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26 SHORT ABSTRACT:
27 A protocol is presented using synthetic biology techniques to synthesize a set of bacterial
28  biosensors for the analysis of gunshot residue, and to test the functioning of the devices for their
29 intended use using fluorescence spectroscopy.
30
31 LONG ABSTRACT:
32  MicRoboCop is a biosensor that has been designed for a unique application in forensic chemistry.
33  MicRoboCop is a system made up of three devices that, when used together, can indicate the
34  presence of gunshot residue (GSR) by producing a fluorescence signal in the presence of three
35 key analytes (antimony, lead, and organic components of GSR). The protocol describes the
36  synthesis of the biosensors using Escherichia coli (E. coli), and the analytical chemistry methods
37 used to evaluate the selectivity and sensitivity of the sensors. The functioning of the system is
38 demonstrated by using GSR collected from the inside of a spent cartridge casing. Once prepared,
39  the biosensors can be stored until needed and can be used as a test for these key analytes. A
40 positive response from all three analytes provides a presumptive positive test for GSR, while each
41  individual device has applications for detecting the analytes in other samples (e.g., a detector for
42  lead contamination in drinking water). The main limitation of the system is the time required for
43  apositive signal; future work may involve studying different organisms to optimize the response
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INTRODUCTION:

A biosensor is any analytical device that uses biological components (such as proteins, nucleic
acids, or whole organisms) that produce a response that can be used for the detection of a
chemical substance or analyte. As an example, the coal mining industry used a biosensor for
much of the 20t century to detect the presence of toxic mine gases: the canary in the coal mine®.
The biological organism's (canary's) response (death or distress) to a chemical analyte (carbon
monoxide) was observed by the miners in order to protect the workers. In a more modern and
sophisticated example, bacteria can be altered using synthetic biology techniques to respond to
the presence of a certain chemical analyte by exhibiting a specific response, such as the
expression of a fluorescent protein.

Synthetic biology is a broad term that refers to the construction of biological devices and systems
that do not exist naturally, or the re-design of existing biological systems for a specific purpose?.
Synthetic biology is distinguished from genetic engineering by a standard methodology and the
existence of standardized parts (standard synthetic biology genetic elements) that can be used
to synthesize devices and systems. A part is introduced into the genome of a device, an organism
such as a bacterium, to express a certain trait that will serve as an indication of function. For
example, in many synthetic devices, the expression of a fluorescent protein is introduced into a
single celled organism as a reporter protein. Multiple devices can be combined into a system. The
genomes of microorganisms such as bacteria are easy to manipulate in this manner. Numerous
examples of biosensors specific to a wide range of chemical analytes have been reported in the
literature over the last decade3*.

In this work, the MicRoboCop system is presented as an example of a biosensor designed using
synthetic biology techniques with novel applications in forensic and environmental chemistry.
MicRoboCop is a system of three separate devices that, when combined, will allow Escherichia
coli to express red fluorescent protein (RFP) in the presence of gunshot residue (GSR) that has
been collected from a person’s hands or a surface. Each of the three devices responds to a specific
chemical analyte that is known to be a component of GSR®. The three analytes to which the
system responds are I. 2,4,6-trinitrotoluene (TNT) and related compounds, Il. lead (in the form of
lead ions), and lll. antimony (also in the form of ions).

GSR consists of many different chemical substances, but the three usually used to identify a
residue as GSR are barium, lead, and antimony>. The standard evidentiary test for the
identification of GSR is to use scanning electron microscopy (SEM) with energy dispersive X-ray
fluorescence (EDX)°>. SEM-EDX allows analysts to identify the unique morphology and the
elemental components of GSR. Presently, there are few widely used binary presumptive tests
available. One recently published presumptive test uses ion-mobility spectroscopy (IMS), which
is specialized equipment that might not be available in many labs®. There are also a few color
“spot” tests that can be used, though they are typically used for distance determination or for
GSR identification on bullet holes and wounds®. Additionally, there has been some limited
attention in the literature to electrochemical tests for GSR that employ voltammetric analysis,
which has the advantage of potentially being field portable, or anodic stripping voltammetry,
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which is an extremely sensitive method for metallic elements’. There is very little mention in the
literature of biosensors designed specifically for the purpose of detecting GSR, though some
biosensors for other forensic applications have been published?.

The biological elements for each device in the MicRoboCop system, and the plasmid construction,
are illustrated in Figure 1. The curved arrow in Figure 1b represents the promoter region that is
activated in the presence of the analyte, the oval is the ribosomal binding site that allows
translation of the reporter protein, the gray box labeled RFP is the gene that expresses red
fluorescent protein, and the red octagon is the transcription termination site. All three devices
will be used together as a system to detect GSR. Each device with a specific promoter (SbRFP,
PbRFP, and TNT-RFP) will be incubated with the sample that is being tested and fluorescence of
RFP will be measured. RFP will only be expressed if the appropriate chemical analyte is present
and activates the promoter region. Three devices that respond to some of the chemical
substances present in GSR have been designed and are presented in this work.

The promoters used in the three MicRoboCop devices are an arsenic and antimony sensitive
promoter, SbRFP>10, a lead sensitive promoter, PbRFP'%'2 and a TNT sensitive promoter, TNT-
RFP'3. Because a search in the literature revealed no promoter desighed to respond to barium,
the TNT promoter was selected instead since this promoter is sensitive to a number of
structurally related compounds (in particular, 2,4-dinitrotoluene and dinitrobenzene) that are
known to be a part of the organic compounds left behind in GSR. This promoter has successfully
been used to specifically detect minute quantities of TNT and 2,4-dinitrotoluene (2,4-DNT) in
buried land mines!3. Using the three devices together as a system, a positive test for GSR will
produce fluorescence in all three devices. A fluorescence signal in only one or two devices will
indicate another environmental source of the analyte(s) or in the case of the TNT promoter,
activation by a compound that is not an organic compound left behind in GSR. By using all three
devices together, the possibility of a false positive results due to environmental sources is
minimized. Lead-free ammunition, which is gaining in popularity, still represents only about 5%
of ammunition sales in the United States; hence, false negative results due to the absence of lead
may be a possibility but there is still utility in a sensor that uses lead as a marker for GSR*4. In
addition to this specific forensic application, each device can be used separately for purposes of
detecting environmental contaminants.

The protocols presented include the synthetic biology techniques used to create the devices
(sensor bacteria) and the analytical techniques to check the function of the devices and analyze
the fluorescence signals obtained. The protocol also includes collection of forensic evidence in
the form of hand wiping to collect GSR from the hands of a suspect or swabbing to collect GSR
from a surface. Results from the lead sensor device are presented as example results, along with
a demonstration of a positive test for GSR using a spent cartridge casing.

PROTOCOL

NOTE: Synthesis of E. coli expressing RFP is presented.
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1. Preparation of plasmid DNA from E. coli

1.1. Thaw E.coli containing a plasmid with an RFP gene and ampicillin resistance gene and
grow the E.coli on Luria Broth (LB) agar plates containing 100 pg/mL ampicillin at 37 °C for 24 h.
For example, use the J10060 plasmid from the registry of standard biological parts used for
synthetic biology (see Table of Materials). The J10060 plasmid includes a gene for RFP (red
fluorescent protein) under the control of a pBad promoter region and an ampicillin resistance
gene. Alternatively, transform E.coli (refer to step 3.2) with the plasmid prior to growth on the
LB agar plates.

1.2.  Follow a standard miniprep protocol (see Table of Materials) to isolate DNA from 1 mL of
an E. coli culture that contains the J10060 plasmid. The purpose of the following protocol is to
remove the pBad promoter and replace it with the desired promoter for the device.

1.3.  Following the plasmid miniprep, store DNA in the freezer until ready for digestion.

2. Restriction enzyme digestion

2.1.  Set up the following reaction in a microcentrifuge tube for EcoRIl and Nhel digestion: 10
pL of J10060 plasmid DNA (isolated in step 1), 8 uL of water, and 1 plL each of EcoRI and Nhel
enzymes pre-mixed with 1 uL of buffer (see Table of Materials).

2.2.  For the promoter DNA, set up the following reaction in a microcentrifuge tube for EcoRl
and Nhel digestion: 10 uL of annealed promoter DNA sequences (8 uL of water, and 1 uL each of
EcoRl and Nhel enzymes pre-mixed with 1 L of buffer.

2.2.1. For Sb-, Pb-, or TNT-RFP (see Table of Materials), dissolve the oligonucleotides in buffer
(30 mM HEPES, pH 7.5; 100 mM potassium acetate), incubate in equal molar concentrations,
heat to 94 °C for 2 min, and gradually cool at room temperature).

2.3.  Mix the samples by pipetting gently up and down with the pipette set to 10 L.

2.4. Incubate for 30 min at 37 °C.

2.5. Heat inactivate the enzymes at 80 °C for 5 min.

2.6. Store the digested DNA in the freezer until ready for the next step.

3. Ligation and transformation

3.1. Ligation



175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217

3.1.1. Using the plasmid and promoter DNA that were double digested with EcoRI and Nhel in
step 2, set up the reaction mixture shown in Table 1 in a microcentrifuge tube on ice; add the T4
DNA Ligase last.

NOTE: Table 1 shows a ligation using a molar ratio of 1:3 vector to insert for the indicated DNA
sizes.

3.1.2. Gently mix the reaction by pipetting up and down and microcentrifuge briefly.
3.1.3. Incubate at room temperature for 10 min.

3.1.4. Heat inactivate at 65 °C for 10 min.

3.2. Transformation

3.2.1. Thaw a tube with 20 pL of DH5-alpha Competent E. coli cells on ice until the last ice
crystals disappear.

3.2.2. Add 5 pl of plasmid DNA to the cell mixture. Carefully flick the tube 4-5 times to mix the
cells and DNA.

3.2.3. Place the mixture on ice for 2 min.
3.2.4. Heat shock at exactly 42 °C for exactly 30 s. Do not mix.
3.2.5. Place onice for 2 min. Do not mix.

3.2.6. Pipette 380 uL of room temperature SOC into the mixture. Immediately spread onto an
LB agar plate containing ampicillin (100 pg/mL) and incubate overnight at 37 °C.

3.2.7. Check the plates within 24 h for growth.

3.2.8. Seal the plates with sealing film and store in the refrigerator until ready for next step.

4. Colony PCR

4.1. Addto a PCR tube (set up 4 reaction tubes) the reaction mixtures shown in Table 2.

4.2. Gently mix the reactions by pipetting up and down.

4.3. Using a yellow pipette tip, scrape a colony (or very small region) of the transformed E.

coli. Transfer a swipe of this E. coli onto a new LB/ampicillin/agar plate that has been sectioned
off, and then insert the pipette tip into the PCR tube. Shake the pipette tip to mix the E. coli with



218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250
251
252
253
254
255
256
257
258
259
260
261

the PCR mix. Repeat three more times for additional colonies. Transfer the PCR tubes to a PCR
machine and begin thermocycling using the program shown in Table 3.

4.4. Run gel electrophoresis using a 2% agarose gel in TAE to determine which colonies have
the best ligation into the plasmid and grow those colonies on a new plate.

4.5. Store the plates in the refrigerator until ready for testing. Prepare a liquid culture in Luria
broth with 100 pg/mL ampicillin added for chemical testing.

5. DNA Sequencing

5.1.  Foreachsample, add 5 pL of plasmid, 4 pL of the sequencing primer, and 3 uL of deionized
water.

5.2.  Place this mixture into a tube and send it for DNA sequencing (see Table of Materials).

5.3.  Analyze DNA sequence data to compare the expected and observed DNA sequences using
DNA sequence analysis software to ensure that there is no mutation and that the genes were
correctly inserted.

NOTE: Using E. coli as a chemical sensor is presented below.
6. Preparation of E. coli cultures
6.1.  Prepare LB with 100 pg/mL ampicillin for liquid cultures.

6.2. Prepare liquid cultures of the sensor bacteria, the positive control* bacteria and the
negative control** bacteria.

NOTE: *Positive control bacteria: E. coli containing a plasmid with the RFP gene under control of
a constitutive promoter; plasmid E1010 from the registry of standard biological parts used for
synthetic biology (see Table of Materials) was used in this work.

**Negative control bacteria: E. coli containing a plasmid with the RFP gene under control of a
different promoter, such as the pBad promoter (plasmid J10060 from the registry of standard
biological parts used for synthetic biology (see Table of Materials)) or a plasmid that does not
have the RFP gene.

6.3. Place the cultures into a shaking incubator at 37 °C and 220 rpm for a minimum of 8 h,
maximum of 18 h. Cloudy broth indicates bacterial growth.

7. Titrating E. coli to check function of device

NOTE: Once the sensors have been titrated to check function, this step does not need to be
repeated. A positive control in the form of addition of lead, antimony, and 2,4-DNT or 1,3-
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dinitrobenzene (1,3-DNB) can check the function of the devices for each use without the need
for the full titration.

7.1.  Prepare a stock solution of the analyte(s) of interest at a concentration of 10 ppm in
water. If solubility is an issue, use a 50/50 water/methanol mixture.

7.2.  Using Table 4 as a guide, label the appropriate number of sterile culture tubes and place
2 mL of the cultured broth (from protocol step 6) into each tube.

NOTE: In order to determine a general analytical range, do at least three different levels of an
analyte with the sensor bacteria, one level with the negative control, and one level with the
positive control. There should also be one tube of each of the bacteria that has no added metal
(another type of negative control). To more accurately determine analytical range and limits of
detection, use a larger range of analyte concentrations.

7.3. Add analyte stock solution to the tubes containing 2 mL of broth as noted in Table 4, place
the snap caps on the culture tube so that they are loose (to allow air flow into the tube), and

vortex the culture tube.

7.4.  Leaving the snap caps loosely on the culture tubes, place into a shaking incubator at 220
rpm and 37 °C for at least 24 h.

7.5. Remove the tubes from the incubator, snap the caps onto the tubes tightly, and store the
tubes in the refrigerator until ready for fluorescence analysis.

8. Using E. coli as chemical sensor for GSR
8.1. Using an ethanol-based wipe designed for removing lead (see Table of Materials), wipe
all surfaces of the hands, including between the fingers. Use a separate wipe for each hand. Store

the wipes in an appropriately labelled sealable baggie until analysis.

8.2.  For surfaces to be tested: use an alcohol-based wipe for large surfaces or a cotton swab
moistened with ethanol for small surfaces.

NOTE: To demonstrate the sensors’ response to GSR, the inside of a spent .40 caliber cartridge
casing was swabbed with an ethanol moistened cotton swab.

8.3. Wearing clean gloves and using scissors that have been cleaned with alcohol, cut an
approximately 1 cm? section out of the center of the wipe.

8.4.  Place the cut piece of the hand wipe or the cotton swab directly into a culture tube that
contains 2 mL of the sensor bacteria, ensuring that it is submerged in the broth.

8.5.  Proceed as described above in steps 7.4 — 7.5.
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9. Fluorescence analysis using portable spectrometer (see Table of Materials)
9.1. Use a vortex mixer to shake the tubes.

9.2.  Prepare the spectrometer to collect fluorescence emission at the appropriate wavelength
for your RFP variant with an excitation wavelength of 500 nm.

9.3. Use the Luria broth to record a blank spectrum.

9.4. Carefully transfer each supernatant to a low volume cuvette and collect the emission
intensity.

10. Fluorescence analysis using 96-well plate reader (see Table of Materials)
10.1. Use a vortex mixer to shake the tubes.

10.2. Transfer 200 mL of the broth to a well in the well plate. Record which samples went into
each well of the plate.

10.3. Set up the fluorimeter to collect the emission intensity at the appropriate wavelength for
the RFP variant.

11. Data analysis

11.1. Using the signal obtained from all negative controls (RFP negative bacteria or sensor
bacteria with no analyte added), calculate an average fluorescence signal for the background.

11.2. Subtract the average background signal from each fluorescence signal obtained for the
sensor bacteria to get a background corrected fluorescence intensity.

11.3. Estimate the signal-to-noise (S/N) ratio by dividing the background corrected
fluorescence intensity by the average background signal. If the S/N ratio is greater than 3, the
test is positive.

REPRESENTATIVE RESULTS

Fluorescence spectra for the RFP variant used in this work are shown in Figure 2. These data are
from the PbRFP device as it responds to lead and the TNT-RFP device as it responds to two
analytes, 2,4-DNT and 1,3-DNB. This figure shows the spectrum of a negative control (no analyte
added), and the spectra at two different levels of analyte added. The maximum fluorescence
signal for the RFP variant used was observed at 575 nm (excitation wavelength 500 nm). The data
in Figure 3 are representative of a single titration experiment (hence no error bars are included)
of the PbRFP device, titrated as in step 7 of protocol. Figure 3a shows data collected from the
portable spectrometer, while Figure 3b shows data collected from the fluorimeter (from the
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same set of solutions). There is a general trend of increasing fluorescence as the concentration
of metal increases. It is worth noting that at high concentrations, greater than about 800 ppb,
the response drops off due to the toxicity of the metal at such a high concentration. This
maximum response level may vary depending on the analyte used. Our previous work with the
SbRFP showed that the bacteria could tolerate higher levels (at least up to 1000 ppb) of arsenic
and antimony?0. Literature on levels of these analytes collected from hand swabs indicates that
these levels of lead and antimony are consistent with what might be collected from a hand
swab®. Additionally, the results presented in Figure 4 demonstrate that the bacteria can tolerate
the amounts of analytes present in a cartridge case swab without cell death, which will be
significantly higher than what is collected from a hand swab.

Using the calculated S/N values for these data, the lowest detectable level of lead was 12 ppb
(detectable as defined by an S/N greater than 3). In contrast, the S/N for the portable
spectrometer data is only 2 at the highest level tested. However, the trend of increasing
fluorescence with increasing analyte concentration is still clearly noted.

Figure 4a shows a positive test for GSR. To obtain this result, ethanol swabs were collected from
the inside of a spent .40 caliber cartridge casing and added to the three sensor bacteria, as in
step 8 of the protocol. This figure also shows a positive control (bacteria that constitutively
expresses RFP) and a negative control in the form of the SbRFP device with no analyte added.
The cartridge case swabs were used as proof-of-principle results. In future work, hand swabs will
be collected from persons who are known to have fired a gun to show that the sensors are
responsive to hand swabs as well.

TABLE CAPTIONS
Table 1. Reaction mixture for ligation, protocol step 3.1.1.

Table 2. Reaction mixtures for colony PCR, protocol step 4.1.

Table 3. PCR thermocycling parameters for protocol step 4.3.

Table 4. General experiment set up for titration of biosensors, protocol step 7.2.

Figure 1. Biological elements of the MicRoboCop devices. (a) Diagram of the general device for
MicRoboCop in a plasmid with an ampicillin resistance gene. (b) Diagram of each device that is
combined to create the MicRoboCop system.

Figure 2. Fluorescence spectra of PbRFP and TNT-RFP bacteria in the presence and absence of
analyte. Data collected on fluorimeter. (a) Fluorescence spectra of PbRFP bacteria in the
presence and absence of analyte (Pb). (b) Fluorescence spectra of TNT-RFP bacteria in the

presence and absence of two analytes (2,4-DNT and 1,3-DNB).

Figure 3. Comparison of the portable spectrometer system and fluorimeter for detection of the
fluorescence spectra of PbRFP bacteria in the presence and absence of analyte (lead). (a) Lead
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titration data for PbRFP sensor bacteria collected on portable spectrometer system. (b) Lead
titration data (same samples) for PbRFP sensor bacteria collected on fluorimeter.

Figure 4. Ethanol swabs taken from the inside of a .40 caliber spent pistol cartridge to show the
response of the three devices to GSR. S/N for all signals was greater than 3, indicating a positive
test for GSR.

DISCUSSION

Modifications and troubleshooting

The experiment described in Table 4 can be modified in any way appropriate to the sensors that
have been designed. The most important aspect of a chemical sensor is to evaluate its sensitivity
and specificity. It is beneficial to ensure that a wide range of concentrations of the analyte is
analyzed to determine the useful analytical range of the sensor. It is also worth determining a
maximum level of analyte for the cells. Because the analytes used in this study are toxic metals
(Pb and Sb) or organic compounds in a methanol solution (for the TNT derivatives), there is an
upper level at which cell death due to the toxicity of the analyte or solution will occur (generally
higher than 500 — 1000 ppb for the experiments conducted thus far).

Limitations of the technique

The results presented in this work are qualitative in nature but are meant to demonstrate the
guantitative capabilities of RFP modified E. coli. The sensitivity of the sensor can vary significantly
between cultured batches depending on the density of the cells in the broth. If quantitative
results are required, the cell concentration should be estimated by measuring the optical density
of the liquid cultures before analysis. If the optical density of the cultures is determined, then the
cells can be diluted appropriately to reduce variability between experiments. As a presumptive
test for the desired analytes, however, the qualitative “present/not present” response is
acceptable for the applications discussed here. The life span of the cells on the agar plate should
also be noted — previous work has indicated that the plates can be stored in the refrigerator for
up to 2 weeks, but the devices do not work very well towards the end of that time frame and
beyond.

Another consideration is the choice of equipment used to analyze the fluorescence signal. Using
a research grade spectrophotometer with a 96-well plate reader allows selection of exact
excitation and emission wavelengths, which can increase sensitivity. Using this system, the
results of up to 96 experiments can be collected simultaneously. RFP fluorescence may also be
analyzed using a portable spectrometer system. Portable instruments typically allow selected
excitation bands, which may or may not coincide with the excitation maxima of the RFP variant
being used. However, as long as the excitation wavelength is within a reasonable range of the
excitation maxima, the portable instrument will generally be serviceable (though with a loss in
sensitivity). The cost of the portable systems is significantly less than the research grade
spectrophotometer, and portability may certainly be an advantage. Based on the potential
application of the bacteria, the analyst can decide whether or not the additional cost and loss of
portability with the spectrophotometer system is justified.
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Significance with respect to existing methods

The three-part MicRoboCop system described in this work is intended to be used as a qualitative,
presumptive test for the presence of GSR. Currently, the “gold standard” evidentiary test for GSR
requires expert analysis by SEM-EDX. SEM-EDX equipment is expensive and typically operated by
highly specialized analysts. Additionally, GSR evidence is highly variable in forensic casework and
many variables contribute to the deposition of GSR on hands and surfaces!®. A presumptive test
for GSR may be useful to investigators as providing probable cause for a search of person or
property. When compared to electrochemical tests or tests such as ion mobility spectroscopy,
this method offers simple, readily available instrumentation to which most analytical laboratories
should have access.

Other applications

The devices described in this manuscript are designed to be combined into a three-part system
for the presumptive identification of GSR. However, each device in the MicRoboCop system
(SbRFP, PbRFP, and TNT-RFP) can also be used individually to detect chemical contamination in
food, water, or environmental samples. Previous work has shown that the TNT-RFP device can
be used as an in situ sensor for land mines'>'’. Results presented here and in our previous work?°
have shown that the SbRFP and PbRFP devices can detect concentrations low enough to rival
more expensive and sophisticated equipment such as inductively coupled plasma atomic
emission spectroscopy (ICP-AES) and atomic absorption spectroscopy (AAS). The SbRFP sensor is
sensitive to arsenic as well as antimony. These devices may provide a low-cost option for analysis
of toxic heavy metal contamination.

The synthetic biology protocol for preparing the E. coli presented here is applicable to any system
that uses standard synthetic biology genetic parts to synthesize E. coli that express RFP. The
analytical method is applicable to any system that expresses RFP, and so can be used to analyze
any bacterial biosensor system that has been created using synthetic biology methods.
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Table 1. Reaction mixture for protocol step 3.1.1., Ligation

COMPONENT

10X T4 DNA Ligase
Buffer

Plasmid DNA (3 kb)
Promoter DNA (0.7kb)
Nuclease-free water
T4 DNA Ligase

20 pL REACTION
2 uL

3uL
10 pL
4 L
1pul

*
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Table 2. Reaction mixtures for colony PCR, protocol step 4.1.

Component 25 pl reaction
10 uM Forward Primer 0.5 uL

10 uM Reverse Primer 0.5 uL
OneTag 2X Master Mix 12.5 L

Nuclease-free water 11 uL
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Table 3. PCR thermocycling parameters for protocol step 4.3.

STEP
Initial Denaturation

30 Cycles

Final Extension
Hold

TEMP
94 °C
94 °C
55°C
68 °C
68 °C
4°C

TIME
30s
30s
45
60s
5 min

L]
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Table 4. General experiment set up for titration of biosensors.

) Volume of
Concentration
] of analyte Metal anaIYte [analyte],
Tube ID | Bacteria solution added | added solution opb
(ppm) added to 2000
ML broth

1 PbRFP 10 Pb 2.5 12

2 PbRFP 10 Pb 75 361

3 PbRFP 10 Pb 150 698

4 PbRFP 0 none 0 0

5 RFP neg 10 Pb 10 50

6 RFP pos 10 Pb 10 50

L]
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Table of Materials

Name of Material/ Equipment
1,3-dinitrobenzene, 97%
2,4-dinitrotoluene, 97%
Agar
Ampicillin

Antimony, Reference Standard Solution (1000ppm +1%/Certified)

Cut Smart Buffer

Duplex Buffer
EcoRI-HF Restriction Enzyme
Ethanol, HPLC grade, denatured

Eurofins Genomics SimpleSeq DNA Sequencing Kits

Forward primer for colony PCR

Forward primer for DNA sequencing

IBI Science High Speed Plasmid Mini-kit

LB Broth, Miller

Lead, Reference Standard Solution (1000ppm +1%/Certified)
LeadOff Disposable Cleaning and Decon Wipes

Company
Aldrich
Aldrich
Fisher
Scientific
Fisher
Scientific
Fisher
Scientific
New England
BiolLabs
Integrated
DNA
Technologies
New England
BiolLabs

Acros Organics
Eurofins
Genomics
Integrated
DNA
Technologies
Integrated
DNA
Technologies
IBI Scientific
Fisher
Scientific
Fisher
Scientific
Hygenall

Click here to access/download;Table of Materials;JoVE_Materials Revisions Jan
2019 R2.xlIs

Catalog Number
D194255-25G
101397-5G
BP1423-500
BP1760-5

SA450-100

B7204S

11-01-03-00
R3101S
AC611050040

SimpleSeq Kit
Standard

IB47101
BP1426-500

SL21-100
45NRCN

L]
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Methanol, HPLC grade

NEB 5-alpha Competent E. coli cells
Nhel-HF Restriction Enzyme
Nuclease free water

OneTag 2X Master Mix with Standard Buffer

Fisher
Scientific
New England
BiolLabs

New England
BiolLabs

New England
BiolLabs

New England
BiolLabs
Registry of
Standard
Biological

Plasmids from the registry of standard biological parts used for synthetic biolo Parts

Promoter Sequences

Reverse primer for colony PCR

Reverse primer for DNA sequencing

T4 DNA Ligase

Integrated
DNA
Technologies
Integrated
DNA
Technologies
Integrated
DNA
Technologies
New England
BioLabs

A452-4

C2987I

R3131S

B1500S

M0482S

M0202S



Comments/Description

Standard in dilute HNO3

Solvents do not need to be HPLC grade, ACS or reagent grade will work.

5’- GCCGCTTGAATTCGTCATATAT-3’

5’- GTAAAACGACGGCCAGTG-3’

Standard in dilute HNO3
Sold in canisters or individually wrapped, any alcohol based wipe will work.



Solvents do not need to be HPLC grade, ACS or reagent grade will work.

http://parts.igem.org/Main_Page
Sb promoter: 5’- Pb promoter: 5'-

GCATGAATTCAGTCATATATGTTTTTGACTTATCCG GCATGAATTCGTCTTGACTCTATAGTAACTAAG
CTTCGAAGAGAGAGACACTACCTGCAACAATCGC GGTGTATAATCGGCAACGCGAGCTAGCGCAT-
TAGCGCAT-3’ 3
3- 3-
CGTACTTAAGCTCACTATATACAAAAACTGAATAG CGTACTTAAGCAGAACTGAGATATCATTGATCT
GCGAAGCTTCTCTCTCTGTGATGGACGTTGTTAGC CCCACATCTTAGCCGTTGCGCTGCGATCGCGTA-
GATCGCGTA-5’ 5

5’- GCCGCTTGAATTCGTCTAGACT- 3’

5’- GGAAACAGCTATGACCATG-3’






TNT promoter:
5’GCATTCTAGATCAATTTATTTGAACAAGGCGGTCAATTCTCTTCGATTTTATCT
CTCGTAAAAAAACGTGATACTCATCACATCGACGAAACAACGTCACTTATACAA
AAATCACCTGCGAGAGATTAATTGAATTCGCAT3’
3'CGTAAGATCTAGTTAAATAAACTTGTTCCGCCAGTTAAGAGAAGCTAAAATA
GAGAGCATTTTTTTGCACTATGAGTAGTGTAGCTGCTTTGTTGCAGTGAATATG
TTTTTAGTGGACGCTCTCTAATTAACTTAAGCGTAS’
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Title of Article:
Authoris):

D
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ftem 1 icheck one boxj: The Author slects to have the Materials be made available [as described at

hitp://www jove.com/author) via: i/E/StSﬂdaré Access

ttem Z {check one boxj:

] Open Access

The Author is NOT a United States government employee.

| The Author is 2 United States government employee and the Materials were prepared in the
course of his or her duties as a United States government employee.

The Author is a United States government empioyee but the Materials were NOT prepared in the
course of his or her duties as 2 United States government employee.

ARTICLE AND VIDEO LICENSE AGREEMENT

1 Defined Tenms. As used in this Article and Video License
Agreement, the following terms shall have the following
meanings: “Agreement” means this Article and Video License
Agreement; “Artidle” means the article spedified on the last
page of this Agreement, including any assodiated materials
such as texts, figures, tables, artwork, abstracts, or summaries
contained therein; “Author” means the author who i a
signationy to this Agreement; “Collective Work” means a work,
such as 2 periodical issue, anthology or encyciopedia, in which
the Materials in their entirety in unmodified form, along with a
number of cther contributions, constituting separate and
independent works in themselves, are assembled into a
eollective whole; “CRC License™ means the Crestive Commons
Attrbution-Non Commerciai-No Dervs 3.0 Unported
Agreement, the terms and conditions of which can be found
at it/ foreativecommaons.ongflicenses/loy-nc-
mdf3.0/legsloode; “Derivative Work™ means 2 work based
upon the Materials or wpon the Materizls and other pre-
existing works, such as a ranslztion, musical arangement,
diramatization, ficiionslization, motions pichure version, sound
recording, art reproduction, abridgment, condensation, or any
other form in which the Materials may be recast, transformed,
or adapted; “Institetion” means the institution, listed on the
last page of this Agreement, by which the Author was
employed at the time of the creation of the Materials; “JoVE”
means Mylove Corporation, @ Massachusetts corporation and
the publisher of The Jownnol of Visuclized Experiments;
“Blizterizis” means the Aride and / or the Video; "Parties”
means the Author and JoVE; “Video” means any video(s) made
oy the Author, alone or in confunciion with any other parties,
or by JoVE or its affiiates or agents, indhvidually or in
collzboration with the Author or amy other parties,
incorporating alf or any portion of the Article, and in which the
Author may or may not appear.

e

6125426

[y

2. Badckground. The Author, who is the author of the Astide,
in order to ensure the dissemination and protection of the
Article, desires to have tive loVE publish the Artide and oreate
and transmit videos based on the Acticle. In furtherance of
such goals, the Parties desire to memorialize in this Agreement
the respective rights of each Party in and to the Ariide and the
Wideo.

3. Grant of Rights in Article. in consideration of loVE agreeing
to publish the Artide, the Author hereby gramts to JoVE,
subject to Sections 4 and 7 below, the exdusive, royaliy-fres,
perpetual (for the full term of copyright in the Artide,
including any extensions thereto} license (2} to publish,
reproduce, distribute, display and store the Artide in all fonms,
fonmats and media whether now known or hereafter
developed {induding without limitation in print, digital and
electronic form) throughout the word, (b} to transiate the
Artidle info other languages, oreate adaptations, summaries or
extracts of the Artide or other Derivative Works {induding,
without fimitation, the Video) or Collective Works hased on all
ar any portion of the Article and exerdse 2l of the rights set
forth in (2] obove in such transiations, adaptations,
summaries, extracts, Derivative Works or Collective Worlks and
{c} to Hcense others to do any or afi of the sbove. The
foregoing rights may be exercised in all media and formats,
whether now known or hereafier devised, and indude the
right to make such modifications as are technically necessarny
io exercise the rights in other media and formats. if the “Open
Access” box has been checked in lem 1 above, IoVE and the
Author hereby grant to the public 2ll such rights in the Artide
as provided in, but sulbject to all imitations and requirements
set forth in, the CRC Licenss.
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4. Retention of Ri in Arfide. Notwithstanding the
exclusive ficense granted to IoVE in Section 3 above, the
Author shall, with respect fo the Ariide, retzin the noo-
exclusive right to use all or part of the Artidle for the non-
commerdial purpose of giving lectures, presentations or
teaching ciasses, and o post 2 copy of the Artide on the
institution’s website or the Author's personal website, in each
rcase provided that a link to the Ariicle on the loVE website is
provided and notice of IoVE's copyright in the Artide is
induded. Al non-copyright intellectual progeriy rights in and
o the Artide, such 25 patent rights, shall remsin with the

5. Grant of Rights in Video — Stendard Access. This Section 5
applies ¥ the “Standard Acoess” box has been checked in ltem
1 zbove or ¥ no box has been checked in tems 1 2bove. In
comsideration of JoVE agreeing to produce, display or
otherwise assist with the Video, the Author hereby
acknowiedges and agrees that, Subject to Section 7 below,
SoVT is and shall be the sole and exdlusive owner of all rights of
any nature, induding, without Bmitation, 2l copyrights, in and
o the Video. To the extent that, by law, the Author is
deemed, now or at any time in the future, fo have any rights
of any nature in or fo the Video, the Author hereby disclaims
sl such rights and transfers all such rights to JoVE.

& Grant of Rights in Video — Open Access. This Section 6
applies only if the “Cpen Access” box has besn chedked in
ftem 1 above. In consideration of JoVE agreeing to producs,
display or otherwise assist with the Video, the Author hereby
gramts to JoVE, subject to Seclion 7 below, the exclusive,
royaity-fres, perpetual for the full term of copwright in the
Asticle, including any extensions thereto) license {3} fo publish,
reproduce, distribute, display and store the Video in 2l forms,
formats and media whether now known or hereafter
developed {induding without limitation in print, digital and
electronic form) throughout the world, (b} to transiate the
Video into other languages, oreate adapiations, summaries or
exiracts of the Vides or other Derivative Works or Collective
Waorks based on all or any portion of the Video and exercise all
of the rights set forth in {3} sbove in such transiztions,
adapistions, summaries, exiracts, Derivative Works or
Collective Works and {c} to icense others to do any or alf of
the sbove. The foregoing rights may be exerdised in all media
and formats, whether now koown or heresfier devised, and
inciude the right to make such modifications as are technically
necessary to exerdise the rights in other media and formats.
For any Video to which this Section 6 is applicable, JoVE and
the Author hereby grant o the public ail such rights in the
Video a2s provided in, but subject to all limilations and
requirements set forth in, the CRC License.

7. Government Employees. [f the Author is a2 United Stafes
government empioyee and the Article was prepared in the
course of his or her duties as a2 United States govermment
empioyee, as indicated in Hem 2 zbove, and any of the
licenses or grants granted by the Author hereunder exceed the
scope of the 17 U.S.C 403, then the righis granted hereunder
shall be imited to the maximum rights permitted under such

HIZ342 6
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statute. In such case, all provisions contsined 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 fo be amended so as to provide to JoVE the
maximum rights permissible within such statute,

2. Likeness, Privacy, Personality. The Author hereby grants
IoVE the right to use the Author’s mame, voice, fikeness,
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 3l rights he or she may
have, relating 1o his or her appearance in the Vides or
otherwise relating to the Materials, under 3l applicable
privacy, likeness, personality or similar laws.

S. Awuthor Warranties. The Author represents and warnranis
that the Artidle 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 warnranis that the suthorls) listed 2t the top of
this Agreement are the only authors of the Materials. i more
than one author is listed at the top of this Agreement and if
any such author has not entered info 2 separate Article and
Video License Agreement with JoVE relating to the Materials,
the Author represents and warrants that the Author bhas been
authorized by each of the other such auvthors to execute this
Agreement on his or her behalf and to bind him or her with
respect 1o the terms of this Agreement as if each of them had
been a party hereto as an Author. The Author warrants that
the wuse, reproduction, distribution, public or private
perfonmance or display, and/or modification of all or any
portion of the Materials does not and will not vidlate, infringe
andfor misappropriste the patent trademark, intellectual
property or other rights of any third party. The Author
represents and warrants that i has and will continue fo
comply with all government, institutional and other
regulations, incuding without Bmitation all institutionsl,
iaboratory, hospital, ethical, human and animal treatment,
privacy, and 28 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 refevent institutional review board.

0. IoVE Discretion. i the Author reguests the assistance of
JoVE in producing the Vides in the Author’s facility, the Author
shall ensure that the presence of loVE employees, agents or
independent contractors Is in 2ccordance with the relevant
reguletions of the Author's institution. i more than one
author is fisted at the beginning of this Agreement, JoVE may,
in its sole discrefion, elect not take any action with respect To
the Acticle until such time as @ has recsived complete,
executed Artide and Video License Agresments from each
such author. JoVE reserves the right, in its absolute and sole
discretion and without giving any reason therefore, to socept
or dedine any work submitied to JoVE. JoVE and s
employess, agents and independent contractors shall have
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full, unfetiered access to the fadiities of the Author or of the
Agsthor's institution 25 necessary to make the Videe, whether
actually published or not. JoVE has sole discretion as to the
method of making and publishing the Materials, indluding,
without Emitation, fo 2l dedisions regarding editing, lighting,
filming, timing of publication, if any, length, guality, content
and the lke.

11. Indemnification. The Author agrees fo indemnify loVE
and/or its successors and assigns from and against any and all
claims, costs, and expenses, induding atiomey’s fees, arising
out of any breach of any warranty or other representations
contained herein. The Author further agress to indemnify and
hold harmiess IoVE from and against any and 2l daims, costs,
and expenses, indluding atiomey’s fees, resulting from the
breach by the Author of any represeniziion orf wamanity
contained herein or from allegations or instances of viciation
of intellectual property rights, damage o the Author’s or the
Author's institution’s faclities, fraud, Fbel, defamation,
research, eguipment, experiments, property damage, personal
injury, violations of institutional, laboratory, hospital, ethical,
human and animal trestment privacy or other rufes,
regulations, laws, procedures or guidelines, labilities and
other losses or damages related in any way to the submission
of work to IoVE, making of videcs by IoVE, 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 deanfiness or by contamination
due to the making of a video by JoVE its employees, agents or
independent contraciors. Al sterilization, cleanliness or
decontamination procedures shall be solely the responsibility
of the Author and shall be undertsken at the Author's

ARTICLE AND VIDEO LICENSE AGREEMENT

expense. Al indemnifications provided herein shall indude
IoVE's asttomey’s fees and cosis refated fo ssid losses or
damages. Such indemnification and holding harmless shall
include such losses or damages incurred by, or in connection
with, acts or omissions of IoVE, its employess, agents or
independent contraciors.

12. Fees To cover the cost incumed for publication, IoVE
must receive payment before production and publication the
Materizals. Payment is due in 21 days of invoice. Should the
Materials not be published due to an editorial or production
decision, these funds will be retumed fo the Author
Withdrawal by the Avthor of any submitied Materisis after
final peer review approval will result in a2 USSL,200 fee to
cover pre-production expenses incurred by JoVE. ¥ payment is
not received by the completion of filming, production and
publication of the Materizls will be suspended until payment is
received.

13,  Transfer, Govemning law. This Agreement may be
assigned by JoVE and shall inure to the benefits of any of
IoVWF's suocessors and assignees. This Agreement shall be
governed and construed by the intemsl laws of the
Commonwesaith of Massachusetis without giving effect to any
confiict 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
dellivery of 2n original signed copy of this Agreement.

A signed copy of this document must be sent with all new submissions. Only one Agreement required per submission.
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Dear Dr. Wu,

Thank you for your reviews for our manuscript JoVE59471. We are submitting all revised
documents and hope that we have satisfactorily addressed the Editor’s comments about our
manuscript. The revised manuscript has changes tracked, per your request, and we address
specific comments as noted below in red.

We thank you again for your consideration of our manuscript for publication in JoVE.
Sincerely,

Sarah Porter

Editorial comments:

1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there
are no spelling or grammar issues.

*We have thoroughly read through the manuscript and edited the spelling and grammar
mistakes.

2. Please use h, min, s for time units.

*We have edited the manuscript to ensure use of h, min, and s for time units.

3. JOVE policy states that the video narrative is objective and not biased towards a particular
product featured in the video. The goal of this policy is to focus on the science rather than
to present a technique as an advertisement for a specific item. To this end, we ask that you
please reduce the number of instances of " BioBrick" within your text. The term may be
introduced but please use it infrequently and when directly relevant. Otherwise, please refer
to the term using generic language.

*We have removed all mention of the term “BioBrick” within the text and have replaced it
with more general terms including “standard synthetic biology genetic parts” and “the
registry of standard biological parts used for synthetic biology”.

4. Step 2.1: How much buffer is used?

*We have added in the volume of buffer used in Step 2.1 and 2.2.

*


https://www.editorialmanager.com/jove/download.aspx?id=967167&guid=f92d2d95-b3a8-4bb5-aa06-e059f0511eae&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=967167&guid=f92d2d95-b3a8-4bb5-aa06-e059f0511eae&scheme=1

5. 2.2: Please ensure that all text is written in the imperative tense.
*We have edited the wording to make sure all text is in the imperative tense in this step.
6. 3.2.8: Please write this step in the imperative tense.

*We have edited the wording to make sure all text is in the imperative tense in this step.

7. Figure 3: Please provide a title for the whole title. Please describe panel b.

*We have added a title and a description for panel b).

8. Please remove trademark (™) and registered (®) symbols from the Table of Equipment
and Materials.

*We have removed the trademark (™) and registered (®) symbols from the Table of
Equipment and Materials.

9. Please add BioBrick kit to the Table of Equipment and Materials.

*The registry of standard biological parts used for synthetic biology has been added to the
Table of Equipment and Materials.



