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Inducibility of Synthetic Genetic Circuits in Pseudomonas putida under Simulated Soil Conditions

Abstract

This research tests the efficacy of an inducible system present in genetically engineered
bacteria Pseudomonas putida (P. putida), a widespread soil bacterium. Inducible systems in
bacteria are used for a variety of functions in biotechnology, including bioremediation and
working as cell factories to produce natural products and small molecules. The inducible system
used in this research responds to the addition of an anhydrotetracycline (aTc) with the synthesis
of the far-red fluorescent protein mCardinal to report the presence of aTc. To further research
and address how the biosensor would respond under real-world environmental conditions, this
Major Qualifying Project expanded upon biosensor testing under simulated soil conditions using
a liquid soil extract in the lab for testing. The goal of this research project was to observe the
effects, if any, of addition of an aTc inducer to the inducible system in liquid soil extract. While
we were able to confirm inducibility in laboratory growth conditions, we were unable to induce
the circuit in liquid soil extract conditions. We believe that the promoters that drive the system
may not be functional under soil-like conditions and will need to be further optimized in order to
apply inducible genetic circuits within real-world environmental conditions. These discoveries
motivate further research into the potential use of P. putida as a biosensor for antibiotics and

other environmental contaminants in soil environments.
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Background

Genetically engineered microbes (GEMs) are being harnessed for use in detecting
antibiotics, heavy metals, and other contaminants in soil environments. This detective work by a
GEM can be effectively accomplished with the use of a biosensor in the form of an inducible
genetic circuit within the GEM that senses the presence of these chemical materials or
contaminants. An inducible gene is a gene that is expressed, or turned on, when a substance (an
inducer) is introduced into the GEM environment. The inducer controls the expression of the
gene. The microbial biosensor is a tool which integrates the microbe with a transducer in order to
generate a measurable response output (e.g. fluorescence) from a certain input - the inducer (e.g.
antibiotic, heavy metals) (Su et. al, 2011). Once the GEM senses one or more of these materials,

it produces a signal to flag the presence of the contaminant.

For this Major Qualifying Project, extensive research was conducted to test the
fluorescent protein production response of an inducible genetic circuit to the presence of an
antibiotic inducer. We selected the soil bacteria Pseudomonas putida (P. putida) for testing. P.
putida is a rod-shaped, flagellated, gram-negative bacterium that is found in most soil and water
habitats where there is oxygen. It grows optimally at 25-30°C. P. putida is amenable to genetic
engineering and is frequently used in research and bioremediation work (Sayler & Ripp, 2000).
This is due to P. putida’s flexible metabolism, ability to withstand physical and chemical
stresses, and ability to thrive in diverse and difficult environments. P. putida is found in
contaminated environments as seen in Figure 1 and has become a microbe of choice for

bioremediation research (Weimer et. al, 2020).
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Figure 1. Image Adapted from Weimer et. al, 2020. “Isolation, source, and distribution
of P. putida strains with full genome sequence available. The P. putida strains have
been isolated from soil, polluted soil, water, polluted water, and/or wastewater and

other unspecified sources (Data from Pseudomonas Genome DB and NCBI

BioSamples Database, accessed: 05/20/2020; see Tables S2 for further information.)”

This Major Qualifying Project expands upon the research conducted by Dr. Andres
Felipe Carrillo Rincon. Dr. Carrillo Rincon created a plasmid containing a biosensor for use in
Escherichia coli, Vibrio natriegens, and P. putida that produced mCardinal, a fluorescent
protein, in response to the addition of an antibiotic inducer (Carrillo Rincon & Farny, 2023). Dr.
Carrillo Rincon’s research results indicated that the biosensor was functional in Luria Broth
(LB). The research conducted for this Major Qualifying Project looked to expand into other
environmental conditions beyond LB to test if the biosensor would retain its functionality. These
environmental conditions were multiple types of liquid soil extract, also known as solubilized
extracted soil organic matter (SESOM). Liquid soil experiments can act as a precursor to solid

soil experiments as soil synthetic biology can encounter challenges in the GEM’s ability to
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survive, persist, and maintain its function over a period of time within the soil environment.
Validating P. putida as a model specimen in soil environments as well as understanding the
strengths and limitations of P. putida was the overarching goal of our research work. It can be
easier to grow bacteria and measure such growth by flow cytometry or plate reader assays when
bacteria is grown in liquid media. Different genes are expressed when bacteria are on a solid
matrix in a solid soil environment compared with when bacteria are floating in a planktonic state
in a liquid soil media. There is precedent for bacterial growth differences in SESOM in
comparison with solid soil models using SESOM agar for Bacillus species (Vilain et. al, 2006).
No research has yet been conducted to understand the behavior and viability of P. putida in

liquid versus solid soil conditions.

The biosensor mentioned above takes the form of an inducible genetic circuit made up of
multiple genetic elements that work together to report the presence of the inducer. A visual
representation of the architecture of the inducible circuit used in this research can be seen in
Figure 2. The yellow circles represent the inducer, or “on” switch, used in each experiment. The
inducer is the antibiotic anhydrotetracycline (aTc), a derivative of tetracycline. The purple ovals
in Figure 2 represent the Tet repressor protein (TetR). In the “off” state, TetR proteins inhibit the
tet promoter, and, therefore, also inhibit transcription of the mCardinal (a fluorescent protein)
open reading frame, represented by the red arrow shape, by binding to the fet promoter. The fet
promoter regulates the transcription of fluorescent mCardinal. The top section of Figure 2
illustrates the successful repression of the fef promoter because the mCardinal open reading
frame (ORF) does not produce any fluorescent proteins. In the lower section of Figure 2, aTc is
added. The aTc binds to the TetR proteins, which prevent the TetR proteins from binding to the
tet promoter. With the addition of the inducer, the tef promoter is functional and transcribes the
mCardinal ORF, leading to production of mCardinal fluorescent proteins and, therefore,

quantifiable fluorescence.
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Figure 2. The aTc Inducible Circuit used in P. putida strains P38 and P52.
Created in Biorender.com

The goal of this Major Qualifying Project was to conduct experiments and statistical
analysis to determine if the inducible genetic circuit in bioengineered P. putida elicits a response
output in both a nutrient-rich LB environment and a nutrient-poor liquid soil environment. If
such a response output is generated in a nutrient-poor liquid soil environment, further
experiments in solid soil environments could bring the biosensor closer to use in real world

applications.

In this work, we show how the biosensor responds under simulated soil conditions. We
found that while we were able to confirm inducibility in laboratory growth conditions, we were

unable to induce the circuit in liquid soil extract conditions. These results did not support our
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hypothesis that the inducible circuit was functional in liquid soil extract. We believe that the
promoters that drive the system may not be functional under soil-like conditions and will need to
be further optimized in order to apply inducible genetic circuits within real-world environmental

conditions.
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Materials and Methods

A. Bacterial Strains and Plasmids

Pseudomonas putida belongs to the Gammaproteobacteria phylum and the
Pseudomonadaceae family. The P. putida strain KT2440 and plasmids for gene expression and
genomic integration were gifts from Dr. Adam Guss of Oak Ridge National Laboratory to the
Farny Lab, Dr. Natalie Farny, Principal Investigator. Using the P. putida strain KT2440,
plasmids for P. putida strains P52 and P38 were created by Dr. Carrillo Rincon of the Farny Lab
at Worcester Polytechnic Institute for use in Escherichia coli. The plasmids were subsequently

integrated into P. putida by Dr. Carrillo Rincon.

Three strains of P. putida were used in the experiments detailed in this report: a wild-type
P. putida strain not impacted by the addition of an inducer, a P. putida strain with constitutive
fluorescence response, and a P. putida strain with an inducible response. The full names of each

plasmid found within each strain can be seen below in Table 1.

Table 1: Bacterial Strains and Plasmids

Code | Strain Plasmid Features Selective Marker | Predicted
Fluorescence

P38 P. putida pJH0204 V2TC | Integrated with Kanamycin Inducible
AG4775 tetR-Cardinal pJH0204 Response

P52 P. putida pJH0204 V2TC | Integrated with Kanamycin Constitutively
AGA4775 Cardinal pJH0204 “on”

WT P. putida pJHO0204 N/A None None
AG4775

B. Soil Collection

Two types of soil-extracted solubilized organic matter (SESOM) were used for inducible
circuit testing. The first type of SESOM, black bag (“BB") SESOM, was used in the preliminary
testing of the inducible circuit. Soil for BB SESOM was purchased online: “Miracle-Gro
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Performance Organics All Purpose Container Mix - Organic and Natural Plant Soil". After initial
results indicated that the inducible genetic circuit was nonfunctional in BB SESOM due to low
levels of bacterial growth, oak soil was collected with permission from (Lat. 42.491926, Lon. -
71.247929) in Bedford, Massachusetts, beneath a Pin Oak, Quercus palustris. Tree genus was
determined using iNaturalist. The temperature outside during soil collection was 55.4°F. The soil
was collected between 6 and 8 inches of depth, and contained a mixture of loam and yellow-gold
clay. A visual representation of a leaf from the oak tree, soil collection method, and the color
difference observed between BB and Oak SESOM can be seen in Figure 3. Examples of bacterial
growth in Oak SESOM include Liebeke et. al, 2009 and Luo et. al, 2007.

Pin Oak (Quercus palustris) ~ needsiD

Figure 3. Oak Soil Collection. Rightmost Image: Oak SESOM (left), BB SESOM (right).

C. Soil-Extracted Solubilized Organic Matter (SESOM) Production

One hundred grams of Miracle-Gro Performance Organics Potting Soil Mix (purchased
online) or one hundred grams of oak soil (collection details for oak soil can be found in Materials
and Methods Section B) were combined with 500mL of phosphate buffered saline (PBS) ina 1L
Erlenmeyer flask and the mouth of the flask was covered with tinfoil. The flask containing the
soil-PBS mixture was placed into a shaking incubator at 220 rpm at 37°C for two hours. After
the incubation period, the soil-PBS mixture was poured into a French Press and the large

particulates of the soil were filtered out. Next, a Biichner funnel vacuum filtration system was set

10
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up and lined with two pieces of Whatman filter paper. A grade one piece of Whatman paper was
placed first into the Biichner funnel vacuum filtration system and a grade four piece of Whatman
paper was placed on top. Both pieces of filter paper were wetted with PBS prior to addition of
the filtered soil-PBS mixture. After filtration through the Biichner funnel vacuum filtration
system, the soil extract was filtered through a 0.2-micron sterilizing filter unit. The resulting
sterile soil liquid extract was stored at 4°C until use in experiments. A visual representation of

this process can be found in Figure 4.

Figure 4. Soil-Extracted Solubilized Organic Matter (SESOM) Production.

D. Growth and Induction of Bacterial Strains in Differential Conditions

The growth and induction phases of experiments took place over two consecutive days.
During Day 1, a freezer stock of kanamycin (KAN) antibiotic was thawed and mixed with LB at
a final concentration of 50 ug/mL. Three colonies each of P52 and P38 were picked from agar
plates to be grown overnight in SmL LB + KAN media. The P52 and P38 strains each contain a
KAN resistance gene as a selectable marker. The inclusion of the selectable marker ensures that
any P52 or P38 bacteria only survive if they contain the biosensor. If a bacteria within the P52 or
P38 strain mutates and no longer contains the biosensor, the mutated bacteria would also no
longer contain the KAN resistance gene and, therefore, be killed by the antibiotic. Three colonies
were picked from an agar plate of the wild-type (WT) strain to be grown overnight in SmL LB

media. The WT strain does not contain an antibiotic resistance selectable marker or biosensor

11
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and, therefore, is not grown in media with antibiotics. Nine tubes total, three of each strain, were

then incubated in a shaking incubator at 30°C overnight.

Day 2 of growth and induction was comprised of multiple stages: (a) creating undiluted
SESOM cultures, (b) creating 1:10 dilutions of undiluted SESOM and LB cultures, (¢)
measuring optical density of 1:10 SESOM and LB cultures, (d) creating +/- aTc cultures with
diluted SESOM and LB cultures, (e) creating SESOM controls, and (f) incubation and induction.

a. Creating undiluted SESOM cultures

To create the undiluted SESOM cultures, 2mL of each LB culture from Day 1 was
pipetted into a 15mL snap cap tube. Samples were centrifuged at 3900 rcf for 5 minutes. LB
supernatant was decanted and 2mL of SESOM was pipetted into each tube and the bacterial
pellet was resuspended in the SESOM.

b. Creating 1:10 dilutions of undiluted SESOM and LB cultures

To make 1:10 dilutions of the undiluted LB cultures from Day 1 and the undiluted
SESOM cultures created in section (a) above, 9mL of media (SESOM or LB) was pipetted into
15mL snap cap tubes. Using the newly created undiluted SESOM cultures and the undiluted LB
cultures from Day 1, ImL of each undiluted culture was pipetted into each tube with 9mL of the

appropriate media (LB, LB + KAN, SESOM, SESOM + KAN).

¢. Measuring Optical Density (OD) of 1:10 dilutions of undiluted SESOM

and LB cultures

A sample dilution equations template (seen below in Table 2) was used for each
condition (e.g. LB and SESOM) to ensure that the final culture density across and within each
culture were identical before the addition of the inducer to the designated cultures. The optical
density (OD600) of each 1:10 diluted culture of P. putida was measured and recorded using the
Eppendorf BioPhotometer Model #6131 on the dilution equations template (see Table 2). Values
associated with LB cultures were listed in columns labeled in red and values associated with

SESOM cultures were listed in columns labeled in green.

12
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The process of determining culture density was as follows: the spectrophotometer was
first blanked with the appropriate media. The use of a “blank™ calibrates the spectrophotometer
to the optical density of the media in which the sample is located. For WT cultures, SESOM or
LB without KAN added were used as the blank. For P52 and P38 cultures, SESOM or LB with
KAN added were used as the blank. One milliliter of media was micropipetted into a cuvette
before insertion into the spectrophotometer and the blank value was set for each media..

Next, ImL of each biological replicate culture (e.g. WT-1, WT-2, WT-3) was
micropipetted into a cuvette and OD600 values were collected in the second column. After the
OD600 values for the LB and the SESOM cultures were collected, the OD600 was divided by
0.05. After multiple trials were conducted, visual observation of the SESOM cultures showed
that the turbidity of the cultures grown in SESOM was low compared to the turbidity of the LB
cultures. To account for this difference in growth, 0.2 divided by the OD600 was used in the
third column of the SESOM cultures. The number in the third column is how much 1:10 diluted
culture (in milliliters) would be needed to create a final culture with a volume of 1mL. In the
fourth column (labeled as “1000-x=y”), the value from the third column is subtracted from 1000
to give the amount of media (in microliters) that would be needed to create a final culture with a
volume of ImL. Because 1mL would be too small a volume to use for testing, both numbers
were multiplied by five before creation of the final cultures. The 5x column shows how much
1:10 diluted culture would be added to each set of two tubes in microliters (one tube to be
induced and one tube to remain without the inducer) before incubation and induction. The 5y
column shows how much media in milliliters would be added to each set of empty tubes before

incubation and induction.
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Strain 0OD600 val 0.05/val=x | 1000-x=y 5x Sy

P52-1 0.274 0.182 818 0.910 4.090
P52-2 0.282 0.177 823 0.885 4.115
P52-3 0.414 0.120 880 0.600 4.400
P38-1 0.450 0.111 889 0.555 4.445
P38-2 0.295 0.169 831 0.845 4.155
P38-3 0.474 0.105 895 0.525 4.475
WT-1 0.466 0.107 893 0.535 4.465
WT-2 0.407 0.122 878 0.610 4.390
WT-3 0.353 0.141 859 0.705 4.295

Table 2a. LB Dilution Equations Template for creating properly diluted cultures.

Strain 0OD600 val 0.2/val =x 1000-x=y 5x Sy

P52-1 0.296 0.675 325 3.375 1.625
P52-2 0.306 0.653 347 3.265 1.735
P52-3 0.390 0.512 488 2.560 2.440
P38-1 0.377 0.530 470 2.650 2.350
P38-2 0.280 0.714 286 3.570 1.430
P38-3 0.404 0.495 505 2.475 2.525
WT-1 0.437 0.457 543 2.285 2.715
WT-2 0.424 0.471 529 2.355 2.645
WT-3 0.350 0.571 429 2.855 2.145

Table 2b. SESOM Dilution Equations Template for creating properly diluted cultures.

14



Inducibility of Synthetic Genetic Circuits in Pseudomonas putida under Simulated Soil Conditions

d. Creating “+/-” aTc cultures with diluted SESOM and LB cultures

After the dilution equation templates were filled out for LB and for SESOM, the final set
of cultures were then created. The proper amount of 1:10 diluted culture and media were mixed
in 2 tubes per sample, such that each colony isolated had a tube with aTc at a final concentration
of 0.1 ug/mL (a 50mL ""+” tube marked with a red sticker) as well as a tube without aTc (a
50mL ““-” tube marked with a blue sticker). A SmL micropipette was used to pipette the proper
amount of media into each set of tubes, A p1000 micropipette was used to pipette the proper
amount of 1:10 diluted culture into each set of tubes. LB cultures are denoted by a yellow sticker
on the cap and SESOM cultures are denoted by a green sticker on the cap. An image of what the

final set of tubes might look like before incubation and induction can be seen in Figure 5.

Figure 5. Sample Final Set of Tubes Image before Incubation and Induction.
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e. Creating Controls

To create controls for the LB and SESOM set of tubes, four total 50mL conical tubes
were filled with SmL SESOM + KAN + aTc, SmL SESOM + KAN, SmL LB + KAN + aTc, and
SmL LB + KAN, respectively, to determine if the LB or SESOM media was contaminated.
These tubes did not have any bacteria added and functioned as a test to determine if the LB or
SESOM media contained contaminating bacteria or fungi. Only the P. putida strains that were
being tested should have experienced growth during the incubation period, not bacterial or fungal
contaminants in tubes that contained only media. In the case of contamination, the control tubes
would be visibly cloudy or contain spheres of fungi and the experiment results would be

discarded due to the lack of a functional control.
f- Incubation and Induction

All cultures, LB controls, and SESOM controls were incubated at 30°C in a shaking
incubator for four hours. After four hours, the “+” aTc cultures, tubes labeled with red stickers,
were induced with Sul of aTc. All cultures and controls were then grown overnight to be

measured the following day.
E. Testing of Bacterial Strains in Differential Conditions

On Day 3 of the experiment series, one hundred microliters of each sample were pipetted
into a black-walled 96 well plate to capture fluorescence. One plate was made for the SESOM
cultures and one plate was made for the LB cultures. The plate map in Figure 6 shows three
biological replicates for each strain (three colonies of each strain) and four technical replicates
per strain. Two sets of the three-day experiment series were conducted on two different plate
readers. In the first set of experiments, the VICTOR Nivo Multimode Microplate Reader was
utilized for measuring fluorescence of the cultures. It is worth noting that there was a filter error
during these trials that stated that the filter was not optimal for 615/8nm, which is the excitation
and emission range used for measuring mCardinal. In the second set of experiments, the Agilent
BioTek Synergy H1 Microplate Reader HIM Unit 2 was used. No such filter error was reported

when measuring mCardinal because this plate reader is customizable for specific excitation and
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emission wavelengths. After all raw data was collected, the four technical replicates were
averaged, and the resulting values were normalized by dividing the sample’s RFUs by the RFU
of the media control from that experiment (e.g. LB + KAN or SESOM + KAN).

L_A¢ KD | F
RN |°
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I e ll g e *1 LS W R 1 i

Figure 6. Plate Map for Testing of Bacterial Strains in Differential Conditions.

F. Methods for Biosafety and Biocontainment

Soils used for the experiments and testing were from a commercial source (Black Bag
SESOM) and from private property with permission (Oak SESOM). As engineered organisms,
from one of the three strains of P. putida, were introduced to LB or SESOM, the resulting liquid
cultures and media were bleached and disposed of. Personal protective equipment including
gloves, safety goggles, and a lab coat were used during all experiments and creation of SESOM.
Requirements of a BSL-2 workspace, as well as all Farny Lab lab protocols, were complied with

during all testing and work in the lab environment in order to prevent unintentional exposure to
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biohazardous materials or their accidental release. During the course of this MQP project, there
were no issues or accidental releases of any engineered organisms. Once soil was brought into
the lab environment, it was not placed back into the environment. Used soil was discarded in the
general building waste stream if it did not come into contact with engineered organisms. If soil

came into contact with the bacterial strains, it was disposed of in a biohazardous waste container.

G. Data Processing and Statistical Analysis

Data were processed via normalization of the media that they were grown in using values
collected from plate reader experiments. All data points were recorded and normalized using
Microsoft Excel and measured in relative fluorescence units (RFUs). Grouped bar graphs were
used to visualize data points collected from multiple trials of plate reader experiments using
GraphPad Prism. The graphs were generated for three strains of P. putida in varying media
conditions including LB as a positive control, Black Bag (BB) SESOM, and Oak SESOM.
Figures 7-15 were generated with data collected from the VICTOR Nivo Multimode Microplate
Reader. Figures 16-18 were generated with data collected from the Agilent BioTek Synergy H1
Microplate Reader HIM Unit 2. One-way ANOVA was performed in GraphPad Prism.

18
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Results

In order to confirm the prior results of Dr. Carrillo Rincon, I first sought to demonstrate
the inducibility of the genetic circuit by aTc in LB growth conditions. The results depicted in
Figure 7 below indicate that the inducible circuit is functional in LB. The bar graph for the wild-
type shows a low level of likely background fluorescence as the wild-type bacteria does not
possess the genetic circuitry needed to produce mCardinal. Both the uninduced and induced bars
for P52, the constitutively “on” bacteria, are equally high and indicate functionality of the
constitutive bacteria. The uninduced bar for P38, the bacteria that possesses the inducible genetic
circuit, is lower than the induced bar for P38, indicating that when the inducer is present the
genetic circuit turns on. These trials therefore successfully confirm the prior results of Dr.

Carrillo Rincon and show that all bacteria are functioning as expected in LB growth conditions.

mcCardinal Fluorescence in LB
L'l
2 1.5 .
4 ¢ LB uninduced
£ LB induced
=
=2 1.0- l
t -
g &
@« |
= hd
E 0.5
L -
a [0 =
ll
% 0.0 1 | |
o P52 P38 Wild type
P. putida Strain
Figure 7. A Term LB (3 trials)

I further wanted to determine whether this same circuit would be inducible under
SESOM growth conditions. Figure 8 shows only SESOM RFU values and indicates that high
levels of background fluorescence innate to BB SESOM are being picked up by the plate reader.
It is clear in Figure 8 that this is a level of background fluorescence because it is in the same high
range regardless of the strain of bacteria or the status of inducibility. This makes it difficult to

discern between fluorescence that is innately part of BB SESOM and fluorescence that is being
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produced by the bacteria. During the collection of data during A term, visual observations
showed that turbidity of the cultures grown in BB SESOM was very low compared to the
turbidity of the LB cultures. There were no experiments conducted to measure this turbidity
difference but the substantially less growth was visibly obvious. This observation led to the
conclusion that the bacteria were not growing well in BB SESOM and therefore the plasmid was

non-functional.

mC‘_grdinaI Fluorescence in BB SESOM
1.5

1.0 } _ , é

0.5+

o BB SESOM uninduced
BB SESOM induced

P52 P38  Wild type

P. putida Strain

Relative Fluorescent Units (RFUs

Figure 8. A Term Black Bag SESOM (3 trials)

Figure 9 includes both LB and SESOM relative fluorescence unit (RFU) values on the
same graph and shows the visible difference between fluorescence produced by the bacteria in

LB conditions compared to the fluorescence of the SESOM media.
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P. putida Strain
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Figure 9. A Term LB and Black Bag SESOM Total (3 trials)

In an attempt to change the media type to determine if the bacteria might grow in an

alternative soil environment, further testing was conducted using Oak SESOM instead of BB

SESOM. Figure 10 below indicates, with less robust results (lower RFUs despite the same LB

conditions), that the inducible circuit is functional in LB. The test results seen in Figures 10-12

show data from two trials referred to as the “no centrifugation” trials. We ran trials without

centrifugation in order to test bacteria in the media in which the bacteria were grown. Figures 10-

12 are therefore referred to as the “no centrifugation” results. The no centrifugation trials showed

similar background fluorescence in Oak SESOM at higher RFUs than seen in LB.
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mcCardinal Fluorescence in LB (no cfg)
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Relative Fluorescent Units (RFUs)

P52 P38 Wild type
P. putida Strain

Figure 10. No centrifugation for LB (2 trials)

Figure 11 shows similarly high bars with only Oak SESOM values, indicating that Oak
SESOM exhibits a high level of background fluorescence similar to BB SESOM.

mcCardinal Fluorescence in Oak SESOM (no cfqg)
2.0

f

1.0 -

¢ Oak SESOM uninduced
Oak SESOM induced

—]

0.5

0.0

Relative Fluorescent Units (RFUs

T T T
P52 P38 Wild type
P. putida Strain

Figure 11. No centrifugation for Oak SESOM (2 trials)

Figure 12 shows the stark contrast between low levels of bacterially produced

fluorescence and high levels of SESOM background fluorescence.
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mCardinal Fluorescence in LB and Oak SESOM (no cfg)
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Figure 12. No Centrifugation for LB and SESOM (2 trials)

I observed that there was a significant fluorescent signal from SESOM alone in prior
experiments (shown in Figures 8 and 11). Therefore, I next attempted to isolate the bacteria from
the soil extract by centrifugation prior to plate reader measurement, to eliminate the background
fluorescence caused by the SESOM. Thus, one trial, shown in Figures 13-15, was completed
where the cultures were centrifuged in an attempt to concentrate the bacteria that were in the
sample. In this trial, the cultures were centrifuged and resuspended in phosphate buffered saline
(PBS) before measuring on the plate reader. This experiment was conducted to evaluate if there
would no longer be any background fluorescence if the SESOM was removed from the tube
containing the bacteria. By pelleting the bacteria, resuspending the pellet in PBS, centrifuging
the bacteria, and then resuspending the pellet again, the fluorescent SESOM would be removed
and only the fluorescence of the bacterial pellet would be measured by a plate reader.
Unfortunately, after centrifugation, no bacterial pellets were visible from the centrifuged
SESOM cultures and therefore the data collected only measured the low fluorescence of PBS
during the centrifugation trial. With this testing approach, we were unable to draw any
conclusions regarding the efficacy of the biosensor or level of bacterial growth in SESOM due to

the lack of a bacterial pellet.
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Figure 13. Centrifugation for LB (1 trial)
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Figure 14. Centrifugation for Oak SESOM (1 trial)
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mCardinal Fluorescence in LB and Oak SESOM (cfg)
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Figure 15. Centrifugation for LB and SESOM (1 trial)

After multiple unsuccessful trials with the VICTOR Nivo Multimode Microplate Reader
due to high levels of background fluorescence, two trials were run on the Agilent BioTek
Synergy H1 Microplate Reader HIM Unit 2 (“Agilent"). The Agilent plate reader was able to
successfully eliminate background fluorescence from the Oak SESOM. Data collected on the
Agilent plate reader can be seen in Figures 16-18. Figure 16 shows the clearest display of
functionality from the LB biosensor. Visible fluorescence can be seen from the constitutive and

inducible bacteria when it was switched “on" (P52 and P38 columns respectively).
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mCardinal Fluorescence in LB (Young Lab Reader)
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Figure 16. Young Lab Reader results for LB (2 trials)

Figure 17 shows the results from Oak SESOM, with one version matching the Y-axis of

Figure 16, and one version with a Y-axis that shows off the RFU differences between each P.

putida strain. The version of Figure 17 that is Y-axis corrected to match Figure 16 shows

consistently low RFU values regardless of the P. putida strain. The low RFU values indicate that

P. putida 1s not living in Oak SESOM and, therefore, the biosensor is non-functional in a liquid

soil environment.
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mcCardinal Fluorescence in Oak SESOM (Young Lab Reader)
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Figure 17. Young Lab Reader results for Oak SESOM (2 trials)

Figure 18 shows the combination of the results from Figure 16 and Figure 17. The visual
difference between genuine fluorescence production and the lack of background fluorescence
from the Oak SESOM clearly shows that the biosensor works well in LB and that no fluorescent
proteins are being produced in Oak SESOM.
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mcCardinal Fluorescence in LB and Oak SESOM (Young Lab Reader)

50+ .
¢ LB uninduced

40— T LB induced
Oak SESOM uninduced
Oak SESOM induced

30+ I

20+

10+ il
ujli

o- l T

P52 P38 Wild type
P. putida Strain

Relative Fluorescent Units (RFUs

Figure 18. Young Lab Reader Results for LB and SESOM (2 trials)

28



Inducibility of Synthetic Genetic Circuits in Pseudomonas putida under Simulated Soil Conditions

Discussion

The goal of this research was to test a previously constructed aTc biosensor in P. putida
in liquid soil conditions. As the test results above show, the biosensor in its current state of
genetic architecture is not functional in BB or Oak SESOM. Despite the number of replicates, no

inducibility was observed in BB or Oak SESOM growth conditions.

Analysis of the test results leads to the conclusion that the underlying causes of the lack
of inducibility in BB and Oak SESOM could be attributed to one of two factors: (1) Repression
of tet is being relieved when aTc is added, but the promoter that drives mCardinal is not active
under these conditions and/or (2) Under these conditions, aTc is not binding to TetR and so
repression of zet is not being relieved.

In the first scenario, where lack of inducibility is due to an inactive promoter, bacterial
growth and production of fluorescence would be limited. Since the results indicate low levels of
both bacterial growth and production of fluorescence in SESOM, it is possible that the proper
sigma factor needed for bacterial growth is not present in BB or Oak SESOM conditions. A
visual representation of this idea can be seen in Figure 19. We infer that the sigma factors that
are most dominant in liquid soil conditions are not the sigma factors being used by the zet
promoter. A sigma factor is a protein involved in the recognition of promoters and RNA
synthesis (Paget 2015). It is probable that even when TetR is not bound to fet, there is still no
transcription from the promoter due to the lack of the proper sigma factors in SESOM. In the
event that the proper sigma factor is not present, bacterial growth is limited or prevented and this

would thus limit the ability to test the biosensor.
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PTc
mcCardinal pJ23119 tetR
T;trr::.'yor.;leu:e ORF Promoter ORF

does not

7 transcribes
transcribe

Figure 19. tet Promoter Inactivity.
Created in Biorender.com

With the second alternative reasoning for lack of inducibility, we surmise that even when
aTc is added, TetR does not bind to aTc and fef is not relieved of repression. In this event, that
TetR is able to bind to fef, we anticipate that TetR is not responsive to the presence of aTc and
that repression of et remains constant and unchanged and, therefore, repression cannot be
relieved. A visual representation of this hypothesis can be seen in Figure 20. It is also possible
that aTc is destroyed or bound by an unknown molecule and thus does not bind to TetR in

SESOM.
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Figure 20. Repression is Not Relieved.
Created in Biorender.com

The two differing ideas presented above on possible causes for lack of inducibility
indicate that the inactivation of the biosensor merits further investigation to figure out if such

inactivation is caused by nonfunctional zet or a lack of aTc binding to TetR.

The experiment that could be conducted in order to determine which idea may be correct
would be chromatin immunoprecipitation combined with high throughput sequencing, or ChIP-
Seq. ChIP-Seq “identifies the locations in the genome bound by proteins" (Statquest with Josh
Starmer, 2018). This process is completed by gluing the proteins that are bound to the DNA to
the DNA strand, cutting the DNA up into fragments, adding antibodies, isolating the proteins
bound to those antibodies, and isolating the DNA attached to the isolated proteins (Statquest with
Josh Starmer, 2018). In the context of this research, the added antibodies would bind to TetR.

If TetR does not bind to tet regardless of the presence of aTc, and the promoter is
nonfunctional like in the first scenario presented above, a weak signal from ChIP-Seq would be

produced. If TetR is found to bind to fef regardless of the presence of aTc as seen in the second
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scenario presented above, the result of ChIP-Seq would be a strong signal. This strong signal

would be produced in both conditions where aTc is absent and where aTc is present.

A visual representation of a hypothetical antibody bound to TetR as well as a potential

predicted result of ChIP-Seq can be seen in Figure 21.

Pre )
Tetracycline mCardinal
Promoter ORF

ChIP-Seq Predicted Result

Key

Result if TetR is
bound to pTet

Result if TetR is
not bound to pTet

Figure 21. ChIP-Seq Visualization.
Created in Biorender.com

Thus, we anticipate that continued research could provide a deeper understanding of the

status of fef which will bring the synthetic biology and environmental remediation fields one step

closer to a functional biosensor in P. putida.

32




Inducibility of Synthetic Genetic Circuits in Pseudomonas putida under Simulated Soil Conditions

References

Carrillo Rincon, & Farny, N. G. (2023). Unlocking the strength of inducible promoters in
Gram-negative bacteria. Microbial Biotechnology, 16(5), 961-976.
https://doi.org/10.1111/1751-7915.14219

Liebeke, Brozel, V. S., Hecker, M., & Lalk, M. (2009). Chemical characterization of soil extract

as growth media for the ecophysiological study of bacteria. Applied Microbiology and
Biotechnology, 83(1), 161-173. https://doi.org/10.1007/s00253-009-1965-0

Luo, Y., Vilain, S., Voigt, B., Albrecht, D., Hecker, M., & Brozel, V. S. (2007). Proteomic

analysis of Bacillus cereus growing in liquid soil organic matter. FEMS Microbiology
Letters, 271(1), 40—47. https://doi.org/10.1111/1.1574-6968.2007.00692.x

Paget, M. S. (2015). Bacterial Sigma Factors and Anti-Sigma Factors: Structure, Function
and Distribution. Biomolecules, 5(3), 1245-1265. https://doi.org/10.3390/biom5031245

Sayler, G. S., & Ripp, S. (2000). Field applications of genetically engineered microorganisms for

bioremediation processes. Current Opinion in Biotechnology, 11(3), 286-289.
https://doi.org/10.1016/s0958-1669(00)00097-5

Statquest with Josh Starmer (2018, April 16). StatQuest: A gentle introduction to ChlP-
Seq [Video]. YouTube, URL
https://www.youtube.com/watch?v=nkWGmaYRues&list=PLTWTsilyLeRrJynGk38V{x
dbpaOHkQgM3 &index=4

Su, L., Jia, W., Hou, C., & Lei, Y. (2011). Microbial biosensors: A review. Biosensors
and Bioelectronics, 26(5), 1788—1799. https://doi.org/10.1016/1.b10s.2010.09.005

Vilain, S., Luo, Y., Hildreth, M. B., & Brozel, V. S. (2006). Analysis of the Life Cycle of
the Soil Saprophyte Bacillus cereus in Liquid Soil Extract and in Soil. Applied and
Environmental Microbiology, 72(7), 4970—4977. https://doi.org/10.1128/AEM.03076-05

Weimer, A., Kohlstedt, M., Volke, D. C., Nikel, P. I., & Wittmann, C. (2020). Industrial

biotechnology of Pseudomonas putida: Advances and prospects. Applied Microbiology
and Biotechnology, 104(18), 7745-7766. https://doi.org/10.1007/s00253-020-10811-9

33



Inducibility of Synthetic Genetic Circuits in Pseudomonas putida under Simulated Soil Conditions

Appendix

Appendix A: Raw Data from Experiments

34



8806181
841981
9/¥S8T
9629LT
G896LT

S9ET6T
G'TEL98T
OV

655481
990002
zt

£'92008T
ovesLT
818€6T
041181
LLL99T

S'T€806T
£CEC06T
OV

9e¥981T
6£568T
zt

8116491
0v9S9T
059891
0S¥S9T
L06TLT

8'6LT09T 9TST9T
S'€090VT SEEOVT
OAV CT

R 1

SOTERI0 D OISR §

e

TRk 3 PR

P WOS3S 83
| Ay
vEMOAY
8'GT606T 8806181
9v9S6T 8'788V9T STZOLT
9€096T TesIST  vseeet
8ETEBT CeVIST  16ECTET
€VL88T CG6S9T 899691
€0CIPLT 05981
G°L8TL9T 6VEL9T
vE€998T 609661  8S9T6T  €/9TE9T LTILLT
€0S88T €016  ¥8T0LT  TLOZLT  TSPSLT
113 (U2 6 OAY 8
vEMONY
88481 £92008T
viveoe 8°'LPTS9T ¥ov09T
L8V181 £'96¢89T 110V9T
Tesyet G6T6LT  088VLT
vi1e8t S'0COTLT SLL69T
§'608V9T ¥60TLT
€TSLYST LOBVET
8T€98T  G5TC6T  L0€BET  8'8B9EST LL69LT
TOLy6T  S6T/8T V68681  8'TZ0CYT S900VT
113 ot 6 OAY 8
vEM OAY
8'0TZ891 8116491
990691 218291  9Tv89T
8LEELT GEETLYT 899SST
801691 S°02LYST  0£9€ST
169091 89TIVT 191621
€'619EVT 90Z0ST
CTEVLYT 61291
€1998T  €09vST  LL0BET  8IZVOVI 618EET
6559YT  8L/811  TPLOST  €'8VLEVT 8TIVET
113 0T 6 OAV 8

0scert
G299ST
218SeT
685991
09291
[U4474%
9/1291
£092LT
L

191191
£C169T
0S2SLT
£0869T
VEESLT
68CELT
109891
T966ET
L

SL66ST
LLLOYT
v89sT
T66EET
£9CTVT
918/ST
99v0rT
S6LTvT
L

. JESTE T R RTT E)
MNP0 D RESLER F SERCLITC 0 PRINLIPE 0 ASPISTLAG B 7T )
RLBLEER 0 00RO APOLDT0R § GOrICUIZN )

POV (35

9sL2LT
0£99ST
682VST
G6929T
¥88¢LT
OpTELT
6C16ST
9280LT
9

992991
041991
691681
9G€9LT
09€8ST
98Yv9T
T1T0VT
GeTerT
9

v8vor
€5E0VT
8IYYST
GETIST
6v0TET
99TLYT
9858YT
verivl
9

8TEELT
GLS0LT
9€5€8T
9984991
L082LT
TryysT
LETYST
00v69T
S

00TELT
188€LT
18vLLT
8y189T
0S¥vYST
Praciqs
99095T
926SVT
S

$S008ST
9ELSPT
766€ST
G820ST
6S61ST
195221
9188ET
9809ST
S

a1qeL pedydeso jeury

G9ET6T
§TeL981T
8'¥2SE9T
8°020881T
§'1€806T
£°TEE06T
§'9610VT
8'TOLVET
8'6LT09T
§'€090vT
GLGSYST
S'YT0EST
8'GT606T
TC6C8T  L8TSLI
GZEITLT TOVL9T
8'6VSC8T 10L18T
6VL0LT  TSTELT
T8CLLT  ¥ETSLT
€0ETELT TVOSOT
8VSE6LT €T08LT
8'GS08LT SS96LT
ONY ¥
8881
£'9VP68T 086981
8'899€8T T¥9TLT
8°06SVLT LO8YVT
0S849T 879081
868LLT  €TVI9T
S6909T  L96SVT
8'LV999T 6ESSLT
8'V0099T S9€TST
ONV ¥
8012891
8'898€9T TT96ST
8'ETEIST G592ST
6CS6ST  TLSSST
8'G9V/ST 08ZEST
STL6VOT ZTevST
8'GL0OEST vETTST
8°C90Z9T TLSSST
8'6/899T 01091
ONY ¥

STBTLIRE | Ml
EROLETOC) B LTRINESL |
FTZLOE

&
'

o

Srss
99 1 Laania o

k1l

RLCLEMINE 0 DHATASIOT 0 AMLLTLNE © O
PII5HIC 0 CREERSTNG O T086 66K §
QIZP9CL D BOLODE IS D RESECENT) B

pedydei uooid v
(uonezNewWIOU) BIPAL AU} J0 SNAY 8Y1 AQ JAqUINU 18U} BPING '€
(O pue g ‘v SMOI Ul £-Z5d ‘Z-25d ‘T-2Sd 'X3) BLI19Bq YOB3 JO SAIU0J0D 331U} IRIAAY T

898°0

€6CL60

LET9G8'0 LETLYVE'O
9EESLB'0 S90LY6'0
golesak €1 oleou

12€81€°0 SISTOZ'0

MONIaK U] UBBS ‘(M1 B $S0198 ZGd J0 AUOJ0D BUO JO STIaM ¢ 'Xa) sateandal |eojuyaa) afesany ‘T

959061
296041
T8vELT
660591
S169LT
LY6YLT
LTS68T
YEOVST
€

TEVE6T
080£LT
£E9Y8T
8180€T
911E6T
£869V1T
906071
780291
€

§5089T
¥299ST
Z1ov9t
66¥7ST
8S0TLT
6002ST
§5€89T
86€69T
€

JWNOS3S 88 €181 ‘216 sak
WOS3s 89 €1etn “9Le ou
glelem opesak
‘gleiem ojeou

{WOS3S 8g Z 18w ‘oL sak
‘Wos3Isggzie ‘ojeou
g1z1em oLe sak
g1Zem oLe ou

JNOS3S 88 T1eM oLe sak
WOS3S 89 T et ‘0je ou
@11 e ‘oLe sak
:g1riem ‘oleou

<@O0OOowu oI

WOS3s 89 ‘€ 1elL

<@O0O0owu oI

Sumold 210j0g UONEZIBULION Eleq

8980 €62L6°0 adAL pum
LET9S8'0 LETLYVE'O 8ed
9EESLB'0 S90LY6'0 28d
ojesak aleou
WOS3S 89 ‘g 1eul
SL0/68°0 T6vZ86°0  dALpIM
919668°0 18CIT16°0 8ed
T2EL6L0 TT0V98°0 28d
ojesak aleou
WOS3S 89 'z 1euL
6IYY66'0 S8LST'T adAL pum
vI9v16'0 €19ZvT'T 8ed
791868'0 9ELZVT'T 28d
ojesak aleou

WOS3s 88 ‘T 1.l

G'9vEYS
6618E
08¥68
¥206T
€890

8'7CSE9T
8020881
ONY

£8L899T
82¥102
(13

SYree9
GGTSL
6208y
€L619
1x45:c

S'9610VT
8'TOLVET
ONV

€6S4ST
£L696
1

VL8181  T1/8EST
T€T2LT 91evLl
658881  SST98T
6E06LT  90LS9T
9/Tv8T  €0LTLT
8/T181  GS90LT
LTS6LT  TYEOLT
166181  €7S99T
4 T

998981  80SY8T
£56681  T0096T
G6/981 821281
960691  8EB06T
€61641  098LLT
€CerLl  LO9SLT
V4691  TL128T
80SVLT  Z90SLT
k4 T

6C€T9T  08V99T
TL2LST  S0L8ST
TE€6T9T  Z09SST
GE68ST  6VTEIT
99/v9T  OV169T
TLyeYT  88S8ST
8996ST  LS9V9T
T96TLT 066591
4 T

H
9
El
3
a
o)
q
v

WOS3s 84 ‘T1elL

GL'8L19C
V86T
GS0S€E
0ces8z
86¥1C

S°LSSPST  0CTLST
SPI0EST 6v60ST
OAV CT

12€81€°0 SISTOZ'0
LETOEL'0 68SY9E0
£00898°0 T9L9ELD
aeou

ojesak

TSL66T°0 8YLYTZ'0
60C6ST'T ¥85C8S0
G16¥98°0 LOBELE'0
ajeou

ojesak

vEBOYZ'0 €0TLOT°0
6179650 91598€°0
8YIE69'0 EEETVLO
ajeou

ojesak

LETOEL'0 68SYIE0
£00898°0 TILIEL'D
golesak €1 oeou

adAL pum
8ed
25d

g1'eieuL
adAL pIm
8ed
25d
g1z uL
adAL pIm
8ed
25d

71T 1euL

Pazieunou ‘sajuojod a1y} Jo safelany

v EMOAY
GL°22995
€156T
188211
v96eL
€ET0C

669YST
LLEBLT
T

TV9EST  SL66LT
86/881  08¥28T
ot 6

v EMOAY
SL'e9CTY
Eliaad
viese
£560C
eoviL

26611
SEEEVT
1T

08STTT  689TLT
6CSYYT  0L6VST
or 6

v EM OAY
510892
96655
G9ELT
11661
GE6ET

V9615T
9GeYST
T

0€529T  91S9VT
0pPT09T  €T99VT
ot 6

G9vEVS
STToEre
STISYLL
§CT'T2968
B6TCSET
£'G6EEET
£6YSIvT
£rreovt
82Z8TET
ONY

Syree9
§'9zs1e
Entvasd
€°401L02
8'9L6TVT
E€LOVLET
§L°08186
£'8Zr0vT
S9162T
OV

GL'8L19C
STovLIE
EVLES
§'18098
G£'59668
8661001
SL'12€99
SL°EVT86
£'82895T
OAY

adAL pum GL0L68°0
8ed 9196680
25d T2EL6L0
zojesak
adfL pum TSL662°0
8ed 60C6ST'T
25d G16v98°0
zolesak
P
850¥C 69LT 81802
rosze 19718 66126
GESCST  6VST9 89829
L9€19 GELOLT  8EvZYl
6L0E0T  06EBET  GEBSYT
699¥ST  9ISSET  LEOVET
€T0TET  9E00ET  T90LOT
€660CT  2098ST  8ZYOET
8 L 9
G161 66861 s05zT
S668T LLLOE v18LE
16410  ¥60/81  SV88ET
L0T62T  vEESST  TOLLLT
606CTT  VTLEST 668691
9STL6 8028 z8eset
LTyTel  6S80TT  6890VT
906€L 6YSTLT  €8LS8T
8 L 9
20981 LIELT TEEEL
Ly99T oveezT  L8EST
Svv09 aLeeL vLz8yL
78€96 €065 0t1ozoT
L8509 18vSeT  TLL09
8€0TS 29vSL 08L€8
T9€68 €189TT  €99v0T
06/8€T  V0OLL9T  SET9BT
8 L 9

e1RQ MEY WIB] Y

16v286°0
1821160
1101980
21 ojeou

8YLYTT0
8528570
LOBETE'0
2 oleou

8'v0199T

8'7E8EIT

9808491
ojesak

T'06TTLT

SLOTLT

6°€S12ST
ojesak

8'9826ST

920S9vT

€°£98EVT
ojesak

188Y€
VYOETT
EvS18
9€€991
LL2ovT
GL6TYT
9908ST
892121
S

L86ET
ozetL
669002
V9166
LEEETT
10188
8ELLIT
ceves

SELLT
265€5
GEET9
6EVC0T
VLISST
L00¥S
8E1C8
V8SYET
S

adAL pum
8ed
¢ad

adAL pum
8ed
25d

8'9£918T
£°0989LT
6'9v89LT
ojeou
WOS3S 89 ‘g 1eul

adAL pum
8ed
¢ad

£'66698T
E9rveELT
T6rPrIT
ojeou
WOS3S 89 'z 1eul

adAL pum
8ed
¢ad

86291
'959091
8249091
ojeou
WOS3s 88 ‘T el

adAL pum
8ed
¢ad

GL'T299%
SLL16Te
§'9C1IVe
SL09VLS
0v90L

08SLL

€189TYT
G°'8L60ST 08€8ST
026221  LELBTT

ONY ¥

G869€
LLY8T
919/8
0z602
819€T
G8E66

SLE9CTY
GL'€90€T
STYer9T
GZ'08LYS
5'€69€6
G'16698
§'GESL6
B8SBSET  8IST9
8°088S€T ST60ST
ONV ¥

LS6ET
LYS9T
01826
€LS8TT
voves
25166

§'1089C
G'80L6C
G'L6102
GZT'T6SYS
ocees

G'9190%
G'80VSTT
G'ESTYIT T98LET
€2r901T 8vOTLT

ONV ¥

LY80y
60491
LeLeor
€96€L
S69€L
192811

61Yv66°0

v19v16°0

7918680
Toesak

vEBOYZ'0

61796570

8Y1E69°0
ToLeseh

G8LST'T adAL pum
e19zrTT 8ed
QELTYT'T ¢ad
T1oLeOU

panoid syulod € 0s sjeu g
wosas gg 10} 1nduj pedydess

€0T£9T°0  adAL pum
91598€°0 8ed
€EETVL0 ¢ad
T1oLe0U

panoid syulod € 0s sjeu g
g7404 indu) pedydesd

€€'€902S 688LE adAL pum
8TIV6IT ST'09589 8ed
'S0€0VT 9'9ZS8ET 25d
ojesak aleou
g1'eieuL
LT'v20zy TE'ELZ0E  adALpIM
T'L1G29T 80'SLYBL 8ed
89CIZT  ¥'I60ETT 25d
ojesak aleou
g1z uL
£9722LE L1'695GC  adALpIM
18126 89TYT6S 8ed
€TETLOT 8VEVELT 25d
ojesak aleou
71T 1euL

PZIJELLIIOU J0U ‘S3IU0]0D 331U} JO SaZeIaNY

L6E6T
€861
See0T
9€002
28029
TV60ET
00v2ZST
216501
€

vzeoe
18202
G181
90v00T
LSEE6
GS6EL
9vsSYT
09L0€ET

18891
90202
L6STY
9T0¥0T
vveee
0610TT
6LL96
T16LL
€

98015 €0ZVT H
008€  L68YE 9
G9€TS  £2969 4
T00Y0T  €09/ET 3
9TE8TT  ¥BT90T a
69661 OVYEol 2
986951 6YTLET q
8GZIET  €LLSET v
4 1

g1'e1euL
ez £892C H
9697 ¥S9ZE 9
L2687 69808 4
S098L  06ZLL 3
19€8L  ¥BOETT a
$65801  OVV8OT 2
¥8969T  ¥8999T q
TLOSYL  £LL9TT v
z T

a1°z1euL
£296T  €851Y H
¥266T 1966 o
oggle  TIZTY 4
£8609 89668 3
TE08€  GBVET a
LSTS0T 920821 2
26078 T8Z8ET q
vL96L  9E6ETT v
z 1

47T 1euL



6vL86T
ovyeeT
ie1 4924
G8YTI6T
819661

STTL68L €€80TT
S'6S69TT SL6ELT
OAY CT

€'280SLT
651891
999861
TL82ST
£€£908T

£'6802ST 6C€C8
2€920T  €szeTl
OAV CT

vEMONY
PR187499
0€SY0T
Teiest
0Levet
TEOTVT

9E19L 148049 62819
vL6v8 8ISTL TLELET
113 (U3 6

vEM OAY
£'€6EV0T
8v050C
GOTT1Z
056702
0T¥96T

GEETYT  0LVE6T  €T0V8T
16506 €2S0T  TPPS8
113 0T 6

6vL86T
8'8LELTT
GL°S899L
068€9
SLOT0LL
G.28699
§¢2888s
T£9S9
588106
OV

£280SLT
8TSLLLT
8'6VYY9T
8'€69LYT
G'8998TT
TLLOST

6990CT

SC°e0Te8
SL'8L0L8

OAY

h447441
15cz8
jZA4%)
89¢¢8
EVESL
96.87
2€909
16508

TEITLT
25¥981
65881
8L2¢e8
€28Y6T
GEV6CT
vv898
2zres
8

oRss |
eria
fardsa

29LLL
8E8LL
VeLVL
Y199L
09¥59
089v9
S08YVL
v060L

8vTLLT
TeeLLT
8EET6T
8¥¥S0T
Y0SeLT
95099
48598
G9859
L

86796
SYySL
YEV0O9
850TL
£565G
£1€es
G9609
2098L

LISELT
46601
85SY0T
£886L1
505861
82/681
8L196
28528
9

i
srie
OrisE

PO PCE IS

0891
60CTL
85885
L218L
SLITL
ovL89
28299
LS90ET
S

019881
fad94:1%
0€€90T
190901
2529
LSYL6
v0zL8
k144991
S

enei
L5655 1
Fraces o

PRI

STTL68L
G'6969TT
S'e6Y86T
GLL99C2T

£'6€02ST
2e9z0T

G'99606T
SETYYIL

EEIVCET
8'19Z1ET
8'OVSPLT
GL'68919
90059
18469
§'0CovL
SLLo6ezL
€C156
ONV

£'€6EV0C
corect

S'99v6ZT
G'898LET
§'0€€TOT
0T68ET

8'GE08ZT
5825991
€'88¢STT

ONY

53 G0 WusLa
SILEEL NS0 mEere
BE N s fEser g
. . im
PN g1
\ e
21qeL pedydeso jeuy

‘WOS3SAEO T 18w ‘0L sak
IWOS3SARO T 1w 2 L. ou
g1ziemn ‘oLe sak
‘glzienoeou

{WOS3SAeO T 181 d1e sak
{WOS3SOIBO T el ‘9L ou
@11 e oLe sak
g1T e ‘e ou

LT/991  6TTv8 ESVL6
LS0SST  6€SS81  ¥OIV8T
£6909 681E€G 9/619
8850L 881€9 98865
zeiey 26¥89 €L0LL
0c9zL T€0LL SV6S9
YvL0L £180L G9889
0T€L0T 51898 9€€80T
v € k4
vie 0V00ET  8EOLE
ZEVITT 6986 888211
TLOLLT  TTLBL TOvETT
T¥82ET  0£088 82C16
911681  S0¥T6 869801
81108 L6Tv0T  SP8IVT
Teever  SSevvl  SE998T
£0VE6 E€VSZPT 826921
v € 4

87991
Levelt
1060
29€99
LEVY8
98708
S0218
T1€06L
T

WOS3S .0 ‘el

8C1861
19561
182181
€TCL6
Teyest
£22881
€0EL6T
64286
T

WOS3SHe0 ‘T 1euL

vv08S9'T LT6BYC'T

6VLL8°0  £966G50
e €1¥906°0 €v8689°0
[UTE LT zolesak 2y oleou
00 GIIGEE B

——y .

B6SE6ZT'0 €9LVTT0
S0ESLE0 TOL99T'0
69228Z°0 S90E9V'0

zolessk gy oeou

adALpim
(8) onpur pregw
(zg)nsu0d pregw

adALpim
(8€) onpur pregw
(zg)nsuod pregw

TOTVET'T GC8E0S'T
VSV9e6'0 68ZIET'T
v0199°0  ¢68LTET

To1esah TioleOU

panojduiod z os 1eu z Auo
wosas Joy nduj pedydesd

adALpIm
(8€) onpul pregw
(Z5) Wsu02 piregw

adALPIM
(8€) onpul pregw
(25) msu0d pregw

G8/LSLT°0 6S8E0Z'0

82v9T’0 ¢BST'0

€8€S6Z'0 6VTS6ED
Tolesak T3 0JeOU

panoid uiod z 0s 1ei z Aluo
740} Indul pedydes3

80 ouwiarg

8'LE60ST 6'€L09T  adALpIM 14952 Zv'zLy8z  adALpIm
§'96C69  STTEYS9 8ed L9'S6YYL ST'LITTC 8ed
89°08STL SL'€8908 28d 89'9209S 76'69985 25d
ojesak 2]eou ojesak 2]eou
WOS3$>IeO ‘T 1elL g1°21euL
6LZv2LT 90VEVST  adALpIMm 80'6956€ £1'61G€€  adAL PIM
8'LLECYT L'69E9TT 8ed T6'89Y0S  ST'9LT9T 8ed
L9'€8686 T'VBTIET 28d L1'80V9S SZ'886V9 25d
olessk  oleou olessk  oeou
WOS3SIEO ‘T 1enL g1 T et

PazZIIeWIoU 10U ‘S31U0J0d 331U} JO SaFeIanY

pedydein uooid v
(UoneznewHOU) EIP3W BU1 30 SNY BU1 AQ IBGUINU 12U BPING €

(0 pUE g Y SMOI Ul £-2Gd ‘Z-ZGd ‘T-2Gd "X3) BLBI9BQ YIBA JO S3IUOJ0I 931U BIRIBNY T

¥¥0859'T LT68YT'T  dALpIM 659€621°0 €9.v22’0  2dAL PIM
6VLL8°0 LS665S0 8ed S0ESLE'D TOL99T'O 8ed
€1v906'0 €V8689°0 28d 65228Z°0 S90€9V°0 28d
ojesak 2]eou ojesak 2]eou
WOS3$>Ie0 ‘el g1°21euL
TOTVET'T GZ8E0S'T  adALpIM S8£S/1°0 698€02°0  2dAL PIM
SY9e6'0 68TIETT 8ed 28Cv9z’0 ¢6ST'0 8ed <
v01S9°0  T68LIE'T 258d €8ES6C°0 6VTS6ED 28d
olesak ojeou olesak oleou
WOS3S B0 ‘T 1Bl g71°'T1euL
PazIewiou ‘saju0j0d 331y} O SaeINY
moyjah uj usas
v EMOAY
ST'TYI8E SL'9LYOV Sgeevise
H 0S88€ oszee 62L6T 9€L6T
9 rLte orvey SL°6ST6T  8598T
El 6€9SY 8L9SY ST'SrE99 08ITL
El BEVOE £195€ STOTYOT 80€00T
a SGT0V0eS LSzey
o] S'€V8ES  80TCS
k| S'E6VB6T 6S090C  LBEEOZ  TEBYGT  969/81  STLIBES 65019
v S'LL99CT STSLIT 06166 66T0TT  96/6L1  6IVKS V6L1S
OAY C1 113 (U3 6 OAY 8
v EMOAY
§T'9T6V9  G'0EVCS GT'9zev9
H £€918 66099 £86LT 868LT
9 v0LE9 26ves 86LLT 6v6LT
El 80V8E 6L99Y T€ETS 15045
El 096SL fas1444 ST'08V9S ¥ST8S
a §'sescy LSty
o) S§'8291S  11C1S
a S'996061 6v0/8T  806€8T  LIET6T  Z6ST0C  9S¥9S 0£6€9
v SECryoT 689891  LEBEVT  TYZTET  9C0EST  OVIT9 orasior]
OAY CT 123 (U3 6 OAY 8

(o1 & 550198 25 §0 AU0J0D 30 JO STIM  *X3) Sa1eoNda1 1ealuyo3) aBesany T

Bunoid a10j2g Uoneziewson eleq

SL9LYOY
8GL6T 9v86T 9/S6T G§2'999¢C 8LE1T 26612 8L12C L1182
€108T cziet 9v802 SevLeTe SSsTve 18€TC [A*14%4 60012
5629 8V919 66569 G2'9891C /8T1C 76861 89922 6682
€S6T0T  €8YYCT 29968 0S912 60661 T0v02 80861 8Y9C
0vsLS 2eess rios G'ST00C  LOT6T L6061 [ 244 8V912
Lelis] ST61S L8TLS GC'88299 8LL9S SS6vL GSELS S909L
19215 LSTEL 989€S GLTITIS L686Y 9g66Y 99915 281€S
EVreo 15¢es 88115 GL'82S8S 6985 TE5959 TLI9S 61429
L 9 S OAY ¥ € z T
G'0eVeS

VL6LT €528T L08LT SL°T0L8C €VYOS 60v1T 1602 vzoce
SLTLT 09€LT 8048T Ge'sevel Tveel L£68T 98561 9€66T
69L1S LLLOS LeLey G'8STIC  TLE1T 60012 §650C 89912
29075 18595 810LS 86L1€ 61602 [14474 18955¢ 66567
voviy Lovey vseey G2'TLSST SL86T 96661 8850 0esTy
6€80S 86€TS 99025 GC'SIEES 8LY6Y zeeey 9SY1S S0ve9
90veS 86055 0sees S'6TSVS  €6EvS 90€€S VS6ES S9v9S
00veS £607S YYSeES 0TTL8 E9VES Geveet  veees 86CETT
L 9 S ONV ¥ € k4 T

ele@ mey 810 ou W) g

<@mO00owuoOT

g1'z1euL

<@O0O0owuwoOT

47T 1euL



921281
892181
169861
SSYYeT
0ETL9T

S'66L68T 819661
8665881 Z6£20C
OAV CT

vEM OAY
81981
6€510C
resst
Seovit
£6€28T

£98v8T L6088 919981
LLEVLT  9EVL6T  ¥6108T
113 0T 6

9z128T

T8LEST

§'8EEBET
£°6eTS9T
§'€0€T9T
G'6€STST
E£'VL6YST
€TE8TLT
§'0€ZY9T

OAY

£9EE9T
611991
9p1TIT
806EST
TLezet
YE06YT
0€828T
G098LT
8

S808ET
L€9/2T
121991
v99LT
£9€9€T
0S€L9T
1668ST
919941
L

Y0SYST
¥929ST
809291
88/GGT
952191
6ET8YT
(24741
64S8TT
9

9LTE8T
YEEVOT
990041
9/8291
892921
YLESST
VeCILT
ceiest
S

arise b
wuimo
Littw o

PRCITRE OGS D

G'66£68T {WOSIS e T 1eus ‘91 sok
8669881 {WOS3SAeO T1eM d1e ou
8°L1506T g1 e 9Le sak
8'S0VE6T ‘g1riem ojeou
871981

€'€CI88T VIEC8T  ¥6TZL8T  SLVSST
S'8IETBT 09€€61  ¥9809T  89EIBT
€TIEBST 66E€8ST  9TEVLI  0€6LLT
8'L0SVOT €81281  L6V0ST  ¥TTLST
8LLCI9T TTSOVT  86SL81  TE6VBT
S'0L629T L6€TC1  VBI6LT  LOETLT
69004T  LISSET  TVILLT  PLE9ST
€'66ETBT 6S¥88T  080Z6T  0SESBT

ONY ¥ € 4

smen
L il R
Wi

21qe] pedydei9 jeuly

8ZYEVB'0 STLY86°0
9LETY8'0 8655580
LLET98'0 STTE06°0

oLe sak

0TvL6T
289€6T
0o09zzt
£218ST
T90zET
786841
yvzist
8046GT
T

<@O0O0owuw oI

WOS3SHe0 ‘T 1euL

adAL pum
8€d
258d

ajeou

WOS3S (B0 ‘T 1euL

e 0
s o
o

8LSTYS'0

Sv5089°0

966VL°0
olesak

800¥€0°0
V9ETES 0
82E189°0

2eou

L UTEET)
2o
<t}

adfLpum
8ed
25d

71T 1euL

Pazilewiou ‘sajuoj0d 921y} o SageIany

v EM OAY

§2'00086 SLVELYE

€12L6
156011
£88Y0T
75682

8°'LIS06T Z8YL6T
8'G0VE6T 9T9L6T
OAV CT

LTEE0T
19256
06LL6
G958

£8906T
2rozet
T

8E806T
£0086T
ot

uiod T Ajuo s,)1 3ouls safelane Joj paau ou pue "yoea Joj panojd juiod T Aluo os |

uiod T Auos,

2°28009T

8'C696ST

L'8L9€9T
olesak

<

(uoneznewsiou) eipawu a1 4o SNy a1 Aq JaquINU 1eY) 3

B8CYEYB'0 STLYBE'0
9LETYB'0 8655580
LLETIB'0 STTEO6'0

Tolesak T19le0U

B8LSTYS'0 800¥€0°0
GvS089°0 v¥9ETES 0
966v.°0 8ZET89'0

Tolesak TioJeou

8812581  adAL PIM

9°G9ET9T 8ed

96LYTLL 28d
2eou

WOS3S /B0 ‘T 1Bl

adALpim

(8€) anpul pregw
(28) msuod pregw

11 Auo
3eo Joj induy pedydess

adALpum
(8€) onpul pregw
(z8)msuod pregw

29uls sagelane 10} paau ou pue "yoea 10} panod jutod T Auo os e T Auo

1.0} 1ndul pedydess

8pwielg

T'08IE0T £8£'££59  AdALPIM

8'95962T £'99GVTT 8ed

£°088ZYT 8'TLLIET 25d
olesek  oleou

g1°TenL

PazZIleWIou 10U ‘S31U0J0d 331U} JO SaFeIanY

pedydel uoioid v
a°e

(0 pue § 'y SMO1 Ul £-25d ‘2-25d ‘T-2Sd "Xe) B1I10eq 483 JO SAI0J0 B3I} AleINY T

ok uj usas

G2°00086
2Cov0T G088 €EeL0TT  TE6S0T
€'8I690T SV90TT 55866 698901
B'OTBEET 66SEET  TO6LET  LLBLTT
€'0CISCT €90LET  CTE08YT  86T0ST
S0€66CT vZSLVT  GLL8TT  0LSOTT
G'O8SPET 1ZOVCT  809ZYT  EVWTET
890€8T  B'096EVT [L99TVT  6LCCVT  9TESYT
8565817  8'P600ST 0609ST  6928ST  680EST
6 OAY 8 L 9

eleq mey 8Jo wua] g

(01 & $50198 Z5d J0 AUO]0D BUO JO STIaM 7 'X3) Sa1eandal jeojuyaa) afesany ‘T

Bunoid 210j2g UONEZIEWION Bleq

SLYVELYE

8VLETT  8TBOETL vIVITT
Y0E0TT  8'0E8T0T 6589
0€C9€T  G'9TISTT 0290CT
88159 G'96681T LPS90T
€G98CET  [BS60T  STLOTT
VLT6ET  €'96S8CT 9SY6CT
18SEYT  8'LIT6CT 89E9CT
TE6CET  €'G0SLET 9T09VT
S ONV ¥

GLE8TT  €0C9TT  S0E90T
9/1STT  v¥8¥80T  ¥08BTT
048411  0ZYPIIT  9SSOTT
L6S€CT  9ZP6CT  9TVOTT
0€0CTT  96TETT  L6ETOT
€0C/21  S68IET  /[T8STT
9066CT  9/66CT  TT90ET
6V9SCT  TISEVT  SVBPET
€ k4 T

<@O0O0owuwoOT

47T 1euL



S0t
sLet

STT

SLTT
v

(13
ST

8
€T
OAY TT

N T oo

OAY TT

vEMONY
STLT
LT
€Cc
6
0c
9 €T ST
L v LT
113 o1 6
vEM OAY
sge
14
0
T
14
0 0 8
0 0 0
113 0T 6

OV

ONY

© o NOWL®®O - N

6T
LT
9€
€e
1€
0C
9z
124

NNOY oo~ O

[ecai 4
el &
BOSNCE &

©CovTmown oo

wowo©ooooo

000005 &
052y »
Xy 0

4

o BOS IS 0

§0T
6Lzt
SL'S
szot

STT

SLe

szt
Gz'seT
§T'ST

STt

SICHNT 4 s SR 535502 9890 0200070
v ) Lo s 02559 oreeT L Al 22z
;s i s X "o OCCIEE 48 ooy 030008 9
’ » g 1 1. e ) g
PRGN PSS N P g P IEn G
} s 3 way y
@)0e] peqydess jeury
cezzee’t 99esve T adALpum
{WOS3SAEO Z 18l ‘01 sak cE09vL'T 88TTSO'T 8ed
IWOSISOIBO T 181 9L ou 8099€6'T 2602951 28d
:@1z1em ‘o1esak ojesak ajeou
g1z em e ou WOS3SIEO ‘21Ul
{WOS3SAEO T1ew ‘9Le sak ST 8T odAL pum
WOS3S B0 T 1B 2B 0u 5291 €EEEELT 8ed
‘@11 18w ‘o e sok £6€80L°0 EEEEETT 29d
‘g111em ‘0Jeou ojesak oleou
WOS3SAe0 ‘T 1euL
L
9T 8T €1 v H S
23 v ST ot 9 L
4 4 i s 4 L
[ 13 6T £ El 6
Jas 43 0z L a
9T [ 111 v el
13 124 144 Lz q SL'S 9
9T ST s 14 v szot 9
OAY ¥ € z T OAY C1
WOS3Se0 ‘Z et
g'g
8 9 € T H v
9 g v 0 9 6
€ 0 0 T 4 S
€ v 0 9 El 14
0 T 8 0 a
€ 0 4 € kel
v T 9 T q ST 9
T T €1 € v SLE €
OV ¥ € 4 T OV TT

WOS3SHe0 ‘T 1euL

cTeeee’T 99esreT

T€09YL'T 88TTSO'T

80S9€6'T  C60Z9S'T

zolesek z)oleou
SRy
0l
o5a

r
pednern

wan

GEVOET'T 9109290

TG956°'TT 9109290

GEVOET'8 LIELOL'Y

zolesak ziojeou

SEVOET'T 9109290  adALpIm
TG956°'TT 9109290 8ed
GEVOET'8 LIELOL'Y 28d
olesak aleou
4121 uL
999850C v'0 adAL pum
vyyvy've ceeeo’t 8ed <=
EEEEE'LT 8'8 28d
ojesak oleou
71T 1euL

Pazilewiou ‘sajuoj0d 921y} Jo sageIany

adALpIM ST 8T
(8€) anpur preoW 529'T £868ELT
(2S) msuod pregw €EE80L°0 €EEEEST
Tolesek T19leou

adhLpum
(8€) onput preow
(z)wsuoo pieow

panoidiuiod Z os sjeur 7
WOS3S 404 Indul pedydess

adALpIm 955850 ¥°0 adALPIM
(8€) onput peow YYYPYve 222ee0T (8€) onput preow
(zs) msuod pregw EEEEELT 88 (25) msu0d pregw

Tolesak T19le0U

panoidiulod Z os siem g
740} Indul pedydes3

Japeal jua)i8y wa) g

€EEE8'ZT £99T6'GT  adALpIm g9 £9991%'9  adAL pIm
€EEEB'BC L99TV'ET 8ed SL'89 £9991¥'9 8ed
€EEEE'0C L99TE'6T 25d Loy sesy 25d
ojesah 2Jeou ojesah 2)eou
WOS3$)IeO ‘el g1°21euL
€ g€ adAL pum €EEE80E ST adAL pum
sce £9999T°C 8ed £9999°'TG EEEEEVE 8ed
£999TV'T  £99991°E 28d w €e 25d
olesek  ojeou olesek  ojeou
WOS3S B0 ‘T1euL g1 T et

PazZIIeWIou 10U ‘S31U0J0J 331U} JO SaFeIanY

pedydein uooid v
(UoneZnewHIOU) EIP3W BU1 10 SNY BU1 AQ IBGUINU 12U BPIN €

(O pUE g Y SMOI Ul £-2Gd ‘Z-ZGd ‘T-2Gd "X3) BLBI9BQ YIBA JO S3UOJ0D 931U BIRIBNY T

monak ur uaas

v EMOAY
SL L
9 9 8
T 59 €
ot G901 10T
€ L8 ev
GL°29 €S
seor (4
8 6 0 SL'SY t44
(13 ot €T bracig s
1T (U3 6 OAY 8
v EMOAY
SL0 §'S
0 SL°0 4
T € 9
4 SL1E 9z
0 ST'LS 18
99 29
G158 28
0 0 0 gLe w
14 v v ve e
T ot 6 OAY 8

€

it

(o1 & 550198 25 §0 AU0J0D 3U0 JO STIM  *Xa) Sa1eoNda1 1ealuyo3) aBeIany T

Bumoid a10jag uoneziewson eleq

SL
9 L SL'S 9 6 T L
8 6 9 6 6 0 9
1224 00T 9 9 € 8 L
6e e 9 i L 0 9
174 19 sTL S T k11 123
or v o fa4 8y or s
s w GL°0S 514 SS 09 6e
€5 ov 8y 0s ov 18 Sy
9 S OAY ¥ € z T
SL'0
T 0 szT T 14 k4 k4
k4 v ST 0 0 9 0
8¢ e 14 9 0 14 9
85 8% S 14 € L 0
8 L9 14 0 L 14 S
Ly 0s se 8¢ L8 se (>
eV 8z §'9C 9z [x4 [x4 9z
8¢ 6e g'Le se €e o 9
9 S ONY ¥ € k4 T

e1eQ MRY J9peay d1e)d 1us)i8y wisl g

<@mO00owuoOT

€1°z1euL

<@O0O0owuwoOT

47T 1euL



