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ABSTRACT

Modern microbial biodesign relies on the principle that well-characterized genetic parts can be reused and
reconfigured for different functions. However, this paradigm has only been successful in alimited set of
hosts, mostly comprised from common lab strains of Escherichia coli. It is clear that new applications —
such as chemical sensing and event logging in complex environments — will benefit from new host
chassis. This study quantitatively compared how a chemica event logger performed across multiple
microbial species. An integrase-based sensor and memory device was operated by two representative soil
Pseudomonads — Pseudomonas fluorescens SBW25 and Pseudomonas putida DSM 291. Quantitative
comparisons were made between these two non-traditional hosts and two bench-mark Escherichia coli
chassisincluding the probiotic Nissle 1917 and common cloning strain DH5c.. The performance of sensor
and memory components changed according to each host, such that a clear chassis effect was observed.
These results were obtained via fluorescence from reporter proteins that were transcriptionally fused to
the integrase and down-stream recombinant region and via data-driven kinetic models. The
Pseudomonads proved to be acceptable chassis for the operation of this event logger and actually
outperformed the common E. coli DH5a. in many ways. This study advances an emerging frontier in
synthetic biology that aims to build broad-host-range devices and understand the context by which

different species can execute programmable genetic operations.


https://doi.org/10.1101/369967
http://creativecommons.org/licenses/by-nc-nd/4.0/

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

bioRxiv preprint doi: https://doi.org/10.1101/369967; this version posted July 16, 2018. The copyright holder for this preprint (which was not
certified by peer review) Is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made available under

aCC-BY-NC-ND 4.0 International license.

INTRODUCTION

Synthetic biology is built on the concept that complex biological behaviors can be programmed using
relatively simple modules of biological parts. While the field of microbial biodesign has seen major
advances, the overwhelming majority of parts have only been tested in model organisms. To date, we
know little about how even our most standard genetic devices will perform in microbia hosts beyond
common laboratory strains of Escherichia coli or Saccharomyces cerevisiae. This represents a major
knowledge gap and limitation in the field. While useful for the devel opment and demonstration of
capabilities under stable laboratory conditions, these species do not survive well in many real-world
applications. Most traditional microbial hosts have limited metabolic potential, preferring substrates such
as simple sugars that are typically not available in environments relevant to the next generation of
synthetic biology applications such as event detection within soils, built environments or the human gut.
Therefore, programmabl e genetic devices must be expanded into new, non-traditional chassisthat are
already evolved to operate in complex, dynamic environments.

One of the most common biodesign principles is that well-characterized genetic parts— e.g.,
promoters, UTRs and transcription factors — can be reused and reconfigured to program different
functions. Some of the benchmark examples are given by the toggle switch®, repressilator® and previous
demonstrations of integrase-based recording devices®®; al of which were exclusively demonstrated in E.
coli. These devices have laid the foundation for more applied microbial sensor-regulator-actuator devices
that have been devel oped to detect/report signals from the mammalian gut”® and chemical threats™; yet
even these advanced examples relied solely on the genetic tractability of E. coli. Synthetic biologists are
keen to harness new non-traditional hosts such as Psuedomands™*3; yet, successful transplantation of
broad-host-range genetic devices across multiple bacterial species has remained elusive, until now.

Here we present a study that demonstrates how arelatively simple chemical event logger
performs across multiple microbial hosts. We chose to comparatively quantify each component of an
integrase-based sensor/memory device between two Pseudomonas species — Pseudomonas fluorescens

SBW25 (Pf) and Pseudomonas putida DSM 291(Pp) — along with two more standard Escherichia coli
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strains including the probiotic Nissle 1917 (EcN) and common cloning strain DH5a (Ec). The event
detector was expressed from each host as the same sequence on an identical broad-host range expression
vector. Here, we show that chemical event logging device can be ported across multiple species, including
two Pseudomonads that open new chemical sensing/logging applications soil and plant-associated
environments. The performance for each component of the device depended on the host — it was subject
to astrong chassis effect. Hence, study presents a new broad-host range event ogging system, which
advances to arapidly growing frontier in synthetic biology aimed at engineering devices that can function

across multiple species and environments'**°,

RESULTS

The broad-host range device and its components. A two-state chemical event logger was built and
guantitatively compared across each host to determine the chassis effect on performance. The device was
built with specific sensor and memory components (Fig. 1a). The sensor apparatus consisted of an IPTG
inducible P, promoter driving the expression of the Bxbl serine-integrase. The Bxbl gene was
transcriptionally fused to a green fluorescent protein (GFP) to monitor the sensor’ s output. The lacl
transcription factor, controlling the induction of Py, was driven by the constitutive promoter, Pio°. The
memory element had two potential states that depended on the Bxb1 integrase. Theinitial state or * off
state” was maintained be the constitutive Py, promoter in the reverse orientation from its intended open
reading frame, followed by a unique barcode DNA sequence. This construct was enclosed by the attB and
an attP recombination sites recognized by Bxbl. The induced state or “on state” was controlled by the
formation of amature Bxb1 dimer, DNA binding and tetramer formation'®, and the respective
recombination of attB and attP. This process re-oriented the constitutive Py, to drive expression of ared
fluorescent protein (RFP). A permanent digital memory output was stored by the orientation of the
barcode. The performance of the sensor and logger elements were measured by the respective GFP and
RFP signals. The entire device was built into a single contig and cloned into the broad-host-range vector

pBBRIMCS2Y (Fig. 1b).
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96 Quantifying the chassis effect. The device was operational across each of the four species. Performance
97  of each component — sensor and logger — was assayed at eight different IPTG concentrations (0 — 1 mM)
98 by measuring the respective mean GFP and RFP signals (Fig. 2). Total growth was also measured
99  simultaneously via optical density (OD600 nm). The specific growth rates (1) showed that each species —
100  except EcN (u = 1.087 +0.017 h™) — had very similar growth under these conditions: Ec (0.427 + 0.016
101 h'), Pp (0.439+ 0.0436 h™) and Pf (0.508 + 0.019 h™) (Supplemental Fig. S1a). The standard deviations
102  represent the variation in growth rates across al IPTG treatments and ranged from approximately 1.5% to
103  10% of mean values. The induction strength of the device — controlled by IPTG concentration — showed
104  no effect on the specific growth rate. While this indicates that there was little additional metabolic load
105  withrespect to IPTG induction, the plasmid encoded deviceitself imposed a significant metabolic burden
106  on both Pseudomonas hosts. This was apparent from the wild-type growth rates of these species,
107  measured at 0.759 + 0.017 h' and 1.127 + 0.012 h™ for Pf and Pp respectively (Supplemental Fig. S1b);
108  much higher than the respective engineered strains. In contrast, there was very little change in specific
109  growth rate of the engineered E. coli hosts compared to their respective wild-types (0.412 + 0.012 h™* and
110  0.979+0.022 h™ for Ec and EcN respectively). Thiswas likely due to the fact that both Pp and Pf had
111 considerably higher levels of RFP as compared to each E. coli host.
112 The sensor apparatus showed a higher dynamic response to IPTG induction when expressed from
113 E. coli as compared to Pseudomonas hosts (Fig. 2a). Both Pseudomonas species had almost identical
114 responsesto IPTG and a higher degree of basal expression of GFP (measured at in the absence of IPTG)
115  ascompared to each E. coli host. We initially thought that this was due to the natural fluorescence of each
116 Pseudomonas species near the 509 nm maximum emission of GFP. However, fluorescence measurements
117  of the wildtype hosts proved too low to account for this anticipated basal activity. Hence, thiswas
118  attributed to leaky expression P, within both Pseudomonas hosts. The dynamic ranges of the sensor
119  component were much narrower in the Pseudomonas hosts (RFU e Within range of 10000) as compared

120  to Ec and EcN, which exhibited ranges of 20000 and 45000, respectively. This was anticipated from the
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121 design of the device asit used Py, which is optimized for tight transcriptional response and high dynamic
122 rangesin E. coli. However, Ec —acommon cloning strain and chassis for synthetic biology applications —
123 showed the lowest performance with respect to operating the sensor component of the device as shown by
124  the maximum GFP fluorescence achieved (RFU o a 1 mM IPTG of about 20000) (Fig. 2a).

125 While the sensor portion of the device behaved predictably in each chassis, the memory apparatus
126  —measured via RFP fluorescence — performed differently and showed a significant chassis effect.

127  Interestingly, Ec was the lowest performing host from this study, both in terms of dynamic range and

128  maximum fluorescence. In fact, it had a dynamic range and maximum RFU about 24 times lower than the
129  best performing host, Pf (Fig. 28). In general, the memory component performed much better in the

130  Pseudomonas hosts as compared to each E. coli host; Pp and Pf achieved respectively 3- and 6-timesthe
131  maximum RFP fluorescence than EcN (Fig. 2b).

132 Another important performance metric for cross-chassis comparison was the time scale of

133 induction (Fig. 2b). This was quantified by the activation coefficient, which is the time for fluorescence to
134  reach half maximum at a given IPTG concentration'®. These had very different profiles than maximum
135  relative fluorescence measurements. ECN showed the fastest induction time, but was largely flat; the half
136  saturation timeat 0.01 mM IPTG (6.17 £ 0.17 h) was similar to that at 1 mM IPTG (6.26 + 0.32 h). For
137  others, the activation coefficient decreased with increasing IPTG concentration and approached a

138  minimum value at the highest IPTG concentrations. Minimum GFP half saturation timeswere 11 + 0.17
139  h,12.34+0.096 h and 15.09 + 0.22 h for Pf, Ec and Pp respectively at 1 mM IPTG. RFP fluorescence
140  followed asimilar pattern, corresponding directly to induction of Pj,c by IPTG. Thisresult is evidence that
141  theexpression of Bxbl —thus P, strength — was the rate limiting step in the process from induction by
142  IPTGto DNA flipping.

143
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145  Population-based comparisons. Population-level measurements for the memory component of the

146  device showed that while the Pseudomonas hosts exhibited stronger RFP output signals, the stability of
147  thedevice was better in each E. coli chassis. This result was obtained via flow cytometry measurements
148  taken from each host over five time points sampled over 26 h at five distinct IPTG concentrations. The
149  results showed bimodal distribution of each host at the initial time point, prior to IPTG induction. This
150 waslikely aresult from basal levels of RFP expression in a portion of the cells held in the ‘ off’ state.

151  However, while the 0 mM IPTG treatments showed this bimodal distribution remaining essentially

152 constant for Ec and EcN, both Pp and Pf shifted significantly after ~12 h to favor an increasing number of
153  cellsfluorescing RFP signal (Fig. 3). This represents afalse trigger of the event logger after extended

154  periods of time and is consistent with the interpretation of leaky expression of the P, promoter observed
155 by the Pseudomonas-specific GFP-Bxb1 transcriptional fusion signals (Fig. 2a). The maximum

156  performance period of the memory device — as assayed by the time corresponding to maximum RFP

157  signa from the flow cytometer measurements — was between 10 and 14 h for each host with the exception
158  of Pp, which showed a peak at the 26 h measurement. This observation is consistent with stationary

159  growth (post-log-phase), as observed from the optical density measurements. Hence the dampened RFP
160  signa aswell asthe apparent device instability in Pseudomonas was only observed during stationary

161  growth and/or slight losses in cell density by 20 h, as seen for Pp (Fig. 2a).
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Simulations and per for mance metrics acr oss chassis. A kinetic model was formulated to help quantify
how individual components of the event logger performed across each chassis. Similar to the physical
construction of the device the model was broken out into the respective sensor and memory component

categories. The sensor part of model included expressions that accounted for IPTG induction of the Bxbl

(Eg. 1)

(Eq.2)

(Eq. 3)
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173 Therelationship between IPTG concentration and promoter activity is given by Equation 3, where P
174  representsthe activity of P4 It was found that this type of behavior adequately described the

175  fluorescence output from the device. D is the protein degradation constant and | is the specific growth
176  rate, which accounts for dilution effectsincurred by cell growth.

177 The memory component of the device was modeled by Equations 4 and 5, where PB isthe

178  fraction of un-flipped DNA and LR s the fraction of flipped DNA; ki, is the rate constant for integrase-
179  mediated recombination (flipping). We assumed that the plasmid copy number of each host was

180  equivalent and that there existed an un-flipped induction state at the beginning of the experiment.

181
182 ‘Z;f = —kpyip * PB * I* (Eq. 4)
183 LR=1-PB (Eq. 5)
184

185  Therate constant, ki, encompasses three-time steps: 1) the time required for the integrase (1) to form a
186  tetramer; 2) the time required for binding of the tetramer to the DNA (PB) and 3) the DNA flipping event.
187  Theoveral readout from the memory component of the device was given by expression of RFP (Equation

188  6), which isanalogous to Eq. 2 describing GFP, with the exception of the non-inducible tac promoter

189 (Pgep).

190

191 = = Pppp — i+ RFP — D + RFP (Eq. 6)
192

193  Thismodel adequately explained the operation of the genetic device and fitted distinct parameters for

194  each respective host. Thiswas especially evident by the degree to which the model could be fit to the GFP
195  and RFP time series data; each respective output from the sensor and memory components of the device
196  (Fig. 4ab). However, the model’ s ability to capture the dynamics of DNA flipping was variable between

197  each of the hosts (Fig. 4c). We observed significant scatter derived from the qPCR assays that were

11
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198  designed to measure the orientation of the barcoded DNA associated with the digital memory read-out.
199  These datawere collected to determine the fraction of flipped DNA. The noise in the measurement likely
200  resulted from variability the plasmid recovery and purification from each host. Y et, the model still

201  conveyed the overall the pattern for which IPTG induction instigated barcode flipping for each of the

202  hostsand did areasonably good job at fitting most of the data derived from each time series

203 measurement.

204 Overall, the models helped show that the Pseudomonas hosts had favorable kinetics for operating
205  thisdevice despite the fact the genetic parts have been largel y developed and optimized in E. coli.

206  Surprisingly, the simulations showed that Ec — the bench mark chassis — had the most disfavorable

207  kinetics. The probiotic strain, ECN showed the strongest ability to operate the sensor component of the
208  device and was unique with respect to the suite of hosts tested in this study. This could be ascertained by
209  combining the modeled predictions with experimental measurements. For instance, the simulated

210  promoter strength of Py, (see Eq. 3) showed that Ec, Pp and Pf are aligned with similar profiles, while the
211 vauesof P for ECN were estimated to be about 4 times higher for any given concentration of IPTG. This
212 result was consistent with independent and direct measurements of specific growth rates (Supplemental
213 Fig. S1); EcN showed the fastest specific growth rate and should therefore have the highest dilution of
214  expressed GFP protein leading to decreased fluorescence. Y et, ECN also showed the highest fluorescence.
215  Thus, the strength of P, would need to be much higher to account for these opposing effects — as shown

216 by the model.

12
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sensor component asfit by GFP fluorescence data; (b) the memory component as fit by RFP fluorescence; and (c) the
memory component asfit by the fraction of DNA flipped (QPCR measurements). Each simulated time trace (panels a
through c) are overlaid on the respective data typed used to parameterize the model (solid lines). (d) The promoter
strength of P4 (given in the model as P) calculated from estimated model parameters, Pa, Ps and P, plotted against
IPTG concentration. (€) Comparison of simulated kinetic parameters for the protein degradation constant (D); flipping
constant (kqip) and strength of the constitutive P promoter (Prep) compared across each host.

DISCUSSION

Synthetic biol ogists commonly (re-)discover that even the most well-characterized genetic parts often will

not function in a predictable manner when taken out of the context from which they were originaly

characterized. For any given host, this unpredictability can arise from interference between genetic parts

that have been introduced as well as cellular noise inherent to the native biological system™?. Yet, the

degree to which these factors are influenced by the biology of any given microbial species requires that

the same genetic parts be used and compared across multiple hosts. Here, we showed that an identical

genetic device can be ported across multiple microbial species and that its performance is host-dependent.

We chose to deploy arelatively simple event logger and experimental design, which has enabled this
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227  study to demonstrate emerging capability of broad-host-range genetic devices. Whileit is clear that more
228  species and devices need to be tested before a broad-host-range capability matures, this early step isan
229  important contribution towards alleviating our current dependency and limitations on very small subset of
230  model microbes.

231 Despite the fact that E. coli DH5w isacommon tool for the design and implementation of modern
232 genetic devices, we found that in many ways it was the least ideal host tested in this study. In fact, a

233 primary finding was that — compared to Ec — the two Pseudomonas species (Pp and Pf) showed

234  reasonable potentia as chassis for chemical event logging even though the majority of previously

235  published reports on the parts used to build the device have only considered E. coli**® %, Thisisa

236  promising result as these and closely related Pseudomonads are known to have tremendous metabolic

237  potential for the synthesis of novel compounds™?®, consuming complex substrates™ and persisting in a
238  widerange of habitats that include soils, plant tissues and marine ecosystems™?°. Expanding the synthetic
239  partslist for Pseudomonas species will undoubtedly enable new biotechnological applications that should
240 include chemical sensing and event logging in complex natural environments.

241 E. coli Nissle 1917 was also chosen for comparative analysis in this study because it served as an
242 intra-species comparator to Ec. It was aso chosen because of its growing importance in the biodesign

243 community based on the fact that it is a commonly used probiotic® and highly genetically tractable.

244  Researchers are rapidly uncovering many exciting opportunitiesto use ECN and other probiotic-hosts as
245  programable therapeutic agents and/or diagnostic tools for human health®. In some cases, differencesin
246  intra-species performance — within E. coli strains— exceeded inter-species variability. This was somewhat
247  unexpected and specifically evident from comparisons made on the sensor component of the device,

248  which performed better in ECN as compared to Ec and both Pseudomonas hosts. This was specifically
249  evident by comparing the kinetics associated with the sensor apparatus and indicates that ECN maintained
250  thetightest control and largest dynamic ranges of the IPTG inducible components of the device.

251 Kinetic parameters estimated from the model provided a good quantitative comparison of

252 biological properties that cannot be easily measured (Fig. 4€). For instance, the degradation constant, D, is
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253  found to befairly similar in al the hosts, which is hardly surprising considering the standardized growth
254  conditions and similar growth rates. Estimates of the flipping rate constant (ksip), however, were highly
255  variable. In contrast to D, which ismore indicative of cellular physiology, kqi, is more representative of
256  thedevice-specific kinetics. This parameter depends on a number of biological factors such as codon

257  usage, transcription, translation, protein folding as well as the efficiency of Bxb1-mediated

258  recombination. Based on the model -enabled predictions, ECN stood out with avery small kg, values,

259  about 89 times smaller than the largest value attributed to Pf. Its high transcription rate (given by

260  estimates of P) and low kg, account for the observation of fast DNA flipping after initial induction

261  followed by relatively immediate saturation (Fig. 4c). The kg, values of Ec and Pp are moderate but the
262  reason for the higher value of Ec relative to Pp is still somewhat uncertain since the fraction of DNA

263 flipped is higher in Pp than Ec. The fourth parameter, Prep, is the measure of the strength of Py, promoter
264  and variesin the same way as RFP fluorescence. This promoter was actually found to work better — as
265  assayed by the strength or RFP fluorescence — in the Pseudomonads than E. coli species.

266 Integrated data and kinetic modelling approaches are useful for quantifying and comparing

267  performance across hosts. One limitation, however, was that our approach contained few species-specific
268  physiological parameters. The exception to thisis the specific growth rate (u). Although the hostsin this
269  study all showed similar growth rates, the specific growth rate should prove to be an important

270  consideration when evaluating the performance of a device as hosts and growth conditions change. It was
271  asointeresting that we were able to observe and simulate dynamics in the device' s performance while the
272 cdlswerein stationary phase. Often, experimental observations made on engineered devices are only
273 contextualized during log growth phases. However, future applications such as chemical event logging in
274 dynamic environments will be better served by understanding how chassis/device pairs may function

275  through lag, log and stationary phases of growth. Thisis a point that shall require more deserving

276  attention in future studies.

277 Thefield of microbial biodesign is keen to harness new, non-traditional hosts for synthetic

278  biology applications. Some significant advancements towards programing genetic devices —including
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279  sensors— have aready been shown in other non-traditional microbial hosts. Of specific note are previous
280  success shown in ahuman gut microbe Bacter oides thetaiotaomicron® and a suite of protecbacteria

281 isolated from a bee gut microbiome™. Herein this current study, we have advanced an emerging concept
282  of broad-host-range genetic devices. Whilethisis certainly a new frontier, some notable examples have
283  preceded this current report including a study by Kushwana and Salis that that presented the concept of
284  “portable power supplies’ between species and demonstrated that some genetic parts can ported between
285  E. coli, P. putida and Bacillus subtilis™. Another important avenue has been the pursuit of broad-

286  spectrum genetic parts such as the promoters presented in a study from Y ang et a. that are operational
287  between E. coli, B. subtilisand S. cerevisiae®. The efforts to date — including our current study — have
288  only considered arelatively small set of microbes. Future devel opments on cross-chassis devices may
289  encounter new technical hurdles as the taxonomic diversity of hosts are expanded. Once harnessed, the
290  concept of broad-host-range genetic devices should also bring new species-specific-applications. The
291  major technical hurdle that will need to be overcome for devel oping chemical sensing capabilities will be
292  thediscovery or engineering of genetic components with specificity for analytes of real-world interest.
293  Thecurrent suite of commonly used transcriptional factors and inducible promoters are clearly limited.
294  New parts discovery and characterization efforts are sorely needed to advance the current state of

295  microbial biodesign.

296

297  Conclusions. We quantified the chassis effect of an integrase-based chemical event logger across

298  multiple species and two different Genera— Pseudomonas and Escherichia. The performance of sensor
299  and memory components changed according to each host as ascertained via integrated experimental

300 measurements and outputs from kinetic models. Specifically, ECN —acommon probiotic bacterium —
301  showed thetightest control and most stability of the sensor apparatus that regulated expression of the
302  Bxblintegrase. Both Pseudomonas hosts showed greater RFP output signals that corresponded with

303  Bxbl-mediated recombination in the memory component of the device. A primary finding of this study
304  wasthat — compared to Ec — the two Pseudomonas species (Pp and Pf) showed reasonable potential as
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305 chemical event logging chassis. This study advances an emerging frontier in synthetic biology that aims
306  to build broad-host-range devices and understand the context by which different microbial species can
307  execute programmable genetic operations.

308

309 METHODS

310 Bacterial strainsand cultivation. The bacterial strains used in this study includes Escherichia coli

311  DH5ua (New England Biolabs), Escherichia coli Nissle 1917 (isolated from probiotic Mutaflor capsule),
312  Pseudomonas fluorescens SBW25 and Pseudomonas putida DSM 291 (DSMZ). All bacteriawere

313 culturedin Lauria-Bertani medium at 30 °C.

314

315  Transformation. E. coli DH5a was transformed using standard chemical transformation protocol. For the
316  other species, electrocompetent cells were prepared as follows: overnight cultures were diluted 1:100 into
317 200 mL LB medium and grown to OD600 nm of about 0.3-0.4 (mid-log phase); cultures were harvested
318  and spun down in four 50 mL centrifuge tubes at 5000 x g and the supernatant was discarded; cell pellets
319  wereresuspended in 15% glycerol, combined into one 50 mL centrifuge tube and collected via

320  centrifugation at 5000 x g. Thiswash cycle was repeated twice and the final cell pellet was resuspended
321 in1mL 15% glycerol for electroporation. The cells were then transformed by el ectroporation at 12500
322 V/em (200 © and 25 pF) in 1 mm cuvettes. The entire protocol was successfully carried out at room

323 temperature as outlined in the Tu et al. 2016 study®. The efficiency, in general, was found to be higher in
324  theroom-temperature methods than in conventional ice-cold methods.

325

326  Platereader and cytometry assays. For each bacteria, three positive transformants were grown,

327  passaged twice at 30 °C and then assayed in a 24-well plate at eight different IPTG concentrations (O,

328 0.01, 0.05, 0.1, 0.2, 0.5, 0.8 and 1 mM). Each well of the plate contained 1.8 mL LB + kanamycin (50
329  pg/mL) + IPTG. A Synergy H1 (Biotek, Winooski, VT) was used as the fluorescent plate reader for all
330  assays. 1 pL sampleswere collected from each of the wells at various stages of growth and analyzed via
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331  flow cytometry (Novocyte, ACEA biosciences, San Diego, CA). Simultaneously, 100 pL samples were
332 asocollected and frozen at -80 °C. Plasmid DNA was later extracted from the frozen samples and used
333  for real time gPCR assays to measure the fraction of device flipped.

334

335  Real time quantitative PCR. Real time PCR was performed by ARQ Genetics LLC (Bastrop, TX) on
336 theBioRad CFX384 Real Time System (BioRad, Hercules, CA) using assays specific for each plasmid.
337  All of the plasmid DNA was extracted with a Zyppy — 96 Plasmid Miniprep kit (Zymo, Irvine, CA)

338  following the next steps: al of the stains were grown at 30 °C and harvested at 3-5 h intervals; the DNA
339  wasquantified by performing PicoGreen assay on the Biotek Synergy H1 (Biotek, Winooski, VT) and
340  reactions were diluted to matching concentrations. Each reaction well contained 5 puL of TagMan

341  Universal Master Mix Il (Applied Biosystems, Waltham, MA), 2 uL of each sample template and 0.5 uL
342  of each specific plasmid assay in areaction volume of 10 uL. Cycling conditions were as follows: 95 °C
343  for 10 min for polymerase activation, followed by 40 cycles of 95 °C for 15 seconds and 63 °C for 1 min.
344  Dataanalysiswas performed using CFX Manager software from BioRad, version 3.1. The experimental
345  Cq(cycle quantification) was calibrated against the standard curve for each plasmid orientation.

346

347  Numerical simulation. The system of ODES were solved numerically using the ‘ deSolve’ package® in
348 R*®. The results were fitted to experimental datato estimate the five kinetic rate constants (Pa, Pg, Pc, D
349  and kqip) for each of the speciesin the model. The specific growth rate () was calculated from measured
350 OD600 nm at each time point and given as an input to the numerical solver.

351

352  Reproducibleanalysis and data deposits. The raw data for this study along with and the sequence

353  information for the genetic construct pB2lacBxb1G-R (shown in Fig. 1b) are available from the Open
354  Science Framework (OSF) under the name “A broad-host-range event detector: data and models’” (DOI

355  10.17605/0OSF.10/J295C) at https://osf.io/j295c¢/. This OSF project also contains the R Markdown scripts
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that can be used to reproduce all of the analyses, statistics and technical graphs presented in this

manuscript.
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FIGURE LEGENDS

Figure 1. The broad-host range event logger and its modes of operation. (a) Expression of the Bxbl
integrase was controlled by the P, promoter and respective IPTG concentrations. Mature Bxb1 proteins
dimerize and bind to DNA recombination sites (attB and attP). The dimers on the two ends of the
recording element join to form a tetramer in a synaptic event that folds the DNA in the process. DNA
strands are exchanged when Bxb1 monomers trade positions, flipping theinternal region, which contains
both abarcoded digital recorder and a constitutive P, promotor. The new sites, attL and attR —formed in
the process of DNA flipping — can no longer stay attached to the Bxb1 dimers because of altered
sequence, therefore release the dimersin an irreversible digital recording process. GFP and RFP reporter
genes were transcriptionally fused onto the IPTG inducible sensor and recording recombination sites. (b)
Map of the device with the sensor and memory components cloned in place of the lacZ gene on the

pBBR1MCS2 broad-host-range vector.

Figure 2. Quantifying the chassis effect. (a) The top four panels represent cell growth (OD600 nm), at
different IPTG concentrations, of E. coli DH5a, E. coli Nissle 1917, P. putida DSM 291 and P.
fluorescens SBW25 from left to right respectively. The middle row of graphs represents the fluorescence
output of the GFP reporter that was transcriptionally fused to the sensor element; the bottom row
represents the fluorescence output from the RFP that was fused to the memory component. (b) The
maximum GFP and RFP fluorescence at different IPTG concentrations. (c) The activation coefficient

shown as half-saturation times of GFP and RFP at different IPTG concentration (> 0 mM IPTG).

Figure 3. Population-based measurements of RFP reporting of signal recor ding acr oss hosts. (a)
Escherichia coli DH5a., (b) Escherichia coli Nissle 1917, (c) Pseudomonas putida DSM 291 and (d)
Pseudomonas fluorescence SBW25. The rows in each of the panels correspond with sampling timesin
hours and columns are the IPTG concentrations given in mM. Thefirst row in each plot shows data from

the induction state from each experiment (0 h).
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488

489  Figure4. Compar ative kinetics show chassis-dependent per for mance. The model outputs (dotted
490 lines) of (a) the sensor component as fit by GFP fluorescence data; (b) the memory component as fit by
491  RFPfluorescence; and (c) the memory component as fit by the fraction of DNA flipped (QPCR

492  measurements). Each simulated time trace (panels a through c) are overlaid on the respective data typed
493  used to parameterize the model (solid lines). (d) The promoter strength of P, (given in the model as P)
494  calculated from estimated model parameters, Pa, Ps and Pc, plotted against IPTG concentration. (€)
495  Comparison of simulated kinetic parameters for the protein degradation constant (D); flipping constant

496  (kaip) and strength of the constitutive P, promoter (Prep) compared across each host.
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