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Synthetic ecology for quantitative prediction of anti-comtamination

strategies in biofuel-producing cultures of Synechocystis PCC 6803

jet fuel precursor.
ed laurate yield correlated w
consumingsheterotrophic bacteria (¢
- We hypothesized that addlng salt,
allowing Synechocysti ' ' ield. :

-We used statistical modeling to generate and test quantitative predictions of heterotrop yonse o levels of
added salinity, alkalinity, and the antibiotic kanamycin in rich media (I'B broths) and also i cultures.
- We hypothesized that Defined Consortia made from diverse scavenger isolates can be used tc BR
contaminome under controlled reproducible laboratory conditions. '
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36 .. 5 Middle: Heterotroph ates with diverse colony.
e phenotypes were selectC@lto generate Defined
Consortium 1and 2, repreS@nting diverse phyla
across the naturally occurring PBR contaminome.
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1g. 2: Design and Regressm

eft; Central Composite Design was ch en
0 generate surface response model. Levels of
additives were determined empirically to
encompass the entire sample space
biocompatible with our Synechocystis mutant.
A total qf 17 conditions were generated from
this design: 8 conditions from full factorial
(2°), 3 center points, and 6 axial points.

Coded
Levels

Uncoded
Levels

Right: Regression and one surface response
mode‘ generated from Defined Consortiim 1
in rich media. Regression p-value < 0.0001;
R-squared pred. of 83% for raw data (not
normalized or transformed).

Regression (coded units):

Y = het OD = 3.28 — 1.36(salt) — 0.75(kan)
— 0.16(pH) — 0.44(kan?) + 0.31(pH?) —0.22(salt*kan)

The main effect for pH was not statistically
significant (p-value = 0.072).
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Fig. 3: Model Accurately Bfedicts Growth of Diverse

Consortia in Rich Media. ,

Four model predictions of Consortium 1 growtﬁ at 24 hours (blue
bars;Maximum OD,,, Minimum OD,,,, OD¢y = 3.0 and OD,,, = 0.01) were
generated with 95% confidenceantervals. These predictions were tested using
Defined Consortium 1 (red bags) and a second, novel Defined Consortium 2
(yellow bars), comprised of additional unique 40 heterotroph 1solates. Finally,
two Undefined Consortia wete tested (purple bars). These Undefined Consortia
were generated by sampling 1.5 liters of Tempe Canal Water (in January and
August) which was then propagated in LB plain broth to create the inoculum.
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Results II: Additives protect laurate for 72+
ho delibere contaminated cultures

0 M NacCl, 0 ug/mL Kan, pH 7.5

Sy ( 0CY
orner Left: Ax nechoc
phase) werg spil 2d with sodium laurate to 100 mg

1lat Defined Consortium 1 (left) or

ppm), and inoculate
_(Wigure 5, below) at a starting
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quantify laurate via FID-C
by plating (left) or flow cytc
Right: 16s Illumina sequence ¢
: Defined Consortium 1 inocula repliea
DC1b), and replicates of negative co
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Fig. 4B: Treatment
0.6M NacCl, 200 ug/mL Kan, pH 8.73
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Results lll: Mete
m core’ of trait

Treatment K10548 Control

K03313

Other

) (03313 (03313 K03316 Actinobacteria, Arthrobacter
Key for mechanism of

KEGG trait markers K03316 K03316 K03316 K03455 K10112

s NaCl K03455 K03455 K03455 K05565 K03313 K03316 K03313
NaCl,

pOH K05565 K01546 K05565 K01546 K03455 k03455 k03313 k03313 k05565 k03316
Nacl
orter  pOH K01546 K02108 K01546 K02108 K01546 K03455 k02108 K03316 K03316 K03455 K03455 %
er  pOH K02108 K02113 K02108 K02113 K02108 K02108 K02113 K01546 K01546 K03316 K01546
(o)
Kan K02113 K18095 K02113 K18324 K02113 K02113 K18145 K02108 K02108 K02108 k02108 °

Gamma-proteob., Acinetobacter
Gamma-proteob., Providencia

Gamma-proteob., Serratia

Kan. phosphatase Kan K18095 K19300 K19300 K19300 K19300 K18145 K19300 K02113 K02113 K02113 K02113

B Gamma-proteob., Pseudomonas
OTU:  Achromo-  Pseudomonas Arthrobacter Serratia Ochrobatrum i S
bacter i oTU 2

(Beta-proteo-  (Gamma- ctino-  (Gamma- a-proteo-  (Gamma-  (Gamma- roteo- (Gamma-proteo-
bacteria) roteo- bacteria) roteo- acteria roteo- roteo- acteria, oidetes acteria bacteria)

B Beta-proteob.,
Comamonadaceae

oTU B Alpha-proteob., Ochrobactrum

abundance
per samples: DC1 TR 1+2 UC1TR 1+2 UC1TR 1+2 UC1 TR 1+2 UC1 TR 1+2

quence and PICRUSt
mprehensive list 0fil 7 KEGG ort

93.4+/-1.1% 26.8+/-3.8% 27.7+/-6.0% 16 +/-7.6% 12.0 +/-10.8 57.3 +/-9.2% 37.0+/-4.2% 24.6+/-1.6%  21.9+/-12.0% 18.7+/-3.8% 12.9+/-0.6%

: UCLNC1+2 DC1 NC 1+2 DC1 NC 1+2 UC1 NC 1+2 DC1 NC 1+2 DC1 NC 1+2 TCW ucCi NC1

etagenomic prediction of KEGG trait markers

olog trait markers (not shown) was curated via literature review and PICRUSt

br relevance to additives: for example, markers for tolerance to NaCl include NhaA (K03313), a soditim:proton
lerance to NaCl ar@shown 1n shades of orange according to molecular mechanism; alkalinity tolerance in tan, and
For each of the ablindant phyla shown 1n the 16s bar charts (above right and Fig 4), PICRUSt data for marker
that all Treatment phyla contained at least 7 markers covering all three additives (the ‘minimum core’), whereas
kers and lacked matkers for 1 or more additive. Therefore, phyla are sorted both by type and abundance of
independent of 1688OTU 1dentity.

Figure 5: 16s Illumina s

To predict function of Consortia, a
library search. Markers were chose
antiport protein. Markers conferring
antibiotic tolerance in blue (above lef
genes 1s reported (above left). We fou
negative controls had no more than 6
markers 1n treatment v control conditio

Conclusions:
ecology of PBR

- Presence of salt, alkalinity and kanamycin prc

- Metagenomic function and community struct
minimum core of adaptive traits.

- Future testing by adaptive trait marker gene ex|

- This finding informs a genetic-based strategy g
mechanisms (for example, a single anti-porter
contaminant mitigation).

- Proof of concept established for new research pla

stat and automated OD data logger for kinetics; a

ts laurate by suppres
consistent with hypot

g contaminant growth in Synechocystis supernatants.
sis that PBR contaminome comprised of guild of unrelated bacteria with a

sion measurements and additional diverse Consortia replicates.
oosing better combinations of additives by avoiding those with overlapping resistance
er can confer tolerancéito both NaCl and alkalinity, which 1s sub-optimal for maximum

of quantitative synth€tic ecology of PBR contaminome. Future improvement by adding pH
idditional additives and €@ontaminant Consortia categories (eukaryotes, phage).
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