Ur;:zﬂg ‘ CANADIAN PRAIRIE BIOSCIENCES
e BIOFIBE2015

POLYHYDROXYALKANOATES (PHAS):

BIODEGRADABLE POLYMERS FOR INDUSTRIAL APPLICATIONS
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BIO-BASED PLASTICS

“Human-made or processed organic macromolecules derived from biological
resources and used for plastic and fibre applications”

REUSE

¥

. -
= i
A o
& Y

& o© ENERGY AND

S F'QDD'._JC";C" ORGANIC RECOVERY
@
eMERC )
4
':" &
, 3 0 £l
Glop psTIC % > 40, coN®
), .
9]
%
,_:}
,_:",.
BIOTECHNOLOGY AMD "'.::\ INPUT FOR
CHEMISTRY o PLANT GROWTH
i Uu"'h,l-.h -_J.
a! HUM‘__».,' o~
=
<, . -
LY L9 EXTRACTION It e
STARCH LE RES

bmtﬁ 5 Supported by Western Economic i+l
ALBERTA'S VW/fi 9 LSAM Diversification Canada. ‘ anad
Manitoba

glOECONOMY AgWest Bio




CANADIAN PRAIRIE BIOSCIENCES
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Bioplastics production capacities 2012 (by matenal type)
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non-biodegradable) i13.7% Biodegradable

............................................. polyesters
Bio-PA  74% .

_________________ { 711.4% Biodegradable
Bioc-PE 14.3% starch blends

Bio-PET30 38.8% ™, in % -/ / 24% PHA

", total: 1.4 million { {708 Regenerated
", tonnes cellulose*

/0.5% Other
P (biodegradable)
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Biobased /non-biodegradable 56.6%6** Biodegradable 43.4%%

PA, Polyamide; PE, Polyethylene; PE,. Polyethylene terephthalate;
PLA, polylatic acid; PHA, Polyhydroxyalkanoates
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Polyhydroxyalkanoate (PHA):

« PHA are natural polyester polymers synthesized
« 100% biodegradable,

« Bacterial can be genetically modified to enhance

biocomposite materials o)

Biodegradable Plastics from Bacteria

by bacteria

 Physical properties are similar to conventional petro-plastics.
 Polymer composition can be tailored into different industrial applications
« Can be produced from agro-industrialwaste streams

the polymer production.

« Represent a potential platform for bioplastic,bioresins fine chemicals, and
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Poly(hydroxyalkanoates), PHA
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PHYSICAL PROPERTIES OF PHA POLYMERS

The differences in R-groups greatly affect the final physical, mechanical, and
thermal properties of PHA polymers

PHA Poly(propvlene)
scl-PHA  mcl-PHA  Icl-PHA
Crystallinity [%] 40-80 2040 ? 70
Melting point [°C] 80—180 30-80 - 176
Density [gem™] 1.25 1.05 ? 0.91
Extension to break [%] 6-10 300450 — 400
UV light resistance good good good poor
Solvent resistance poor poor poor good
Biodegradability good good good none
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Screening for PHA Producing Bacteria

Method: Enrichment

Inocula: Sewage sludge and hog barn wash
Medium: Thin slurry, wet cake or DDGS as sole a carbon source

Results: 45 isolates screened on plates containing Nile Red dye
Observed under UV light. PHA producers gave bright fluorescence

be'{% B '\ A ’ Supported by Western Economic
ALBERTA'S A /‘J ‘ !:e?oﬁeM Diversification Canada. an a a
Assoc

loEcCONOMY  Ag-West Bio

iaton of Manitoba




Erﬂ:zﬂg ‘ CANADIAN PRAIRIE BIOSCIENCES
= BIOFIBE2015

Characterization of P. putida isolates

- P.putida B6-2
| P.putida DOT-T1E
89 {h P.putida TRO1

* 16S rDNA analysis identified several isolates as % plputida Lsss €———

59 H P.putida F1

Pseudomonas putida ffj( | Epiaa nws

100 | P.putida BIRD-1
76 |~ P.putidaldaho

L P.putida KT2440
P.putida B0OO1 :

* Phylogenetic analyses of 16S rDNA sequences ol PputdasooL:
revealed relationships among isolates and - o F montalii S8507

99 100 P.putida S16

known SpeC|eS 100 L( P.putida PC9

P.putida MO2 E———

P.putida HB3267

* Two strains with high levels of PHA synthesis o o L P e

L P.putida H8234
P.putida W619

——

P.entomophila L48
99 P.putida MTCC 5279 :

are indicated by red arrows 100 o

— P.putida CSV86

P.fulva 12-X

88 100 ——— P.mendocina NK-01
86 ‘ P.mendocina ymp
71 P.stutzeri A1501
93 P.resinovorans NBRC 106553
100 ——— P.aeruginosa PAY
L P.aeruginosa PAO1
96 P.syringae pv. tomato DC3000
100, P.putida UW4
‘ P.fluorescens Pf0-1
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Phylogenetic Analysis of P. putida strains using cpn60

70, P.putida TRO1

- cpn60 can differentiate closely related strains better o
than 16S rDNA P.putida B6-2

P.putida LS46 €——
P.putida SJTE-1

* Phylogenetic analyses of cpn60 sequences P.putida ND6
. . P.putida KT2440
revealed that several strains previously 88 P.putida daho
considered to belong to P. putida are actually i
- ~ " _ 94 P.putida BIRD-1
more closely related to P. monteilli strains 0 P.putida GB-1
P.putida B001
99 P.putida NBRC 14164
Y I 100 P.putida H8234
P. putlda_M.OZ, therefore, now called  peudomonas sp.FGHa2
P. monteilli MO2 100 [| P-monteilii SB3101
P.monteilii SB3078
67 | 10-)’—{ P.putida S16
 Phylogenetic analyses with several ,Sq P.putida PC9
. . ] P.putida MO2 <€—
other genetic targets confirmed this o P.putida HB3267
. Pseudomonas sp.VLB120
result: rpoA, rpoD,_gyrA, gyrB, dnad, ol o oo Wt
phaCl, and concatinated genes of P.putida NB2011
P.putida MTCC 5279
cpn60, dnad, gyrA rpoA, and rpoD P.putida CSVa6

P.putida UW4
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Genome Sequence Analysis of P. putida LS46

Genomes of Strains LS46 and MO2 where sequenced

Strain Pseudomonas putida LS46 | Pseudomonas sp. MO2
Genome Size (bp) 5,862,556 6,240,608
% GC Content 61.69 % 61.96%
# Genes 5,316 5,970
# CDS 5,219 5,895
#5S RNA genes 3 2
# 16S RNA genes I 1
# 23S RNA genes 3 1
# tRNA genes 74 69
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Pangenomic Analysis of 10 P. putida strains

Pangenome analysis of 9 P. putida strains with P. putida KT2440 as a reference.
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P. putida LS46

 Mcl-PHA production by P. putida LS46 grown on different substrates

« Cell mass, mcl-PHA content, and monomer composition from P. putida LS46 grown on
different low cost carbon sources in bench-scale batch culture experiments.

 Polymers of different monomer composition synthesized when the bacteria are grown
on different carbon sources

Mcl-PHA Biomass Monomer composition (% mol fraction)
(wt%s) (g/L)
Substrates
Cceé C8 C10 c12 Ccl14
Glucose 20.5 3.3 1.1 14.7 68.9 A 6.3 N.d.
Glycerol 17.4 3.6 5.1 28.6 60.3 5.3 0.9
Biodiesel-derived Glycerol 15.3 3.3 9.2 28.2 57 1 4.9 0.5
Decanoic acid 33.7 1.5 4.5 47.5 46.6 1.3 N.d.
Biodiesel-derived 58.5 28.5

Free Fatty Acids 28.8 4.6 4.9 6.2 0.7

Waste Fryer oil . i 23.8 6.9

Octanoic acid
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Potential Applications: Tailor made PHAS BIGRBESV

Monomer composition and molecular weight of PHA determine the thermal and
mechanical properties of the polymers

Many factors influence polymer composition:

Bacteria: _
C. necator: Class | PHA Synthase scl-PHAs (R =1)

P. putida: Class Il PHA synthase \ / mcl-PHAs (R =1 to 11)
Q.

Carbon sources: I Unsaturation; Aromatic
. —== — O—CH-CH,—C1— - Halogens; Carbox
Functional side chains i 2 7 0 dr?)x . Bh YE _
R n ydroxy; Phenoxy; Epoxy;

Methyester, Etc...
Poly(hydroxyalkanoates), PHA

Novel bacteria: / Novel PHAS: scl-mcl-PHA

New isolates or genetic modifications (Co-polymers)
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Presence of unsaturated subunits suggest potential for crossing-liking

Cross-linking will increase tensile strength and melting temperature

Substrate Monomer composition
% C6 % C8 % C10 % C12 % C14 % C12-1 % C14-1
Waste Fryer Oil 6101 54907 27608 45+04 3.1+0.9 1.7+ 0.3 2107
Canola Oil 6.7+1.2 518+28 29.7+09 5.6%0.7 25%0.3 1.6 £ 0.1 1.9+ 0.6
Corn Qil 95+39 527+1.7 264%21 34+04 0.9%+0.3 43%+1.0 3.0+1.3
Bacon Fat 8.3+22 531+52 28.0+38 54+1.7 1.9+1.3 1.6 £ 0.7 1.6+ 0.5
Soybean Oil 10.0+0.8 521+16 258%1.0 3.7%0.7 0.9+0.2 45+ 0.5 3.0+0.9
Biodiesel-
derived 40+04 328+20 574+13 23+09 02#01 [33%07  nd.

Waste Glycerol

NCES
2015
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Changes in Gene Product Expression Levels In
P. putida LS46 grown on FFAs vs Waste Glycerol

[ Mid-log culture: REG-80/ffa VS Pure glycerol }

Fatty acids Glycerol

[ Up-regulation
00000000000000000( 00000000000000000000000000000000000000000000000000000000000000000 DO 00000000000000000000000000000000000

0000000000000 0000( 00000000000000000000000000000000000000000000000000000000000000000 NO000000000000000000000000000000000000000 B Down-regulation

SfadlL.
TN-Fatty acids Dihydroxyacetone-P
Fatty acid-CoA 3-ketoacyl-CoA I
Glycolysis
Setacoxidationy! Acetyl-CoA Glyceral:dehyde—?) -P
Trans-2-enoyl-CoA 3(S)-hydroxyacyl-CoA V acetolactate
\ synthase x2 )
\ Gac/R Pyruvate =—— Rcetolactate ------- = Valine
ac/Rsm

[phaJl/J3/J4 ]

mCI_PHA o /_\\
PHA Synthesis Oxaloacetate / Malate\

! Acetyl-Co?/
R-3-hydroxyacyl-ACP 3-enyl-acyl-ACP

Acetoacetyl CoA K Succinate

3-keto-acyl-ACP Fatty acid acyl-ACP R-Bhydroxybutanoate e Acetoacetate Isocitrate ’//
A F Succinyl-CoA

E Valine, leucine and isoleucine \ /
Acetyl Toa 2-keto-glutarate

Fatty Acid Metabolism

Fumarate

De dovo
Synthesis

Isocitrate
lyase
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Potential Applications: Taillor made PHASs

Genetic modifications can enhance yields and modify monomer composition of
PHA polymers

/ Synthetic Biology \

to Program Cells to
Become
Cellular Factories ...

Using Genes... \
o
i >

6

. /

Gen9

/ to Make
High Value Products
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Potential Applications: Taillor made PHASs

Cloning and expression of novel phaC genes in P. putida LS46 = PHA polymers with
novel monomer compositions
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Glu, glucose; Hx, hexanoic acid; Oct, Octanoic acid; Non, Nonanoic acid,
Dc, Decanoic acid; REG-FFA, biodiesel-derived free fatty acids.

be'bﬁ 3 Supported by Western Economic i+l
ALBERTA'S 'W/fi 9 LSAM Diversification Canada. ‘ anad
itoba

glOECONOMY AgWest Bio




Thank-you

Questions?
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