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Canada is the world's largest producer and
exporter of canola ol '
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We are losing $150 million dollars every year

Because our oil is green -
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The Green Seed Problem

Seed Production

» Grading and Selling

» Qil Production

» Market
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The Green Seed Problem

Oil Production




Oil Producers

Extra Processing: Acid Activated Clay

Green Clay
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Oil Production

Negative
o .
Up to EO/: of Oil Environmental
0S Consequences
“Clay is the most input cost”

-Dallas Gade
Project Manager, Richardson Qilseed
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Our Solution

6GIX: Water Soluble Chlorophyll
Binding Protein

1) Binds four chlorophyll molecules
2) Protein-chlorophyll complex removed

3) Pure yellow oil

Bednarczyk and Noy, 2016 10.2210/pdb6GIX/pdb



Synbio for Green Seed Processing

—— BBa_K3114012 1 BBa_K314008 ———— [~ BBa_K3114013 —
S ——
( ] HIS Tag 6GIX >
T7Promoter  Strongd ribosome Purification Water soluble Chlorophyll Bidirectional
binding site Tag binding protein Terminator

BBa_K3114015 allows golden gate cloning
(Improved BBa_K1467400)




Synbio for Green Seed Processing
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Synbio for Green Seed Processing

—— BBa_K3114012 1 BBa_K314008 ———— [~ BBa_K3114013 —
S ——
( ] HIS Tag 6GIX >
T7Promoter  Strongd ribosome Purification Water soluble Chlorophyll Bidirectional
binding site Tag binding protein Terminator
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Purification of 6GIX

No SP 6GIX Empty Vector No SP 6GIX Empty Vector Positive
WCL Control WCL Purified Control Purified Control
LA EBISEE T Dl b (I TR IS bl

We SUCCESSFULLY expressed and purified 6GIX from the Cell Lysate
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University of Calgary
Biochemistry Faculty
Professor



Synbio for Green Seed Processing

— BBa_K3114012 — I BBa_K3114006 — [~ BBa_K3114013 —
——
Signal
( ] e HISTagJ 6GIX >
T7Promoter  Strong ribosome TorA Purification ~ Water soluble Bidirectional
binding site YcbK Tag Chlorophyll binding Terminator
OmpA protein
PhoA
MalE
TorA: (BBa_K3114005) DsbA
YcbK: (BBa_K3114004)

OmpA: (BBa_K3114002)
PhoA: (BBa_K3114003)
MalE: (BBa_3114001)
DsbA: (BBa_K3114000)



Signal Peptide Results

No Empty
signal Vector
peptide | Control

[t DsbA MalE  PhoA OmpA  YcbK TorA

PhoA, MalE, and DsbA signal peptides SECRETE 6GIX into periplasm



Hydrophobic Effect

B6GIX normal structure



Hydrophobic Effect
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B6GIX denatured structure



ur Solution

6GIX in Aqueous Phase

6GIX in water droplet



Our Solution

Oil-in-Water Emulsion

Increased surface area
between oil and water

<+—— (ontact between protein
and chlorophyll




Emulsion Types

Different combinations of phases give different emulsions

Pure Oil Phase

Qil in Water
Microemulsion

> 5 Winsor 1




Phase Diagram Models

Surfgoctant

Winsor1

Proof of Concept:
BSA Experiments

Winsor1

0.2

Amountow 0.8 06 0.4 0.2 OAmount
il Model data at 27C Water




No protein 6GIX
Emulsion  Emulsion

6GIX Concentration=~5uM

% Chlorophyll removal

6GIX Emulsion Results

Three different emulsion compositions

80

70

60

0.15

0.2

Volume fraction of surfactant

0.25



Oil Recovery

How much oil is lost through processing

96
94
92
90
88
86
84
82

BGIX 80
Emulsion 78

% Qil Recovery

6GIX Acid-activated Clay



bGIX Emulsions Results

Protein concentration vs. Chlorophyll removal
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6GIX Instability

How to improve function and stability

12 amino acids cause variance
Denaturing at interface
iGAM - Genetic algorithm and PCA




MODGIX

Modified 6GIX Protein

Modified for enhanced Chlorophyll Binding

Designed for stability
Higher binding potential
Less stabilizing agents required




Accomplishments

Produce 6GIX on

«/ Secrete6GIX industrial level '
'/ Purify 66IX -

Determine best emul
compositions

-‘ Optimize for industry
Prove 6GIX's functionin

Val
2 purifying green oil 17

= J‘




Canola Oil Industry Pipeline

Oil Production
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Canola Oil Industry Pipeline

Seed Production

» Grading and Selling

Oil Production

» Market

e

. Chlorophyll
xtraction




Craig Shand

John Mayko




“Greenis the difference between and

-Craig Shand
Co-Owner/Operator, Shand Farms Ltd.



Current Grading System

Seed Sample Assessed Against Colour

Guide

Evaluated
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Mean Green Machine

Canadian Grain
Commission

i+l
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Accurate Capture Colour Determination

Consistent Lighting

Algorithm




Angela Brackenreed  [esie® : } Vo Autumn Barnes
Agronomist ;1 Agronomist




Sunny Days

A Precise Predictive Algorithm to Inform Effective
Agronomy

Within 2.5 degrees on in  Informed Management
average '




Canola Oil Industry Pipeline

Seed Production

\ 4

Grading and Selling

A 4

Oil Production

\ 4

Market
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Sunny Days

Mean Green : hlorophyll
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Canola Oil Industry Pipeline

Seed Production » Gradingand Selling > Qil Production » Market
Mean Green hlorophyll R
R S Machine ! ‘ Extraction "B
A\ Val
e ot \go




RICHARDSON

ﬁ
“Byproducts are valuable if they production
costs”

- Dallas Gade

General Manager, Richardson Oilseed



Pheophorbide a

High value

H3c Research: cancer & anti-fungal

treatment

Canola suffers from fungal
diseases




Sclerotinia

in Alberta will
have to deal with [fungus]."

John Mayko

Farmer, The Alberta Canola Producers Commission



Chlorophyll to Pheophorbide: Steps

Chlorophyll b 7HCA Chlorophyll a Pheophytina Pheophorbide a

Stage One Stage Two




Synbio for Green Seed

Chlorophyll Degradation Proteins

—— BBa_K3NM4012 — —— BBa_K3N4014 —— [~ BBa_K3114013 —
E—
GOl Spacer IN Tag>
T7 Promoter Strong ribosome  CBR(BBa_K3114008) Bidiref:tional
binding site SGR( BBa_K3114010) Terminator

PPH (BBa_K3114011)
7-HCAR (BBa_K3114009)



Synbio for Green Seed

Chlorophyll Degradation Proteins

—— BBa_K3114012 — —— BBa_K3114014 —— — BBa_K3114013 —
——
Q_ GOl Spacer IN Tag>
T7 Promoter Strong ribosome | CBR(BBa_K3114008) . Bidirectional
b|nd|ng site SGR( BBa_K3H4010) Spacer and Purification Terminator
PPH (BBa_K3114011) Tag
7-HCAR (BBa_K3114009)




Synbio for Green Seed

Protein-Spacer-His Tag

(Meguro et al., 2011) 7-HCAR



Synbio for Green Seed

Protein-Spacer-His Tag

(Guyer, Salinger, Krigel, .
% Hartensteiner, 20T7) PPH (Predictive Homology Model)



ICARUS Universal Spacer
BBa_KJ3114014

ICARUS (Predictive Homology Model)
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Protein Purification

Protein-Spacer-His Tag

Both HCAR and PPH SUCCESSFULLY purified.




Pheophytin

Pheophytin + Pheophorbide

Pheophytin + PPH = Pheophorbide

Pheophytin -
Pheophorbide -

Thin Layer
Chromatography

Pheophytinase (PPH) converts
Pheophytin ainto Pheophorbide




Pheophorbide Testing

25mg/ul
pheophorbide

Mycelial growth in pheophorbide a presence

15mg/uL | 4 .
pheophorbide - “
5 s .
= » /e Omg/uL
4; 25 ® ® 5mg/uL
e ® 15mg/uL
[GI // 25mg/ul
5mg/ul E 15 ..-’ ® 35mg/ul
pheophorbide @ :
>
Z e
05 S—
=
0
0 1 2 3
Control $5mg/ulL Time (Day)

pheophorbide



Accomplishments

Produced PPH and

HCAR
Produce chlorophyll

degradation enzymes

——

Purified PPH and HCAR

with ICARUS i B

Showed Pheopho
Inhibited scleroti

leld test Pheophorbide
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Canola Oil Industry Pipeline

Siste Gincigianiciets EClE A TR e > Market
Production Selling
Mean Green Chlorophyll
Sy DR Machine Extraction
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Canola Oil Industry Pipeline

seEg Sl gl e »[  0il Production o Market
Production Selling
Mean Green Chlorophyll )
Sunny Days S Extraction Pheophorbide
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Canola Oil Industry Pipeline
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Canola Oil Industry Pipeline

S Gradingand Ll g production [ Market
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Mean Green Chlorophyll )
Sunny Days Machine Extraction Pheophorbide
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Canola Oil Industry Pipeline

S Gradingand Ll g production [ Market
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Mean Green Chlorophyll )
Sunny Days Machine Extraction Pheophorbide
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Canola Oil Industry Pipeline

> Seed_ > Gradm.g U *1  Oil Production *| Market
Production Selling
Mean Green Chlorophyll :
Sunny Days Machine Extraction —*| Pheophorbide
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Partnerships J




28 New Parts
7 Models that Informed Project Design '

37 Stakeholder Meetings
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An all-encompassing solution to the green seed
problem
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An all-encompassing solution to the green seed
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Standardized Chlorophyll

Sunny Days Grading Extraction

Pheophorbide

(#a]:Jan)



Sunny
Days



Sunny Days

Precise Predictive Algorithm Timing
Seeding
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Prediction 5 months
inadvance

Within 2.1 degrees on
average

o

In Peer Review at Alberta
Academic Review
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Sunny Days

Precise Predictive Algorithm
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Timing
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Prediction 5 months
in advance

Within 2.1 degrees on
average

In Peer Review at Alberta
Academic Review



Air temperature forecasts’ accuracy of selected
short-term and long-term numerical weather prediction
models over Poland

Sebastian Kendzierski!, Bartosz Czernecki’, Leszek Kolendowicz! and
Adam Jaczewski?
! Department of Climatology, Adam Mickiewicz University, Poznan, Poland

?Institute of Meteorology and Water Management — National Research Institute,
Warszawa, Poland

Sunny Days

Comparison With
Contemporary Methods

Table 3. Statistical results of long-term forecast in different time horizons.

MODEL ¢ (hs)

Sunny Days o
accomplished 19-96

97-144

estimates for 145-192

193-240

ME

-0.09
-0.07
-0.17
-0.23
-0.25

180 days with a 0-48

49-96

Mean Absolute 97144

145-192

Error of 2.109 C 103240

0.11
0.09
-0.04
-0.18
-0.15




Standardized
Seed Grading



GreatGrader

A software tool for

standardizing seed grading:

GitHub links:
Python Script Version:
https://github.com/iGEMCalgary/DGRClassification

Calibrate the system
using a colour chip

Take a seed sample
picture

Crop and divide seeds
Grade

Examine individual seeds
See confidence

Standalone Version for Windows 10 64-bit: https://qgithub.com/iGEMCalgary/GreatGrader



https://github.com/iGEMCalgary/DGRClassification
https://github.com/iGEMCalgary/GreatGrader
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L 2
Seed Sample
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Watershed Mask
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Grading Process
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GreatGrader Grading Process

0
1%}
[0}
c
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)) - Smear Parse

Lab colour space distance calculations used 8) DGR pixel grading



GreatGrader Performance

m 6.400% 7.444% 1.044% 164.287
m 7.000% 7.739% 0.739% 189.261

w 4.143% 5.734% 1.591% 289.408
0.308% 0.305% 0.003% 267.353




GreatGrader Performance
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bGIX
Production



No Signal Peptide 6GIX Empty Vector Control

' [ ———————

EVC  Elution E|ytion Elution Elution Elution Elution Elution
WCL 1 2 3 4 1 2 3

“—— 6GIX
(21 kDa)
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BioBrick BioBrick
Prefix Suffix

Digestion
with Bsal

gE— =

BioBrick|
Prefix

BioBrick
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Emulsions
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Surfactant
Surfactant 10
10
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Collected Lab Data Classification Model




Phase Modelling Process

. Experimental Data
. SVM with RBF Kernel models phase data for the experimental

temperatures
MLP models phase data for any perature  temary scatter plot, T = 295.15K

Surfactant

|
:
:
!
§
:




Validation using Confidence Map

Ternary Scatter Plot, T = 300.15K

Surfactant
10

High confidence areas do
not change in predicted

phase for underfit to
overfit models




Acid-Activated Clay Performance
Chlorophyll Removal and Qil Loss

Chlorophy!l Removal with Acid-Activated Clay B 005K A 33305K 635K ——Linear(300.15K)  —— Linear|333.15€) Linear(363.15K)
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Acid-Activated Clay Performance
Chlorophyll Removal and Qil Loss

o
o
o

Experimental data
Model Fit

Adsorption Capacity

[=1
o
o

310 320 330 340
Process Temperature (K)

15 20 25
[Chl]in Bulk phase (mg/kg)

Adsorption Capacity

310 320 330 340 350
Process Temperature (K)

360




Acid Activated Clay Performance Model

0.4 0.5 0.6 0.7 08
Adsorbent:0il Mass Ratio

Chlorophyll Fractionin Oil
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Adsorbent:0il Mass Ratio

Chlorophyll Removed

0.4 0.5 0.6 0.7
Fraction of Oil Loss




Surfactant Composition Experiments
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Emulsified-Protein Chlorophyll Removal
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Performance Comparison

X 0.0777
Y 0.81283

0 X 0.07513

/ Y 0.7679

X 0.07113
Y 0.6332
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MODGIX



RMSF For Specific Amino Acids

0.25

0.20

--- Alanine[25]
--- Serine[80]

0.15

Measurement

0.10

0.00 0.05

60 40

RMSF Curves Generated For All ModGIX Amino Acids Time Left in Simulation

Time Left in Simulation
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CHLOROPHYLL REPURPOSING ACHIEVEMENTS
1. Universal spacer (ICARUS) for large proteins with

a binding pocket that has strong electrostatic 1.

interactions
First to:

2. Test pheophorbide a on Sclerotinia sclerotiorum
3. Test pheophorbide aon

Pestalotiopsis microspora

4. Execute pheophorbide a disc test

5. Purify Pheophytinase

6. Submit these proteins to the registry,
characterized.

TO BE

Pheophorbide

First to
degrade chlorophyll a

and b — pheophorbide
a enzymatically

of
pheophytinase




Chlorophyll Repurposing Achievements
1. Recombinant PPH converted pheophytininto
pheophorbide, our desired product, not seenin prior

literature. 1.

ICARUS

ICARUS, a novel contribution, functionally allowed
for purification of HCAR and PPH using a 6xHis-tag,
despite problematic electrostatic interactions

Anti-Fungal

The harmful canola pathogen S. sclerotiorum'’s
mycelium was inhibited by pheophorbide a
treatment, not seen in prior literature
Comparative analysis of P. microspora suggests
pheophorbide a specificity toward S. sclerotiorum
inhibition

TO BE

Pheophorbide

First to
degrade chlorophyll a
and b — pheophorbide
a enzymatically

of

pheophytinase




PHEOPHYTINASE PURIFICATION

Journal of Expenimental Botany, Vol. 69, No. 4 pp. 879-889, 2018
doi:10.1093/jxb/erx326 Advance Access publication 23 September 2017

This paper is available online free of al access charges (ses hitp:/jxb.oxfordounals.org/open_access.hitml for further detais)

RESEARCH PAPER

Catalytic and structural properties of pheophytinase, the D“;l;iﬁ intensive attempts ‘IF' IF"I'"'"F ﬂgd “rl'““zlt'li"if&a"“ﬁm;;
h | r involv in chl h r wn nant , W were unsuccessiul, Instead, we mode Lhe

phytol esterase Invoived in chiorophyll breakdo structure of PPH based on publicly available structures of other

Luzia Guyer, Kathrin Salinger, Undine Kriigel and Stefan Hortensteiner* “-'IIE" rﬂ]-d h}'_d_mlﬂs.f:i. Th]hml}dﬁl {F lg 5? allowed .lhi‘: lLlEl'IU.ﬁEH.-

Institute of Plant and Microbial Biology, University of Zurich, Zollkerstrasse 107, CH-8008 Zurich, Switzerland o

* Correspondence: shorten@botinst.uzh.ch

T APPH -rev-|-Tvmy
Receved 14 July 2017, Editorial decision 21 August 2017; Accepted 21 August 2017

6xHis
Editor: Christine Foyer, Leeds University, UK in pMCSng 100 aa

Abstract

During leaf senescence and fruit ripening, chlorophyll is degraded in a multistep pathway into linear tetrapyrroles
called phyllobilins. A key feature of chlorophyll breakdown is the removal of the hydrophobic phytol chain that ren-
ders phyllobilins water soluble, an important prerequisite for their ultimate storage in the vacuole of senescent cells.
Chlorophyllases had been considered for more than a century to catalyze dephytylation in vivo; however, this was
recently refuted. Instead, pheophytinase was discovered as a genuine in vivo phytol hydrolase. While chlorophyllase
acts rather unspecifically towards different porphyrin substrates, pheophytinase was shown to specifically dephy-
tylate pheophytin, namely Mg-free chlorophyll. The aim of this work was to elucidate in detail the biochemical and
structural properties of pheophytinase. By testing different porphyrin substrates with recombinant pheophytinase
from Arabidopsis thaliana we show that pheophytinase has high specificity for the acid moiety of the ester bond,
namely the porphyrin ring, while the nature of the alcohol, namely the phytol chain in pheophytin, is irrelevant. In silico
modelling of the 3-dimensional structure of pheophytinase and subsequent analysis of site-directed pheophytinase
mutant forms allowed the identification of the serine, histidine, and aspartic acid residues that compose the catalytic
triad, a classical feature of serine-type hydrolases to which both pheophytinase and chlorophyllase belong. Based
on substantial structural differences in the models of Arabidopsis pheophytinase and chlorophyllase 1, we discuss
potential differences in the catalytic properties of these two phytol hydrolases.
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Sclerotinia sclerotiorum Growth Controls
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Pestalotiopsis microspora Growth Controls
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Sclerotinia sclerotiorum Mycelial Growth with
Pheophorbide a in Dark
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Pestalotiopsis microspora Mycelial Growth with
Pheophorbide a in Dark

25
E
= 2
=
ERE:
3 L
© o
=
g 05
=
0
0 1 2 3 4
Time {Day)
—a—0mg/mL —a—5mg/mL —a— 15 mg/mL 25 mg/mL —a—35 mg/mL

Pestalotiopsis microspora Mycelial Growth with
Pheophorbide a in Light

Mycelial Growth {cm)

Time (Day)

—a—0mg/mL —a—5mg/mL —a— 15 mg/mL 25 mg/mL —a— 35 mg,/mL



Fducation

&
Outreach



iGEM Calgary and The Biological
Students’ Association Present

THE GOOD, THE BAD,
AND THE BIOLOGICAL

Wednesday, September 25, 2019
5PM — 7PM @ The Hunter Hub in MacHall

(Food and refreshments will be provided)

A discussion on why we need to innovate with
= controversial biotechnology and how we can stop it from
| destroying us.



Education and Outreach

MDSC 507: Introduction to Synthetic Biology
Lab Skills Workshop (Lethbridge)
Webber Academy (1 and 2)
Canmore Mindfuel Event
CanolaPALOOZA

Faculty Talk

JulyGEM

Telus SPARK

Pacific Northwest Meetup
Philosophical Discussion
Bacteria Night
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