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Modulation of Kennedy Pathway Genes for
Increasing Storage Lipid in Chlorella sp.
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簡報者
簡報註解
Good afternoon, all the experts and scholars.

Right now, I’ll share you about the algal oil study in ITRI.

The topic has shorten to “modulation ……”


2011 International workshop on microalgal biofuel technology

Outline

e QOverview of classification of Chlorella and
annotation of Chlorella genome.

» Pathway of CO, to triacylglycerol in algae.

o Carbon partitioning of lipid, starch, and protein in
algae.

 Major unresolved guestions and future prospects.
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a 2011 International workshop on microalgal biofuel technology

Eukaryotic Microalgae

The exploitation of naturally occurring photosynthetic microalgae, collected and
Isolated over the past 25 years for production of renewable liquid fuels, initially in
collaboration with the Aquatic Species Program of the DOE, and subsequently at
Arizona State University, to meet increasing energy needs !!

Comprehensive concepts:
(1) an extremely diverse group of organisms (are classified into 7

phyla, described species are larger than 40,000).

(2) possess novel metabolic features (unique metabolic
characteristics such as intracellular lipid storage).

(3) a growth potential with an order of magnitude greater than
terrestrial crop plants (extraordinarily efficient light and
nutrient utilization).

(4) the metabolic engineering tools application in photosynthetic
microalgae has the potential to create renewable fuel (not ‘
compete with food production or arable land). 7 TR
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簡報者
簡報註解
Here, the comprehensive concepts of microalgae are mention in this slide.

In the meanwhile, the advantage include……..(i) (ii)(iii)(iv)

 high photosynthetic conversion efficiencies,

 rapid biomass production rates, 

 the capacity to produce a wide variety of biofuel feedstocks, and 

 the ability to thrive in diverse ecosystems.


()

Algal Biorefinery

Photosynthesis

1.Air form Atmosphere
-- Low CQO, concentration
(0.033% by volume)
2. Emission from Industrial Sources
-- High CO, concentration
(coal-burn power plant: 13-15%)
(natural-gas-fired power plant: 8-10%0)

Algae Ol

(Carbon-Neutral Oil )

Ref: http://marketplayground.com Ref:copi.typepads.net

Chlorophylla & b & ¢
Phycocyanin
Phycoerythrin
Fucoxanthin; Peridinin

Soil Conditioners & Agrochemicals

Fertilizers
Proteins

Fine Chemicals & Bioactive substances

Carotenolds

Phycobilliproteins

Omega 3 & Omega 6 fatty acids
Polysaccharides

Antioxidants

Bactericides

Plant growth promoters

Proteins and enzymes

Medical treatment & Pharmaceuticals

Energy Carriers
odiese
Hydrocarbons
Ethanol
Gasoline
Methane & Hydrogen
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簡報者
簡報註解
Carotenoids ; Xanthophyll

Chlorophyll a & b & c 

Phycocyanin

Phycoerythrin

Fucoxanthin; Peridinin




Part I.

e Qverview of classification and annotation of
Chlorella genome.

» Pathway of CO, to triacylglycerol in algae.

o Carbon partitioning of lipid, starch, and protein in
algae.

 Major unresolved guestions and future prospects.
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()

Classification of Chlorella

Mychanastes homosphasra seenedesmus ribescens Scenedesmus vacuolaius

(= Chiorella homosphasra) = Chl. fusca, var. rubascens) (= Chi fusca, var. vacuoisia) Chivreia varuibad Chiorella mirabilis

Chilarella hiteoviridis Chinrella lobophora Chiorella saccharaphila Chlarella vuloaris Chiorella sorokiniana

(1) The 6 kingdoms are: Archaebacteria, Eubacteria, Protista, Plants, Animal, and Fungi.

(2) Some algae are in the plantae kingdom (green algae-plant), but some are also in the protista
kingdom (green algae-protist). Read more: hittp://wiki.answers.com/

(3) Similarities and differences among algal, fungal, and protozoan groups have led scientists to

propose major taxonomic changes, and these changes are continuing ! |
T3 BRI IeR

Ref:wwwi//botany.natur.cuni.cz/algo/determin.html N e
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簡報者
簡報註解
Mychonastes homosphere

Scenedesmus rubescens

Scenedesmus vacuolata

Chlorella minutissima 

Chlorella mirabilis 

Chlorella luteoviridis

Chlorella  lobophora

Chlorella saccharophila 

Chlorella vulgaris

Chlorella sorokiniana

http://botany.natur.cuni.cz/algo/database/node/101
http://botany.natur.cuni.cz/algo/database/node/542

()

Taxonomic Changes of Chlorella

H 6201 Neodesmus pupukensis (KALINA et PUNCOCHAROVA) HEGEWALD et HANAGATA
Syn.: Kermatia pupukensis KALINA et PUNCOCHAROVA

Ident.: UTEX 2219 (as Chlorella minutissima), DSIR 145/79, CCAP 211/52, CCAO 256

Note: Reclassification according to Hegewald & Hanagata (2000, Algol. Stud. 100:29-49.)

H 1901 Parachlorella kessleri (FOTT et NOVAKOVA) KRIENITZ et al.
Syn.: Chlorella kessleri FOTT et NOVAKOVA

Ident.: UTEX 262, CCAP 211/11g, IAM C-208 (all as Chlorella kessleri)
Note: Reclassification based on Krienitz et al. (2004)

H 1904 Chloroidium ellipsoideum (GERNECK) DARIENKO et al.

Syn.: Chlorella ellipsoidea GERNECK, Chlorella trebouxioides PUNCOCHAROVA
Originally designated as: Chlorella saccharophila var. ellipsoidea

Ident.: SAG 3.95, LABIK 837, IPPAS C-8

Note: Reclassification based on Darienko et al. (2010) - Eur. J. Phycol. 45(1): 79-95

H 1912 Chloroidium saccharophilum (KRUGER) DARIENKO et al.

Syn.: Chlorothecium saccharophilum KRUGER, Chlorella saccharophila (KRUGER) MIGULA
Ident.: SAG 211-9a, UTEX 2469, CCAP 211/9a, ATCC 30408, UTCC 91

Note: Reclassification based on Darienko et al. (2010) - Eur. J. Phycol. 45(1): 79-95

H 1983 Choricystis parasitica (BRANDT) PROSCHOLD et DARIENKO

Bas.: Zoochlorella parasitica BRANDT

Note: formerly (until 2010) as Chlorella sorokiniana, reclassification according to Préschold et al. (2010)
- Envronmental Microbiology, in press

H 1990 Pseudochlorella pringsheimii (SHIHIRA et KRAUSS) DARIENKO et al.
Syn.: Chlorella pringsheimii SHIHIRA et KRAUSS

Originally designated as: Chlorella ellipsoidea GERNECK

Note: Reclassification based on Darienko et al. (2010) - Eur. J. Phycol. 45(1): 79-95

Ref:wwwi//botany.natur.cuni.cz/algo/caup-list.html Ve Research Instte
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簡報者
簡報註解
Neodesmus pupukensis (Chlorella minutissima)

Chloroidium ellipsoideum (Chlorella saccharophila var. ellipsoidea)

Chloroidium saccharophilum (Chlorothecium saccharophilum )

Choricystis parasitica (Chlorella sorokiniana)

Parachlorella kessleri (Chlorella kessleri )

Pseudochlorella pringsheimii (Chlorella pringsheimii )

http://botany.natur.cuni.cz/algo/database/node/102

(CW) which is mostly cellulose
(N) Nucleus

(1) round cell in of about 6 mm diameter. (S) Starch grains
(2) a form of life that emerged over 2 (C) Belt shape chloroplast
billion years ago, coming after (M) Mitochondria produces the energy
_phOtOSynthetiC bacteria. Moisture (5.77%), Crude protein (56.24%),
(3) is asexually reproduced. Crude fat (13.38%), Carbohydrate (16.95%),

(4) second-generation biodiesel thanks to  Crude fiber (1.02%), Crude ash (6.64%),

its high lipid content (20~50 wt%b). Chlorophyll (1.7%), Calorie (417 cal)
-- Saturated FA (14.7%), Unsaturated FA {85:3%)

ustrial Technology
Research instituie
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Ref: http://protist.i.hosei.ac.jp/
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L) 2011 International workshop on microalgal biofuel technology

Annotation of Chlorella Genome

 Elucidation of the complete genome of Chlorella, has been completed,
which is a team work collaborated with format including France (CNRS),
American and Japanese laboratories (Sep, 2010). — Chlorella variabilis
NC64A (Unicellular Algae)

« This analysis has brought a light unexpected finding, which has suggested
that Chlorella could have a sexual cycle (which had gone unnoticed so far)
and that a virus probably gave it the capability to synthesize chitin-rich

cell wall, a unigue property in algae.
Fungi/Algae

il.f""ill‘h Meiosis )

Fertili S

Zygospore

Zaospores

organis WDEls e

. Zygote
=:"EE- / 2n)

B haploid B diploid

http://Awww.stmary.ws/highschool/science/apbio/H
eredity/types_of sexual_life_cycles.htm

. Gamete TH SR
http://www.biologyjunction.com/algal__fungal_protist_notes_b1.htm i TR ology

Life Cycle of Chlamydomchi“haS
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簡報者
簡報註解
The genome of Chlorella variabilis NC64A has been disclosure by international collaboration in Sep, 2010

Asexual Phase

Algae absorbs its flagellum 

Haploid algal cell then divides mitotically from 2 to 3 times 

From 4 - 8  haploid flagellated cells called zoospores develop in this parent cell 

Zoospores break out of the parent cell & eventually grow to full size 

Sexual Phase

Haploid cells dividing mitotically to produce either “plus” or “minus” gametes 

A plus gamete and a minus gamete come into contact with one another, shed their cell walls, and fuse to form a diploid zygote 

This resting stage of a zygote is called a zygospore & an withstand bad environmental conditions 

When conditions are bad, the thick wall opens and the living zoospore emerges 




Part I1.

e Qverview of classification and annotation of
Chlorella genome.

» Pathway of CO, to triacylglycerol in algae.

o Carbon partitioning of lipid, starch, and protein in
algae.

 Major unresolved guestions and future prospects.
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How Algae Make Oll

— ——

Sunlight to sugars

— p—

\}

O HHHHHHHH
™

Frocessing

Algae break down larger sugar molecules two carbons at a time and use them
to make fatty acids.

(1) When algae are over eat or under stress will limit their growth, fatty
acids are converted to a storage form as triacylglycerols by bonding three
fatty acid molecules to a three carbon glycerol molecules.

(2) This turns the triglycerides into a fat stored as oil. p——

Ref: http://marketplayground.com Ml poaee
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Metabolic Pathways of Microalgal Storage Lipids

- Endoplasmic reticulum .
g - 5)" Storagt:%
Oleosin %ﬁ\ ol
ITRI's Focus (3) . body
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2011 International workshop on microalgal biofuel technology

Strateqgy of the Lipid Productivity Increscent in ITRI

On Going !!

Cytosol Endoplasmic Reticulum

Plastid

Molecular Biology Molecular Biology

< ' ' |
enetic : _ _ _
Engineering Mutagenesis Genetic Engineering
i l
Calvin cycle @ > Kennedy Pathway\A
/ \ G3PDH l LP:\AT l DGAT
CO, fixation Photosynthesis

!

Growth Rate

= — —
ITRI's Focus (2)

GPAT l PAP
Lipid Content

ITRI's Focus (3)

ITRI'S Focus (1) TR RRER
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2011 International workshop on microalgal biofuel technology

Modification of Lipid Content in Microalgae

It is reasonable to believe that some of the strategies that result in
Increased oil seed content in terrestrial plants may be able to increase
the lipid content in microalgal cells as well.

— it would be of great benefit to develop genetic strategies to increase
the cellular tolerance to a variety of stress factors.

ITRI's Focus (1) & (2)
[TRT's Focus (1) & (2)

It will be interesting to see how overexpression of lipid synthesis
pathway genes and abolish of starch synthesis pathway genes
will enhance lipid content of microalgae.

ITRI's Focus (3)

Improve growth capacity through increased stress tolerance or
photosynthetic efficiency against the burden of existing ‘
overexpression. ” TREwH
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Modified 18:1-CoA

Acyl-CoA dependant
-3-P
/ \ A pathway.

A Oleate hydroxylase.
R AcyhCoA P nl B Putative phospholipase A2 (PLA2).
free fatty aci N C Acyl-CoA synthase (ACS).
D Lyso-PC acyltransferase (LPCAT).
E Glycerol-3-phosphate acyltransferase (GPAT).
F Lysophosphatidic acid acyltransferase (LPAAT).
G Phosphatidic acid phosphatase (PAP).
H Diacylglycerol acyltransferase
(DGAT1 and DGAT2)

Acyl-CoA independant
pathway.

A Oleate hydroxvlase.
D Lyso-PC acyltransferase (LPCAT).
J Phospholipid:Diacylglycerol acyliransferase
(PDAT).
K Transacylase.
L CDP-choline diacylglycerol choline
phosphotransferase (CPT)

2011/8/24 16



2011 International workshop on microalgal biofuel technology

Developing the Tool for Algal Engineering in ITRI

Cytosol
G3PDH

Glucose-6-
phosphate

DHAE G3P = LA=—> PA— DAG—TAG

Plastid
starch NEFA

ER
Acyl-CoAsS .., e e

s
.......
--------------

. s
. s
----------

--------

= Left Border
Algae Ce|| . Ti plasmid

CabMV terminator

Hyeromyein

(1) Genetic transformation of algae is sl Bords CaMV 355 promoter
used by homologous crossover. MCS

(2) Nuclear transformation proceeds MRNA expression level
by random integration, which has = Protein expression level
chance targeting proteins to Enzyme activity ‘
plastids, cytoplasm, or export. Oil cont?.t TR
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http://www.nepadbiosafety.net/abne/wp-content/uploads/2010/10/agrobacterium.jpg

Status of Lipid Accumulation of Domestic Chlorella in ITRI

ITRI's Focus (1)

Normalized Phosphate Content
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Part I11.

e Qverview of classification and annotation of
Chlorella genome.

» Pathway of CO, to triacylglycerol in algae.

o Carbon partitioning of lipid, starch, and protein in
algae.

 Major unresolved guestions and future prospects.
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Carbon Partitioning of Microalgae

Strong evidence: the abolishment of the starch synthesis pathway rerouted
photosynthetic carbon flux toward TAG synthesis, resulting in hyper-accumulation

of TAG. (Prof. Qiang Hu, ASU)

Chlamydomonas starchless mutant defective
in ADP-glucose pyrophosphorylase hyper-
accumulates triacylglycerol

Starch

PLASTID

STARCH GRANULE

AMYLOPECTIMN

ranchin

BTy

wwwwww

ADPglucose

AP L1
rb _¢' |:-3.'r"|-:-l;|-i:::.|:-

glucose-1-phosphate

Reversible transformation of a Scenedesmus cell under various culture conditions B = & 2

L I
' GEP

Starch (% d M] 8 glucose-ﬁ-fhosphate —

.I‘I;Igs phoaphoglucomrultass
lucose-6-phosphate

Protein (6 dwt) 5 30 2 10 l
Ll 4 - - . TAG Content : from 2 wt% U 3 Wt%)
_ - L R xR FE B
Metabolic Engineering 12(4), 2010, p387-391 MY iumretTachnsiogy

Ref: SARC
B SE ik
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Mutagenesis Modification of Carbohydrate Metabolism

[TRI's Focus (2). Decreasing starch accumulation by

mutagenesis

20,000 mw-sec/cm?

Cell number =2.0 x104

B -
S ekt (rradiated by UV ligh

for different seconds
1 lodine vapor assay
4 Amino Acid Synthesis = |
Highth roughput of Starch Comm e

BMC Systems Biolog , , p1-14
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http://www.biomedcentral.com/1752-0509/3/4/figure/F2?highres=y

2011 International workshop on microalgal biofuel technology

Strain Improvement of Lipid Content in ITRI
Traditional Analysis of Lipid Content Assay

8mL
; 100°C, 15min 0.7 N HCl/MeOH 100°C, 20min 4mL NaCl
f 10 mg DCW 8mL 0.5N KOH/MEO|;| > > > > GC
e 10mL BF,/MeOH AL THAEE

High throughput of Lipid Content Assay

200 100°C, 30 c?/0 %%L 250uL Chlorof 50pL NaS,CN(C;Hs) M
) min 1 N HCI/100mM Tris i oroform u 2 2Ms
. 2m|_ Culture IN NaOH/25/oMeOH > > > > OD440
AL gl Soeen 1% diethyldithiocarbamate
| _ _ (Cu(NO,),.3H,0) w / 2-Butanol
Ref: Brain H. Harriman (Univ. Oklahoma)

ITRI's Focus (2)

Starch Content (%) Lipid Content (%0)
C

223+08 213+06
88
- ) 2 21.9+0.5 .1/288)

2 195+ 0.7
4 18.310.1 4 31.5+0.3
13 19.4+0.1 13 30.3+0.4
16 18.5+0.2 16 20.6 £0.1 i
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Part IV.

e Qverview of classification and annotation of
Chlorella genome.

» Pathway of CO, to triacylglycerol in algae.

o Carbon partitioning of lipid, starch, and protein in
algae.

 Major unresolved guestions and future prospects.
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2011 International workshop on microalgal biofuel technology

Future Works of the Engineered Chlorella

Goal 3
Carry out a Large Scale Model

High Lipid Productivity 11—
of Engineered Microalgae. after Test and Verify

O I

Goal 2 Molecular Biology Lipid Process Engineering

/ \ Productivity / \

Genetic Engineering + Mutagenesis mmp Cultural Optimization+ Simulation

O I

Goal 1 Molecular Biology Lipid Content Process Engineering

N / \

Genetic Engineering + Mutagenesis mmp Cultural Optimization+ Simulation

2011/8/24 24
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Unresolved Questions

1. How is the carbon partitioning between starch and TAG
controlled, and how it be manipulated ?

2. Do overexpress growth related-genes have chance to
conquer the existing overexpression (lipid biosynthesis) for
pushing more photosynthate into lipid than the wild-type ?

3. How are the regulating in gene expression and enzyme
activities, and how it be fine-tuned the composition of
nutrient during oil accumulation?
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Questions and Answer

Thank, ‘Yoz”zm%"or %ur Attention |
v JELE lem Eir:IBIEEEL

body -'

Financial support p%\ﬁd" I__y the, Bureau of Energy,
MOEA, R.O.C. is ack Qowl dge_d

Cooperative research'teams:

N plaziid

« Microalgae Technology: Platform fér the Establlshment of Gene

Expression System \
« Mutagenesis method to explore-the’starch abolishment on the algal ‘
oil production (MCUT, Assistant Professor Liang-Jung Chlenr il

R h |
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