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Abstract Resulis

A large scale in vivo high throughput screen was performed to identify small molecules that .. . . . . .. .
induce lipid accumulation in the model organism Chlamydomonas reinhardtii. From a 1. Growth and lipid accumulation 4. Hierarchical Clustering and Principle Component Analysis 6. Summary of Expression Analysis All Genes
screening library of 43,736 compounds, a total of 367 active compounds were identified that
induce lipid accumulation to at least 2.5-fold compared with controls. Of these, 4
compounds were selected for gene expression analysis. Samples were collected every 24h 4 _ relative 24h 48h 77h
for 72h. Growth and lipid accumulation (Nile Red) were recorded. Relative expression of S 10, m C Figure SA. Hierarchical . 1 cL C € C4 NF CL C €3 C4 NF cL € € C4 NF
18 genes were analyzed via qPCR from 3 biological replicates. The final growth of W : 3 .. Em C2 clustering of treatments row min ACLAL T SO A A A Tt 1
compound treated cells was on average 90% over controls, 2-fold higher than nitrogen- § Bl C3 and genes. . 2;:2 i i i i i z i 1 I i i 1 1 I *
starved cells, and lipid accumulation was up to 6-fold higher than controls. Via hierarchical § o : ﬁl‘_f Tllllaenrtli(z m(i]l;{zg; Z?Zﬁ‘;ie BCC S v v v R N )
clustering and principal component analysis (PCA), it was shown that compound treatment 2 4 e genes oyfeach troatment at BIP > >~ 1 S r o N S ror N S
and nitrogen starvation have different effects on lipid metabolism-related gene expression. 2 3 different time points Sl To> T 1T 2 7 7
Unlike nitrogen starvation, the compound treatments do not suppress de novo fatty acid i § were log transformed and ;éSTZT j i z i * j : j i i 1 1 1 1 i
synthesis and have less repressive effects on photosynthesis. Both nitrogen starvation and A e N & N o clustered using Euclidean FAB2 S 03 3 sy N N S 03 3 sy
compound treatment increased expression of diglyceride acyltransferase, which catalyzes v > A metric. C1-C4: compound IcL S e TN e I T SN AN AR S
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the committed step in TAG synthesis. It is proposed that citrate efflux from mitochondria . #1-4; NF: nitrogen-free; : dilSad EA A T T > > v b by
. . .  agafi MDH > > > > U e I T S N e S N N
may play an important role in the lipid accumulation induced by the compounds. ‘_ _ NC: negative control.
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Mlcroalga.e, a very large and diverse group of photos.ynthetlc organisms, have attrac.ted Figure 2. Growth and relative lipid content of cells with different treatments for 72h. (A) MLDP g . was log 2 transformed. 1 (up) was
global attention as a renewable energy feedstock. Previous studies conclude that nutrient . . . . BIP ® assigned for values >1; — (no change)
. . ) , o s : : Cells in log phase were washed 2 X with TAP or TAP N- media respectively. Compounds were CIS?2 - T
stresses, especially pltroger} starvation, 1nduce. significant hpld accumulatlgn that mlght be added to a final concentration of 20 uM in the media. For each treatment and control, three |—|__[ MDH o (down) V%as assigned for values>1. (B)
used for the production of biofuels. However, nitrogen starvation also causes in degradation of biological replicates of 100 mL each in 250 mL flasks were grown with shaking under white light. ACX 2 = The number of & eoulated and d. o
the photosynthetic apparatus, severely limiting the rate of growth. Additionally as a lipid 25 mL of cultures were collected at 24h, 48h and 72h of incubation. Cells were stained with Nile FAB2 § © NUMBEL OT UP-TESUAtet and COWh-
: . : e e e . g . : , : : : STA = regulated genes in each column in figure
induction method, nitrogen limitation is impractical in large-scale production due to technical red and fluorescence signal measured with a BioTek Synergy plate reader. (B) Confocal images of PLSB1 7A was combined. C1-C4: compound
and financial drawbacks. This led us to develop a high throughput screening (HTS) system, algal cells stained with Nile Red to visualize lipid bodies. C1-C4: compound #1-4; NF: nitrogen- LHCA1 04 4#1.4- NF: nitrogeﬁ-free- NC: nepgative
which we have employed to identify synthetic chemical compounds that increase lipid free; NC: negative control. o S g g P @ Y b AV YV control
production without severely compromising cell growth or photosynthetic capacity. PSAN SIS T F TS
Real-time quantitative PCR (qPCR) has become the gold standard for quantifying RBCS
* differential gene expression between samples over the past 10 years. Although the 2-2ACt . . .
method 1s most commonly used, large errors can be introduced by baseline subtraction and 2. Overview of CIPCR GmphflCCﬂ'IOI’l data ®
amplification efficiency estimation. In this study, we employed an algorithm proven to be 10 Figure SB. Principle Component O n< : U s I o n s
effective in previous studies to analyze the raw data (shown in Study Design below). In ' ' ' m NF Analysis (PCA). The NRQ of all
addition to quantification, accurate liquid handling has always been critical in qPCR v C1 17 genes of each treatment at
experiments. Therefore, an automated liquid handling system was used to prepare samples for different time points were u§ed n : . : :
. ’ = B ] ©® C2 PCA and reduced to 2 principal ¢ Each compound induced lipid accumulation up to 6-fold higher than control
qPCR to minimize human errors 2 9 ) : P P p g
. T , , , _ o X ¢ (3 components, which explain 55% _ ’ o .
In addition to comprehensive differential analysis, we focused on the metabolism of citrate, ™ . s and 30% of the total variance, < No compound severely compromised growth, whereas nitrogen deprivation did
which is transported across mitochondrial membrane and then cleaved by ATP-citrate lyase o 0 o respectively. The clustering . . . .
into oxaloacetate and acetyl-CoA, a substrate for de novo fatty acid biosynthesis. 8 0- e v A NC patterns indicate the NF samples Kl Compo.und tr‘ea.tment and nitrogen starvatlor‘l have d¥fferent effects Or} the
/ﬁmitochondria N\ 1 S o are very distinct from compound regulation of lipid metabolism-related genes as indicated in PCA and clustering
v treated samples and NC. Thus, & C d did d . d hesi d induced
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A citrate -3 - - - expression in compound treated less down-regulation of photosynthetic genes, such as RuBisCo and light
oxaloacelale \ 7 R I B i s e = . e 13 -10 - o 0 > cells are expected to more harvesting complex
ﬁ/‘DH CTC/l* it PC1 (55%) narrowly define pathway changes . '
thylakoid malate yee B 22 leading to lipid accumulation. ¢ Compound 1 and 2 induced the up-regulation of acetyl-CoA carboxylase
e SR — > OOt \ / complex, whereas compound 3 and 4 mainly acted on diglyceride acyltransferase
/ RUBP (_)succinate 2-ketoglutarate . . . ] . . . o
sta / N ~_ : ) 5. Differential expression of selected genes ¢ Citrate eff.lux. from mitochondria mlght play an 1mpoﬁant role in the. lipid
RBCS 2 glucose = accumulation induced by compounds as indicated by the increased expression of
= y P y P
/ Calvin \ malate < ] oxaloacetate «———= cilrale e the citrate synthase and ATP-citrate lyase genes
starch 6-PGL Cycle 3-PGA \ SUCCL ate 15 ' o .
RUSP / \\ glyoxylate ACL ) 24 MDH cis1 ACLA1 ¢ Compound treatment may be useful for identifying components and mechanisms
or oyruvate IcL ’ " e et 0 o o 5 7 7 that regulate lipid synthesis and can be utilized for biofuel production
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PEP isocitrate / VIDH / Figure 3. Assessment of gene expression after =
1 acetate , acetyl-CoA \ oot g — i ' : compound treatment using QPCR. (A) qPCR plots % 1.0+
pyruvate a;ﬁﬁion . oraleree ’ eppendorf on log scale. The raw amplification data of all the % ® ®
citrate ol : - . S 0.54
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ACX/BCC_—acetyl-CoA I to fatty acid synthesis acetyl-CoA ' LinRegPCR. The baseline was subtracted and 2 .
- efficiencies calculated from common window-of-
mAOEER /o nthesis ER linearity (red points in the plot) per amplicon group. % Identified changes in gene expression upon compound treatment from this targeted
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— N PLSB%I oA e DGTT oG / use | or .quantl. 1ca}t19n. (B) Amplification = . . . . ' . '
efficiencies of individual samples. Average 2 *» Confirm the observed alterations in gene expression result in changes in protein
@ efficiency >1.8 (90%) indicates good amplification. 2 levels and activities using western blots and enzyme assays
plastid ‘o TAG / (C) Eppendorf epMotion 5075 automated liquid ©
Lipid droplets ®. «WLOP - handling system. S % Confirm changes in gene expression using targeted proteomics
o 2
3 *» Employ targeted metabolomics to acquire more information on physiological
3. Target information changes including increased synthesis of citrate
Figure 1. Lipid-metabolism related pathways in C. reinhardtii. The differential expression of ¢ Perform pathway analysis and target identification employing bioinformatics tools
genes (in pink) were analyzed to give a snapshot of the network. Gene  Protein Accession - to inform further genetic analysis for biotechnological applications
HEA . . _ Figure 4. Information S
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ICL Isocitrate Lyase XM_001695279 . . . e}
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