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Biological roles for Fatty Acids
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MoleculesMolecules Protein Protein 
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Membrane Structure Membrane Structure 
and Energy Storageand Energy Storage

http://library.thinkquest.org/C004535/cell_membranes.html



OrgansOrgans

SystemsSystems
LipidLipid
SignalingSignaling

60% of the dry mass 60% of the dry mass 
of human brain of human brain 

is made up of lipidsis made up of lipids



Fatty Acids Composition in Diseases
DiabetesDiabetes
HypertensionHypertension
Heart failure and Diabetic Heart failure and Diabetic cardiomyopathycardiomyopathy
RefsumRefsum SyndromeSyndrome
AtopicAtopic diseasedisease
CancerCancer
SchizophreniaSchizophrenia
Bipolar and attention deficit hyperactivityBipolar and attention deficit hyperactivity
DepressionDepression
Mood disordersMood disorders



Activation of Fatty Acid Activation of Fatty Acid SynthetaseSynthetase (FAS)(FAS)
Tumor cells from a  variety of human cancerTumor cells from a  variety of human cancers.s.
Mutant forms of Mutant forms of phytanoylphytanoyl--CoACoA 22--hydroxylasehydroxylase, PAHX, PAHX
Refsum's  Refsum's  syndromesyndrome
Defects of Defects of carnitinecarnitine--palmitoyl transferasepalmitoyl transferase, CPT, CPT--IIII
Variable Variable myopathymyopathy
UpregulationUpregulation of alphaof alpha--methylacylmethylacyl--CoA racemaseCoA racemase
Prostate cancerProstate cancer
Transcriptional repression of Transcriptional repression of stearoylstearoyl--CoA desaturaseCoA desaturase--11
LeptinLeptin--mediated weight loss mediated weight loss 
Increase in Increase in cytosolic phospholipasecytosolic phospholipase AA
DyslexiaDyslexia
Deletion in the long chain FA elongase, ELOVL4Deletion in the long chain FA elongase, ELOVL4
StargardtStargardt��ss--like macular degenerationlike macular degeneration

FA metabolic proteins in diseases



FA Homeostasis
!! Is a critical warrant of the proper functioning of the Is a critical warrant of the proper functioning of the 

Fatty Acids  moleculesFatty Acids  molecules

!! The mechanism of Fatty Acid homeostasis is not understoodThe mechanism of Fatty Acid homeostasis is not understood

!! FA metabolism is regulated on the transcriptional levelFA metabolism is regulated on the transcriptional level

!! Nuclear receptors affect FA metabolic gene expressionNuclear receptors affect FA metabolic gene expression

!! Fatty Acids affect NR transcriptional activityFatty Acids affect NR transcriptional activity

What are genetic responses to the altered What are genetic responses to the altered 
Fatty Acid composition?Fatty Acid composition?



LXRLXR SREBP1cSREBP1c PPARPPARαα

FA biosynthesis;FA biosynthesis;

FAFA synthetasesynthetase
FA elongase,FA elongase,
FAFA desaturasedesaturase,,
AcylAcyl--CoA CoA 
carboxilasecarboxilase,,
AcylAcyl--CoA CoA 

synthetasesynthetase

FA FA ββ--oxidation;oxidation;

AcylAcyl--CoA oxidaseCoA oxidase,,
MediunMediun chainchain acylacyl--
CoA dehydrogenaseCoA dehydrogenase,,
Carnitine palmitoyl Carnitine palmitoyl 
transferase transferase 

RXRRXR RXRRXR

RXRRXR
PGCPGC--11 CamKIVCamKIV

FAs; free FAs; free 
and FAand FA--CoACoA ACBPACBP

MAPMAP kinaseskinases
ERK, JNK, p38ERK, JNK, p38

insulininsulin glucagonglucagon

cAMPcAMP

PKAPKA

CREBCREB

Sugar low,Sugar low,
StarvationStarvation

Sugar high,Sugar high,
Well fedWell fed

PGCPGC--11 p38 MAPp38 MAP
kinasekinase

sterolsterol

Fatty Acid Metabolism is
Transcriptionally Regulated



How FA biosynthesis and degradation   How FA biosynthesis and degradation    
are coordinated to maintain   are coordinated to maintain   

biologically important FA balance?biologically important FA balance?

Novel Model and Methodology to studyNovel Model and Methodology to study
Fatty Acid Metabolism and HomeostasisFatty Acid Metabolism and Homeostasis



C. elegans model
C. elegans synthesize various FAs.

Mutants have abnormal FA composition

A

A

A

A

B

B

B

B

elo-2(RNAi), genetically engineered worms accumulating palmitate.

N2, wild type C. elegans



Fatty Acid Composition
in elo-2(RNAi) mutants
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Fatty Acid Composition

in elo-1(gk48);elo-2(RNAi) mutants



elo-2(RNAi) elo-2(RNAi);
elo-1(gk48) fat-5(tm420) F41H10.7(RNAi)

+ C16:0 + C20:5 n3 + C17ISO

Novel SVDNovel SVD--based based 
AllAll--againstagainst--All AnalysisAll Analysis

Best Liner Best Liner 
CombinationsCombinations

Novel Methodology

Common Common 
Genetic Genetic 
ResponseResponse
Genes of the FA Genes of the FA 
HomeostasisHomeostasis

RNAiRNAi--mediated mediated 
suppressionsuppression

GC AnalysisGC AnalysisAnimals with altered Animals with altered 
FA compositionFA composition

Genetically altered Fatty Acid composition; mutations and RNAi.

Fatty Acid composition altered by diet.



SVD-based all-against-all Analysis.
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SVD- singular value decomposition
Control is target RNA from N2 wild type in all experiments
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Discovery:Discovery:
Common
Genetic
Response



Advantages of the novelAdvantages of the novel
SVD allSVD all--againstagainst--all approach  all approach  

! qualitatively new knowledge discovery qualitatively new knowledge discovery 
compared to the standard paircompared to the standard pair--wise analysiswise analysis

!! processing of 100s vs. 100sprocessing of 100s vs. 100s microarrays     microarrays     
simultaneouslysimultaneously

!! independent of DNA chip�s slots orderindependent of DNA chip�s slots order

!! fully automaticfully automatic



The ultimate goal is to contribute to the    
understanding of the FA homeostasis 
by discovering and characterization 
of its key regulatory mechanisms

!! This is the first introduction of the This is the first introduction of the C. elegansC. elegans model organism   model organism   
using a high throughput screen for transcription factors invousing a high throughput screen for transcription factors involved  lved  
in the FA homeostasis. in the FA homeostasis. 

!! Developing the Developing the C. elegansC. elegans model will allow further screen for   model will allow further screen for   
drugs targeting specific metabolic enzymes and proteins in lidrugs targeting specific metabolic enzymes and proteins in live    ve    
animal. animal. 

20022002


