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Abstract 

Very long-chain polyunsaturated fatty acids (PUFAs) such as arachidonic acid (AA, 

C20:4n-6), eicosapentaenoic acid (EPA, C20:5n-3), and docosahexaenoic acid (DHA, 

C22:6n-3) are essential for a variety of biological functions including brain 

development, cognition, reproduction, inflammatory responses, and homeostasis. DHA 

is an important component of membrane phospholipids in the retina and brain and 

accumulates rapidly in these tissues during early infancy. 

DHA is directly provided by dietary fats or is synthesized from its metabolic 

precursors, �-linolenic acid (ALA, C18:3n-3), and EPA. The conversion of ALA, the 

essential dietary precursor, occurs in the endoplasmic reticulum (ER), producing the 

long-chain metabolites EPA, DPA and tetracosahexaenoic acid (THA, C24:6n-3). Then 

THA is transferred to the peroxisomes to be shortened to DHA through one cycle of 

�-oxidation. Liver has been considered the primary site for the production of long chain 

PUFAs, and ALA conversion in liver is a major source of newly synthesized DHA for 

supply to the periphery. In addition, ALA conversion in brain may be important for 

maintaining membrane EPA and DHA concentrations. However, formation of DHA 

from ALA or EPA is very low in both liver and brain, and the mechanisms responsible 

for the low conversion of ALA and EPA to DHA remains unclear. 

The content of n-3PUFAs in mammalian cells depends on the activity of the 

desaturases, elongase, and acyl CoA oxidase (AOX), these enzymes also involved in the 

synthesis of DHA from ALA or EPA. In general, the �-6 desaturase and AOX were 

considered as the rate limiting steps in the conversion. In this study we used HepG2 

(human hepatoma cell line) and SH-SY5Y (human neuroblastoma cell line) as in vitro 

models to examine the conversion of n-3 fatty acids after supplementation of ALA or 

EPA. We also quantified the mRNA levels of gene encoding these enzymes. We found 

that EPA, DPA, and DHA were not increased when HepG2 cells were cultured with 



 

 xi

increasing amount of ALA. In addition, only DPA was linearly increased when EPA was 

supplemented in the medium. The �-6 desaturase mRNA abundance decreased in 

response to supplementation of ALA or EPA in HepG2 cells. Different from that in 

HepG2, the content of DPA was increased when SH-SY5Y cells were cultured with 

addition of ALA or EPA, but DHA was decrease slightly. The results suggest that 

synthesis of DPA from ALA or from EPA was an active process in SH-SY5Y cells. Our 

data further show that AOX mRNA was down regulated by both ALA and EPA. 

Time-course study showed AOX mRNA expression was inhibited by EPA up to 96h. In 

addition, our data also showed decrease of AOX protein levels by EPA in SH-SY5Y 

cells. We then investigated the effect of EPA on AOX expression in cells transfected 

with AOX promoter-Luciferase reporter plasmid. The result showed that luciferase 

activity was decreased by EPA and ALA in SH-SY5Y cells. But in HepG2 cells, 

AOX-Luciferase was induced by EPA and by agonist of PPAR�, � or �. The AOX 

protein level was also up regulated by EPA in HepG2 cells. The result support that EPA 

and PPARs induce AOX expression in HepG2 cells. We further tested if the effect of 

PPAR agonists on AOX in SH-SY5Y cells. The results show that all agonists of the 

PPAR�, � and � isoforms induce AOX protein expression in SH-SY5Y. These results 

suggest that EPA down regulates AOX expression is not through a PPAR dependent 

pathway. Taken together, our data showed that expression of �-6 desaturase was 

inhibited by ALA and EPA in HepG2 cells, and may responsible for the low conversion 

rate of ALA to longer n-3 fatty acids. On the other hand, inhibition of AOX mRNA and 

protein levels by ALA or EPA in SH-SY5Y cells, may be the reason, at least in part, for 

the low synthesis of DHA from ALA or DHA. Our results further suggest that the 

inhibitory effect of EPA on AOX expression is probably through an PPAR independent 

pathway. 

Key words Conversion of ALA and EPA DHA AOX �-6 desaturase PPAR
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(Polyunsaturated fatty acids, PUFA) 

(polyunsaturated fatty acids, PUFA)

(�-linolenic acid, ALA, C18:3n-3)

(linoleic acid, LA, C18:2n-6)

(essential fatty acids, EFAs) (Lauritzen et al., 2001)

n-3 n-6

(desaturation) (elongation)

(Roynette et al., 2004)

n-6 n-3

(ratios of n-3 and n-6 fatty acids)

(Calder, 2004)  

(CNS) (Salem et al., 2001)

(Docosahexaenoic acid, DHA, 22:6n-3) 

7.2%(Hamano et al., 1996) 30%-40%(Lauritzen et al., 

2001) DHA

(Stillwell et 

al., 2005) (Sampath and Ntambi, 2005)

(McNamara and Carlson, 2006)  

 

n-3 PUFA DHA   

DHA

ALA EPA ALA (endoplasmic reticulum, ER)
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�6-desaturase elongase �5-desaturase (eicosapentaenoic acid, 

EPA, C20:5n-3) elongase (docosapentaenoic 

acid, DPA, C22:5n-3) (tetracosapentaenoic acid, C24:5n-3)

�6-desaturase (tetracosahexaenoic acid, THA, 

C24:6n-3) THA (peroxisome)

�-oxidation DHA ALA

EPA (conversion of ALA and EPA) (Figure A) (Langelier et al., 2005)  

 

 

Figure A. DHA  

 

n-3 PUFA  

1966

(microsomes) ALA desaturation
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elongation (Brenner and Peluffo, 1966)

n-3 PUFA DHA (very low density lipoprotein, VLDL)

(Scott and Bazan, 1989)

[1-13C]ALA 21

EPA DHA (phosphatidylcholine, PC) PC

n-3 PUFA

ALA EPA (Burdge and Wootton, 

2002)  

 

n-3 PUFA  

ALA EPA DHA

DHA ALA EPA DPA

(Sheaff Greiner et al., 1996) 1971 [1-14C]ALA

(blood-brain barrier) CNS ALA DHA (Dhopeshwarkar 

et al., 1971) [1-14C]ALA

DHA desaturation elongation

(Dhopeshiwarkar and Subramanian, 1976) ALA

EPA DHA (Burdge and Wootton, 2002) DHA

(Florent-Bechard et al., 2007)  

 

n-3 PUFA  

 

ALA EPA DHA

ALA (ALA 7%) DHA

(Abedin et al., 1999; McLennan and Dallimore, 1995) (Kim and 

Choi, 2001) ALA (ALA
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8.5%) DHA (Barcelo-Coblijn et al., 

2005) (Fiaccavento et al., 2006) ALA (ALA 15%

10%) ALA EPA (Ander et al., 2004) (kinetic 

study) [1-14C]ALA THA(Igarashi et al., 2008)

elongase-2 (Wang et al., 2005) ALA (ALA

4%) ALA DHA

(Bowen and Clandinin, 2000; Spady, 1993) DHA

ALA (Abedin et al., 1999; Barcelo-Coblijn et al., 2005; 

Barcelo-Coblijn et al., 2003) EPA (EPA 4.1%)

EPA ALA DHA

(Peterson et al., 1998) EPA (EPA 4.4%)

EPA DHA (Kew et al., 2003)

EPA (EPA 1.4-8.1%)

EPA DPA DHA (Nassar et al., 

1986) 90�M ALA

(phosphatidylethanolamine, PE) ALA EPA DPA DHA

EPA PE EPA DPA (Morisaki et al., 

1985) ALA EPA DHA
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30mL 27g (flax seed oil) 14g ALA

ALA 5.7 4 EPA

DHA (Schwab et al., 2006)

atherogenic lipoprotein phenotype) 15g ALA

ALA EPA DHA (Wilkinson et 

al., 2005) 3g ALA

EPA DPA DHA (Harper et al., 2006)

EPA (EPA 52.8%) EPA ALA DHA

(Kew et al., 2004) 3g EPA

EPA DHA (Rambjor et al., 1996)

9g EPA-rich oil( EPA 720mg) EPA DPA DHA

(Buckley et al., 2004) ALA EPA

DHA

 

 

n-3 PUFA  

Desaturation and elongation in ER 

 ALA

�5-desaturase �6-desaturase 1989

(Scott and Bazan, 1989)

�6-desaturase

(Igal et al., 1991) desaturase

(sterol regulatory element, SRE) E-box element (sterol 

regulatory element-binding proteins-1, SREBP-1) (Matsuzaka et al., 2002)

SREBP-1 (membrane-bound transcription factor) basic 
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helix-loop-helix leucine zipper family

(Brown and Goldstein, 1997)

elongase-2 (Elo-2) (Horton et al., 2003; 

Wang et al., 2005) 16-22 SREBP-1 (Moon 

et al., 2001)  

 

�-oxidation in peroxisome 

1976 peroxisome mitochondrial

�-oxidation (Lazarow and De Duve, 1976) Zellweger 

syndrome (peroxisome biogenesis disorder)

peroxisome DHA

(Martinez, 1992) newborn PEX5 knockout mice Zellweger 

syndrome DHA 40%(Janssen et al., 

2000) [1-14C]ALA

THA DHA Zellweger syndrome [1-14C]ALA

THA DHA(Moore et al., 1995) Peroxisomal 

�-oxidation DHA  

Peroxisomal �-oxidation (very long-chain fatty acids, 

VLCFA) hexacosanoic acid (C26:0) tetracosanoic acid (C24:0)

THA straight-chain acyl-CoA oxidase  (AOX)

D-bifunctional protein (DBP) 3-ketoacyl-CoA thiolase sterol carrier protein X 

(SCPx) peroxisome carnitine ATP-binding 

cassette transporters ALD protein peroxisomal �-oxidation

cycle

(Hashimoto, 1999)  

 



 

 8

Acyl CoA oxidase(AOX) 

Peroxisomal �-oxidation Acyl CoA oxidase(AOX)

(	avoprotein) FAD (dimer)

acyl-CoA dehydrogenases (superfamily)

�-strand domain �-helical domain

FAD (Bhaumik et al., 2005) FAD

(H2O2) (dehydrogenation)

AOX AOX1 AOX2 AOX1 VLCFA-CoA

AOX2 (branched-chain fatty acids)(Vanhove et al., 1993)  

 

Acyl CoA oxidase(AOX)  

(peroxisome proliferator activated receptor, PPAR) 

(peroxisome proliferator activated receptor, PPAR) 

(steroid hormone nuclear receptor)

4 functional domain A/B C D

E/F N A/B domain ligand-independent transactivation activation 

function 1(AF-1) C domain type II zinc finger DNA binding 

motif DNA binding domain(DBD) D domain hinge domain DBD

LBD C E/F domain ligand binding domain(LBD) ligand-dependent 

transactivation activation function 2(AF-2) PPAR ligand

ligand PPAR PPAR

9-cis retinoic acid X receptor(RXR) heterodimer

DNA (peroxisome 

proliferator responsive element, PPRE) PPAR  

PPAR isoforms isoform
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(Desvergne and Wahli, 1999)  

1 PPAR�

 

2 PPAR� PPAR�

 

3 PPAR� �1 �2 �2 N �1 30 PPAR�1

�2

 

 

(peroxisome proliferator responsive element, PPRE) 

Tugwood methylation interference assay AOX 5’

(promoter) PPAR TGACCTNTGTCCT(direct repeat, 

DR-1) steroid hormone nuclear receptor (responsive 

element) PPRE (Tugwood et al., 1992)

PPAR promoter DR-1 AOX

PPRE  (High density lipoprotein, HDL) 

apolipoprotein A-I (ApoA-I) apolipoprotein A-II (ApoA-II)

lipoprotein lipase(LPL) liver fatty acid binding protein (L-FABP) adipocyte 

fatty acid bind protein(aP2) acyl-CoA binding protein(ACBP) malic enzyme

phosphoenolpyruvate carboxykinase(PEPCK) peroxisome acyl-CoA sythetase 

(ACS) 3-ketoacyl-CoA thiolase cytochrome P450 4A(CYP 4A)

acyl-CoA sythetase (ACS) medium chain acyl-CoA dehydrogenase HMG-CoA 

synthase(HMGS) PPAR (Schoonjans 

et al., 1996a, b)  
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PPAR PPRE  

(Neat et al., 1980)

(Orellana et al., 1992) Peroxisome �-oxidation

PPAR

PPAR(Gottlicher et al., 1992; Keller et al., 1993)

( 10) (dodecanedioic acid)

transcriptional transactivation assay PPAR(Bocos et al., 

1995) primary hepatocytes

(nonmetabolized fatty acid) �-bromopalmitate AOX mRNA

(Berthou et al., 1995) PPAR�-deficient (PPAR� -/-) PUFA

AOX mRNA (Ren et al., 1997)

PPAR peroxisomal 

�-oxidation AOX

(Halminski et al., 1991) EPA DHA PPAR�

EPA PPAR� agonist(Desvergne, 2007)  
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DHA ALA

C24:5n-3 �6-desaturase ALA

C24:5n-3 DHA(Jensen et al., 1996) ALA

(mitochondria) �-oxidation

DHA (Burdge, 2006) 67% ALA

mitochondrial �-oxidation AA 30%

(Golovko et al., 2007) ALA

(conversion pathway) (oxidative pathway) DHA

(peroxisomal pathway)

ALA THA ER

peroxisome

(Langelier et al., 2005)  

 

 

(SH-SY5Y)

(HepG2) DHA ALA EPA DHA

�6-desaturase AOX

DHA  
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1 Hyclone MEM/EBSS Hyclone NUTRIENT MIXTURE F-12 HAM’s Hyclone 

DMEM/High Glucose(Hyclone) 

2 penicillin/streptomycin fetal bovine serum(FBS) non-essential Amino Acid(NEAA) 

(GibcoBrl/LifeTechnologies) 

3 Myristic acid(C14:0) Palmitic acid(C16:0) Palmitoleic acid(C16:1n-7) Oleic 

acid(C18:1n-9) Linoleic acid(C18:2n-6) Linolenic acid(C18:3n-3) Arachidonic 

acid(C20:4n-6) Eicosapentaenoic acid(C20:5n-3) Docosahexaenoic acid(C22:6n-3) 

(Nu-Chekperp) 

4 Methanol Chloroform Hexane 2-propanol Ethanol 1-butanol Glycerol 

(J.T.Baker) 

5 Proteinase inhibitor cocktail tablets (Roche) 

6 Dimethyl Sulfoxide Ethidium bromide Bromophenol blue CaCl2 HEPES

MgCl2 Tris-HCl ovine serum albumin(BSA) (Sigma-Aldrich) 

7 hAOX antibody Goat anti-rabbit IgG-HRP (Santa Cruz Biotechnology) 

8 Anti mouse IgG (Cell signaling) 

9 Primers  

10 Restriction enzyme T4 DNA polymerase (New England Biolabs) 

11 Taq DNA polymerase dNTP mixture protein marker Oligo-dT primer DNA 

marker Total RNA Reagent plasmid Mini Kit Easy Pure Genomic DNA Mini 

Kit Competent cell LB broth Agarose (Bioman) 

12 PCR Clean up/Gel extraction Kit (Favorgen) 

13 pGL3-Basic vector phRLTK plasmid Dual-Luciferase reporter assay system

M-MLV Reverse Transcriptase RNase-free DNase (Promega) 

14 T4 DNA ligase Lipofectamie2000 (Invitrogen) 

15 30% acrylamide/Bis solution Dc protein assay Kit (BioRad) 
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16 Enhanced-Chemiluminesence PVDF membrane 0.22�m filter (Millipore) 

17 Ammonium persulfate Glacial acetic acid KCl NaCl SDS TEMED Tris-base

Phenol(Merck) 

18 Ampicillin ( ) 

19  (Beckman) 

 

  

10X PBS buffer  

  

NaCl 80g 

Na2HPO4 14.4g 

KH2PO4 2.4g 

KCl 2g 

800mL pH 7.4 1000mL

10  

10X SDS running buffer  

  

Tris base 30.2g 

Glycine 144g 

SDS 10g 

1000mL 10  

5X SDS gel-loading buffer  

  

1M Tris-HCl (pH=6.8) 2.5mL 



 

 15

SDS 1g 

bromophenol blue  

glycerol 5mL 

10mL 10%  

�-mercaptoethanol  

20X Transfer buffer  

  

Tris base 145g 

Glycine 72.5g 

SDS 9.25g 

800mL pH 8.3 1000mL

40mL 20 800mL 200mL methanol 1X Transfer 

buffer  

10X TBST buffer  

  

NaCl 81.82g 

Tris base 12.11g 

1000mL 10 0.05%Tween-20  

50X TAE buffer DNA  

  

Tris base 242g 

Glacial acetic acid 57.1mL 

0.5 M EDTA (pH=8.0) 100 mL 

1000mL 50  
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6X DNA loading dye DNA  

  

bromophenol blue 0.25% 

glycerol 30% 

TE buffer  70% 

DEPC-H2O RNA  

2L 2 ml DEPC (diethylpyrocarbonate, MD Bio, Inc.)

 

Solution I  

  

0.5M Glucose 10mL 

0.5M EDTA (pH=8.0) 2mL 

1.0M Tris-HCl (pH=8.0) 2.5mL 

100mL 4°C  

Solution II  

  

10N NaOH 2mL 

10% SDS (pH=8.0) 10mL 

100mL  

Solution III  

  

5M potassium acetate 60mL 

Glacial acetic acid 11.5mL 

100mL 4°C  
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SH-SY5Y  

  SH-SY5Y (Human neuroblastoma cell line)

(DMSO) 10% FBS 100U/ml penicillin 100U/ml streptomycin

2mM L-glutamine MEM/EBSS NUTRIENT MIXTURE F-12 HAM’s(1 1

) 5% CO2 37

 

HepG2  

  HepG2(human liver hepatocellular carcinoma cell line)

(DMSO) 5% FBS 100U/ml penicillin 100U/ml 

streptomycin 2mM L-glutamine 1X NEAA DMEM/ high glucose

5% CO2 37

 

1X PBS buffer

1mL 0.25% typsin 37

50mL 1,000rpm

 

 

  

 

(NaOH) 0.2N

-20°C 15mL 0.2N

(mole) 1 1
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ovine serum albumin  

Bovine serum albumin(BSA) BSA

3 1

0.22�m 1.5mL -20°C

 

1000�M fatty acids  

   

 

Myristic acid (C14:0) 256.4 3.42mg 

Palmitic acid (C16:0) 228.4 3.84mg 

( 0.9 ) 

Palmitoleic acid (C16:1n-7) 254.4 4.241�L 

Oleic acid (C18:1n-9) 282.5 4.708�L 

Linoleic acid (C18:2n-6) 280.5 4.675�L 

Linolenic acid (C18:3n-3) 278.5 4.641�L 

Arachidonic acid (C20:4n-6) 304.5 5.075�L 

Eicosapentaenoic acid (C20:5n-3) 302.5 5.041�L 

Docosahexaenoic acid (C22:6n-3) 328.6 5.745�L 

BSA  0.33g 

15mL  
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7 x 105 SH-SY5Y

48 1X PBS buffer

1.5mL 4°C 3,000rpm

200�L 1X PBS buffer 200�L

1.5mL chloroform methanol = 1 2

choloform methanol H2O = 1 2 0.4

10 4°C 2  

0.5mL chloroform( BHT ) 0.5mL 0.7% NaCl

choloform methanol H2O = 2 2 1.8

2,500rpm

 

(methylation) 

1mL methanol methylene chloride = 3 1(v/v)

200�L Acetyl chloride

70°C  

4mL 7%K2CO3 10 2mL 

Hexane 10 2,500rpm 10

Hexane

(vial) -20°

 

 

(N2) (H2)
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(Oven temp.) 60°C

B (Injector B temp.) 230°C (Detector A temp.)

280°C Enter  

SISC-32

AIR A

(Signal 1) 0

H2 SISC-32

-20°C 1�L B

(septum) 65

 

 

(Standard 68A)

 

 

 mRNA  

RNA  

7 x 105 SH-SY5Y

48 1X PBS buffer

Total RNA Reagent 1mL 5

1.5 mL 200�L CIAA(Chloroform : isoamyl alcohol=24:1) 10

2 4 12,000 rpm

15 0.5mL 1.5mL 0.5mL isopropanol

–20 1 RNA  
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4 12,000 rpm 15 75%

17�L DEPC-H2O 2�L 10X DNase buffer

1�L RNase-free DNase 37 30 DNA 80�L 

DEPC-H2O 100�L 100�L DEPC-H2O phenol

phenol 100�L CIAA

100�L( V) RNA 1.5mL 2V 100% ( 200�L 100%

) 1/10V 3M NaOAC( 10�L 3M NaOAC pH5.2) –20

1  

4 12,000 rpm 15 75%

DEPC-H2O RNA 50

10 O.D.260 O.D.280 RNA  

cDNA  

RNA 5�g RNA 200�l DEPC-H2O

13�L 1�L Oligo-dT primer 70 10

4�L 5X MMLV-RT buffer 1�L dNTP (10mM) 1�L MMLV-Reverse 

transcriptase(200U/�L) 25 10 42 50

90 5 10 1�L 

RNase(2U/�l) 37 20 cDNA  

 (Polymerase Chain Reaction, PCR) 

cDNA 50ng/�l 4�L (200ng) cDNA

5�L 10X Taq PCR buffer 1�L dNTP mixture (10mM) 5’ 3’  

(10�M) 1�L 0.5�L Taq DNA polymerase (5U/�L)

50�L 1% DNA marker
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(GeneBank)  Tm (5’
3’) 

5F GCTCAAAATCCCTCCTTTCC Acyl CoA oxidase 

(NM_004035) 3R 

55

AGATTTCGCCACTGCACTCT 

5F ATCCCTTTCTACGGCATCCT Delta-6 desaturase 

(NM_004265) 3R 

55

GGACACCCCTCAGAACAAAA 

5F CCAAGGTCCAAGAAACTGGA D-bifunctional protein 

(NM_000414.2) 3R 

55

CCTTCAGCCTGCCACTAAAG 

5F AAAGGATCCACTGGCGTCTTCACCACCGAPDH

(NM_002046) 3R 

55

GAATTCGTCATGGATGACCTTGGCCAG 

DNA  

1% DNA 1g 250mL 1X 

TAE 100mL

1.6�L EtBr (10mg/mL)

DNA DNA marker 6X 

DNA loading dye (well) 1X TAE 120

UV DNA marker PCR

 

 

 (Western blot)  

 

7 x 105 SH-SY5Y

48 1X PBS buffer

1mL 1X PBS buffer 1.5 ml 4 3,500 

rpm 10 1X PBS buffer protease 
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inhibitor(50 ) -80

 

 

DC protein assay kit BSA 1.4�g/�L

0.7�g/�L 0.35�g/�L 0.175�g/�L 0�g/�L 20�l

20�L 100�L Reagent A

800�L Reagent B 15 (

655nm) BSA  

 

60�g 5X SDS gel-loading 

buffer( 10% �-Mercaptoethanol) 1:4 100 10

 

SDS-PAGE  

Hofer Mighty Small Mini-Vertical unit

(Running gel) 7mL

70% 30

(Stacking gel) 15 20

4  

 

10% Running gel (20mL)  

  (mL) 

H20 7.9 

30% Acrylamide mix 6.7 

1.5M Tris buffer (pH=8.8) 5.0 

10% SDS 0.2 
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10% Ammonium persulfate 0.2 

TEMED 0.008 

 

5% Stacking gel (6mL)  

  (mL) 

H20 4.1 

30% Acrylamide mix 1.0 

1.5M Tris buffer (pH=8.8) 0.75 

10% SDS 0.06 

10% Ammonium persulfate 0.06 

TEMED 0.006 

 

 

250mL 1X SDS-PAGE running 

buffer protein marker

80 Stacking gel Running gel 110

 

 

Stacking gel

Transfer buffer 10 PVDF membrane 100%

1 Transfer buffer PVDF 

membrane (3 ) PVDF membrane (3 ) Hoefer 

TE 70 Semiphor Transphor PVDF membrane

0.8
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PVDF membrane TBST buffer Transfer buffer

Blocking buffer(5% milk in TBST buffer) 1

Blocking buffer 4 16

TBST buffer PVDF membrane 10

TBST buffer Blocking buffer

1 TBST buffer

10 PVDF membrane TBST buffer

 

 

Enhanced-Chemiluminesence(ECL) Oxidase Reagent Enhance Luminol 

Reagent 1 1 PVDF membrane 1

HRP (horse radish peroxidase) PVDF membrane

PVDF membrane UVP   

 

 genomic DNA  

genomic DNA SH-SY5Y Easy Pure Genomic DNA 

Mini Kit 2X106 1X PBS 

buffer 1.5mL 3,000rpm

4°C 1X PBS buffer 50�L PBS

600�L Cell Lysis Solution pipeting

3�L RNase Solution

200�L Protein Precipitation Solution 20

13,000rpm 3 DNA

1.5mL 600�L isopropanol
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DNA 13,000rpm 1 DNA

600�L 70% DNA

60�L 65°C DNA

genomic DNA 4°C  

 

  

Acyl CoA oxidase(AOX) promoter  

NCBI AOX (promoter) response element

forward primer 5’

Kpn I GGTACC reverse primer 5’ Bgl II AGATCT

 

 

AOX-P 5F 5' GGGGTACCTATTCTTGTAATTCTCGTGTAAAT 3' 

     Kpn I 

AOX-P 3R 5' GAAGATCTAGCTGGCAGCGAAGTAAGCA 3' 

     Bgl II 

Insert  

proofreading PhusionTM Flash (Finnzyme) PCR

promoter  

98°C 10  

98°C 2 63°C 5 72°C 45 3  

98°C 2 60°C 5 72°C 45 3  

98°C 2 57°C 5 72°C 45 3  

98°C 2 65°C 5 72°C 45 30  

72°C 1  
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4°C  

Insert  

PCR clean-up kit 5 FAGX buffer

FAGX column Collection tube

13,000rpm 30 buffer DNA colume

600�L Wash buffer( ethanol) DNA 13,000rpm

30 buffer 13,000rpm

colum 1.5mL column

7�L 10 DNA

 

 

Vector insert ligation

vector pGL3-basic luciferase reporter vector New England 

Biolabs (NEB) PCR insert 400ng

vector 1�L 2 NEBbuffer 1�L 10X BSA(1mg/mL) 1�L Kpn I 1�L Bgl 

II 10�L 37°C 3  

Ligation 

PCR clean-up kit vector insert 1

10 2�L 5X ligation buffer 1�L T4 DNA ligase

10�L sticky end 3

 

1X Luria-Bertani(LB)  

LB Broth Lennox 20 g 1L

pH 7.0 4°C  
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100mL 1X LB 1g Bacto-agar

Bacto-agar amplicillin(

100�g/mL) dish 2/3

4°C  

(Transformation) 

-80°C 30�L 1.5mL

2.5�L ligation mixture( 1/10)

10 42

1 5 2X LB 1X LB

37 30 ampicillin 1% LB 

plate LB plate

plate 37°C 12~16 ampicillin

 

 

plasmid Mini Kit

3mL 1X LB( ampicillin) 37°C 16

1.5mL 1.5mL 13,000rpm 30

200�L PD1 buffer( RNaseA)

200�L PD2 buffer 10

300�L PD3 buffer 10

13,000rpm 3 13,000rpm

30 buffer DNA 400�L W1 buffer

DNA 13,000rpm 30 buffer 600�L Wash 

buffer 13,000rpm 30 buffer 13,000rpm
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3 1.5mL

30�L DNA 10 13,000rpm 3

DNA DNA  

 

DNA 200ng 500ng 5�L

1�L primer(10nM) primer vector

DNA  

 

3mL 1X LB( ampicillin)

37°C 16 3mL 250mL LB(

ampicillin) 37°C 16

JA-14 rotor 4°C 4,000rpm 10

10mL Solution I

Solution I

20mL Solution II 10

15mL Solution III

4°C 4,000rpm 15

250mL 50mL 0.6

isopropanol 10 plasmid DNA 4°C

4,200rpm 10 DNA 70%

50mL

4mL TE buffer (pH=8.0) DNA

CsCl 1mL DNA 1.1g CsCl

DNA/ CsCl 10mL DNA/ CsCl 0.08mL 

EtBr(10mg/mL) 4°C 4,200rpm 20
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adaptor 20°C

65,000rpm 16 5mL plasmid DNA

15mL DNA (1-butanol)

DNA Etbr DNA DNA

15mL DNA

100% 10

DNA 4°C 4,200rpm 15

70% DNA DNA

-20°C  

 

 Reporter gene  

DNA 

DNA 100�L( ) 1/10V 3M 

NaOAc (pH=5.2)( 10�L) 2V 100% ( 200�L) -20°C

1 4°C 12,000rpm 15 (laminar 

flow hood) DNA 70% 5

DNA 1�g/�L -20°C

 

(Transient transfection) 

24 well 16 24 Lipofectamin2000

DNA phRLTK 5:1

1.5mL 50�L 1�g DNA

2�L Lipofectamin2000 5

30 24 well 200�L

30 100�L DNA- Lipofectamin
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37°C 6 0.5mL

18  

Luciferase  

Dual-Luciferase Reporter Assay System Kit 5X passive lysis 

buffer(PLB) 1  PLB

1X PBS buffer 100�L 1X PLB 15

1.5mL

10,000rpm 1 96

-80°C Luciferase Assay Reagent Stop & Glo Reagent

100�L Luciferase Assay Reagent firefly luciferase

well 100�L Stop & Glo Reagent renilla luciferase  
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 ALA DHA  

n-3PUFA

HepG2

24 ALA 48

(GC) EPA DPA DHA

10�M ALA ALA 1.2 %

EPA DPA DHA ALA

30�M ALA 3.4 % EPA DPA

DHA ALA 60�M ALA

7.1 %  (dose-response)

EPA DPA DHA (Figure 1.) ALA

ALA 48

RNA RT-PCR assay �-6 

desaturase AOX DBP �-6 desaturase

ALA 60�M ALA control

38% ALA AOX ALA

ALA 30~60�M DBP

ALA (Figure 2.)

�-6 desaturase ALA EPA

DPA DHA  

EPA DHA

EPA 48 GC

10�M 30�M 60�M EPA

EPA DPA

DHA (Figure 3.) EPA
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EPA �-6 

desaturase 60�M EPA 60% AOX

30�M EPA 44% DBP EPA (

20~25%)(Figure 4.) �-6 desaturase C24:5n-3

THA THA EPA DPA

elongase DHA EPA �-6 

desaturase DHA  

 

 ALA DHA  

DHA DHA

SH-SY5Y ALA

48 GC DHA

ALA ALA

ALA 30�M EPA DPA 4.5 % 5.3 %

ALA 60�M DHA

(Figure 5.) mRNA 60�M ALA AOX

36% �-6 desaturase 20% DBP

(Figure 6.) SH-SY5Y

ALA DPA ALA

ALA AOX THA peroxisome

DHA DHA EPA

EPA DPA

DHA (Figure 7.) EPA

ALA �-6 desaturase 20% AOX

60% (Figure 8.) SH-SY5Y ALA EPA
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DHA

AOX  

EPA AOX

30 �M 60 �M EPA SH-SY5Y 24 48

72 96 RNA 30�M EPA AOX 24

48 60% 72 96

AOX EPA (Figure 9A.) 60�M EPA 24

AOX 40% 40~50% 96 (Figure 9B.)  

Western blot assay EPA AOX

10~60�M EPA 48

10�M EPA AOX 30�M 60�M EPA

AOX 50%(Figure 10.)  

 

 AOX  

PUFA ligand PPAR isoform

PPRE AOX PPRE

SH-SY5Y EPA AOX

PPRE NCBI AOX PPRE (AGGTCA 

G CTGTCA)  -1918  -1906  -2072  +43

phAOX-Luc luciferase assay (Figure 11.)

SH-SY5Y 60�M ALA EPA

60�M EPA  luciferase 20% ALA

luciferase 25%(Figure 11C.) PPRE

ALA EPA AOX  

PPAR� agonist(WY14643) EPA
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AOX (Tang et al., 2003) EPA PPAR�

AOX (Desvergne, 2007) HepG2 EPA

Western blot 10 60�M EPA AOX

(Figure 12) phAOX-Luc HepG2

24 PPAR agonist PUFA WY14641 PPAR�

agonist L165041 PPAR� agonist Rosiglitazone PPAR� agonist

agonist luciferase 15% 20% 60�M EPA

luciferase 10% 60�M ALA (Figure 

13) PPAR agonist EPA AOX  

 

 EPA PPAR AOX  

AOX PPAR

SH-SY5Y PPAR agonist Western blot AOX

PPAR� PPAR� PPAR� agonist AOX (Figure 

14.) EPA AOX (Figure 10.)

EPA PPAR PPAR ligand binding domain

Gal4 DNA binding domain fusion protein Gal4 binding sequence

luciferase gene SH-SY5Y PPAR agonist

EPA luciferase assay PPAR agonist

PPAR luciferase activity EPA PPAR 

isoforms agonist(Figure 15.) Figure 14.

SH-SY5Y PPAR agonist AOX EPA

agonist PPAR EPA AOX

EPA AOX PPAR
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 DHA  

ALA DHA EPA

DPA DHA HepG2 ALA DHA

HepG2 ALA ALA ALA

EPA DPA DHA EPA DPA

DHA (Figure 1. & 3.) mRNA

ALA EPA 6-desaturase 62%

57%(Figure 2. & 4.) ALA 6 -desaturase C18:4n-3

EPA 6-desaturase C24:5 n-3 THA

DHA

n-6 n-3PUFA 6-desaturase

5-desaturase (Cho et al., 1999a; Cho et al., 1999b) Nuclear 

run-on assay ( 18:2n-6)

6-desaturase (Tang et al., 2003) AA ETYA 

(eicosatetraenoic acid) 6-desaturase 18:2n-6

AA (Nakamura et al., 2000)  

 

 6-desaturase  

SREBP-1 NF-Y lipogenic genes

fatty acid synthase (FAS) stearoyl-CoA desaturase-1 lipogenic 

genes PUFA (Tabor et al., 1999; Teran-Garcia et al., 2002) 2002

6-desaturase promoter -222/-231

E-box-like sterol response element -273/-286 NF-Y recognition site (Nara 

et al., 2002) PUFA PUFA SREBP-1 

mRNA precursor SREBP-1 protein(Xu et al., 2001)
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precursor SREBP-1 proteolytic release (Hannah et al., 2001; Worgall et 

al., 1998) SREBP-1 PUFA NF-Y

(posttranslational 

modification) ALA DHA

6-desaturase 100%

DHA  

 

 DHA  

SH-SY5Y DHA SH-SY5Y

ALA EPA DPA ALA EPA

(Figure 5. & 7.) ALA EPA

AOX (Figure 6. 8. & 10.)

n-3PUFA DHA ALA EPA

-6 desaturase DHA

DHA 4-desaturase AOX

THA �-oxidation AOX DHA

(Voss et al., 1991) AOX

DHA (Wanders et al., 2000) Y79

Y79 (retinoblastoma)

DHA 0 70 �M ALA DHA

ALA 70 �M ALA AOX

7�M ALA AOX 2

SH-SY5Y 10�M ALA AOX (Langelier 

et al., 2003) Bernoud

ALA DHA(Bernoud et al., 1998)
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(astrocyte) ALA EPA DPA DHA

DPA (Innis and Dyer, 2002)

DHA AOX (Figure 

6. 8. & 10.)  

DHA (Kaduce 

et al., 2008) DHA

(Williard et al., 2001)

DHA DHA  

 

 AOX  

PPRE AOX PPAR RXR

PPAR� agonist (ciprofibrate)

AOX (Reddy et al., 1986)

PPAR� (PPAR�-/-) AOX(AOX-/-) (fasting)

AOX (Hashimoto et al., 2000)

peroxisomal �-oxidation

AOX (Halminski et al., 1991)

PPAR� EPA PPAR� PPAR�

EPA PPAR� agonist(Desvergne, 2007)

ALA EPA AOX (Figure 2. & 4.)

PPAR agonist EPA AOX promoter (Figure 13.)

EPA AOX (Figure 12.)  

PPAR isoform PPAR�

PPAR� mRNA CNS PPA �

PPAR� mRNA CNS (Braissant and Wahli, 



 

 41

1998) PPAR�

agonist(L-165041) acylCoA synthase 2

(Basu-Modak et al., 1999) glial cell oligodendrocytes

myelin basic protein proteolipid protein

PPAR� agonist (Saluja et al., 2001) 1999 EPA PPAR�

ligand-binding domain X - ray crystallographic analysis

(Xu et al., 1999) PPAR�

PPAR� agonist(15-deoxy-� prostaglandin J2 GW1929) LA-N-5 

neuroblastoma cell line (Han et al., 2001) L1 

glioblastoma cell line(Cimini et al., 2000) HPA astrocytic cells T98G astrocytoma 

cell line (Chattopadhyay et al., 2000) HCT116 colorectal 

cancer cell line PPAR� AOX PPRE PPAR�

(He et al., 1999) PPAR� � � AOX promoter PPRE

AOX  

PPAR agonists

PPAR LA AA Xenopus 

PPAR�(Kliewer et al., 1997) PPAR� (Forman et 

al., 1997) HepG2 n-3 n-6 PUFA PPAR (Wolfrum 

et al., 2001) MCF-7 breast adenocarcinoma cell line n-3PUFA

PPAR n-6 n-9 PUFA (Thoennes et al., 2000)  

3T3-L1 adipose like cell line electrophoretic mobility shift 

assay (EMSA) AA ETYA (eicosatetraenoic acid) PPAR�

DNA (Long and Pekala, 1996) HCT116 DHA

PPAR� PPAR� AOX PPRE PPAR� PPAR�

(Lee and Hwang, 2002)  
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EPA AOX AOX promoter

AOX PPAR� PPAR� PPAR� agonist

AOX (Figure 14.) EPA AOX PPAR

PUFA

ligand mRNA

PUFA SREBP-1

SREBP-1 SREPB-1

AOX SREPB-1

ALA EPA

n-3PUFA AOX

AOX mRNA AOX

 

 

 EPA AOX  

EPA

AOX

(Halminski et al., 1991)

(Florent-Bechard et al., 

2007) EPA AOX

 

 

  

HepG2 ALA EPA DHA

PUFA 6-desaturase DHA

EPA HepG2 PPAR� AOX
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SH-SY5Y ALA EPA

DHA PUFA

6-desaturase AOX

DHA EPA AOX promoter

EPA AOX

EPA AOX

PPAR  

SH-SY5Y
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ALA (�M) ALA (�M) Fatty acids 
(% by weight) 0 10 30 60 

Saturated 
C14:0 3.72 ± 1.07 3.47 ± 0.57 3.99 ± 0.04 3.60 ± 0.53 
C16:0 31.55 ± 1.71 32.66 ± 2.70 34.37 ± 1.89 35.34 ± 2.69 
C18:0 8.27 ± 0.33 7.42 ± 0.79 7.70 ± 0.04 8.23 ± 1.01 
Monounsaturated 
C16:1n-7 12.84 ± 1.09 12.98 ± 0.82 12.44 ± 0.37 11.39 ± 1.68 
C16:1n-9 0.38 ± 0.03 0.30 ± 0.03 0.38 ± 0.06 0.41 ± 0.03 
C18:1n-9 25.53 ± 2.41 26.24 ± 1.26 22.85 ± 1.43 20.12 ± 1.57 
n-6 Polyunsaturated 
C18:2n-6 0.72 ± 0.26 0.50 ± 0.17 0.49 ± 0.12 0.49 ± 0.15 
C20:4n-6 1.20 ± 0.60 1.26 ± 0.29 1.23 ± 0.07 1.08± 0.23 
C22:4n-6 0.06 ± 0.00 0.05 ± 0.02 0.03 ± 0.01 0.02 ± 0.01 
C22:5n-6 0.05 ± 0.00 0.02 ± 0.02 0.02 ± 0.02 0.02 ± 0.01 

Figure 1. Changes of ALA, EPA, DPA, and DHA in total fatty acids of HepG2 cells 

incubated with increasing amounts of ALA in the medium. 

HepG2 cells were seeded and grown as described in the Methods. At 24h after seeding, 

the medium was replaced with medium containing 0, 10, 30 or 60�M ALA and cultured 

for 48h further. Fatty acid profile in the total lipid of the cells were analyzed by gas 

chromatography (GC). Values are mean ± SD of three independent experiments. Values 

marked with asterisks are significantly different from that of untreated control (no ALA 

supplementation) (P 0.05). 
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Figure 2. Effect ALA on the abundance of the hepatic �-6 desaturase, AOX and 

DBP transcripts in HepG2 cells. 

HepG2 cells were treated with 0, 10, 30 or 60�M ALA for 48h as described in figure 1. 

Total RNA was harvested, and mRNA levels of �-6 desaturase, AOX, DBP and GAPDH 

were determined by RT-PCR assay. Levels of �-6 desaturase, AOX, and DBP mRNA 

levels were normalized to the level of GAPDH and expressed relative to those in the 

untreated cells (relative value = 1). 
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EPA (�M) EPA (�M) Fatty acids 
(% by weight) 0 10 30 60 

Saturated 
C14:0 3.06 ± 0.14 3.32 ± 0.33 3.34 ± 0.26 3.50 ± 0.21 
C16:0 30.51 ± 0.23 30.73 ± 0.36 30.94 ± 1.02 32.37 ± 2.81 
C18:0 8.55 ± 0.73 9.18 ± 1.12 10.76 ± 0.50 11.86 ± 0.27*
Monounsaturated 
C16:1n-7 13.05 ± 1.38 12.29 ± 0.37 10.36 ± 0.45* 8.89 ± 0.53* 
C16:1n-9 0.27 ± 0.23 0.18 ± 0.26 0.39 ± 0.19 0.49 ± 0.14 
C18:1n-9 25.90 ± 1.89 25.00 ± 1.04 22.58 ± 0.51 18.24± 0.39*
n-6 Polyunsaturated 
C18:2n-6 0.78 ± 0.17 0.82 ± 0.16 0.70 ± 0.08 0.72 ± 0.02 
C20:4n-6 1.47 ± 0.22 1.39 ± 0.12 1.16 ± 0.33 1.02 ± 0.07 
C22:4n-6 0.06 ± 0.03 0.04 ± 0.02 0.04 ± 0.06 0.00 ± 0.00 
C22:5n-6 0.05 ± 0.01 0.04 ± 0.01 0.02 ± 0.03 0.00 ± 0.00* 

Figure 3. Content of ALA, EPA, DPA, and DHA in fatty acids of HepG2 cells 

incubated in medium supplemented with 10-60�M EPA. 

HepG2 cells were incubated in medium supplemented with 0 to 60 �M EPA for 48h. 

Fatty acid compositions were analyzed by GC. Values are mean ± SD of three 

independent experiments. Values marked with asterisks are significantly different from  

that of the untreated control (P 0.05). 
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Figure 4. Effects of EPA on the mRNA levels of �-6 desaturase, AOX and DBP in 

the HepG2 cells. 

HepG2 cells were grown in the absence (0) or presence of 10 , 30, or 60μM EPA for 48h 

as described in figure 3. Total RNA was harvested and the mRNA abundance was 

analyzed by RT-PCR assay. Level for mRNA abundance were estimated as described in 

figure 2. 
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ALA (�M) Fatty acids 
(% by weight) 0 10 30 60 

Saturated 
C14:0 2.14 ± 0.69 2.30 ± 1.02 2.21 ± 0.74 2.00 ± 0.92 
C16:0 24.38 ± 0.84 24.38 ± 3.27 21.64 ± 0.69 21.25 ± 1.18 
C18:0 22.07 ± 1.21 22.73 ± 2.63 22.92 ± 2.43 20.48 ± 2.27 
Monounsaturated 
C16:1n-7 2.24 ± 0.20 2.88 ± 0.10 2.20 ± 0.06 1.75 ± 0.20 
C16:1n-9 3.47 ± 0.24 3.02 ± 0.24 2.23 ± 0.15* 1.75 ± 0.21* 
C18:1n-9 22.51 ± 0.42 20.69 ± 1.33 16.46 ± 0.70* 12.43 ± 0.74*
n-6 Polyunsaturated 
C18:2n-6 0.68 ± 0.09 0.98 ± 0.05 0.99 ± 0.01* 0.18 ± 0.11* 
C20:4n-6 7.46 ± 0.51 6.15 ± 0.96 5.61 ± 0.29* 4.74± 0.46* 
C22:4n-6 2.32 ± 0.46 1.39 ± 0.65 1.43 ± 0.21 1.23 ± 0.25 
C22:5n-6 0.70 ± 0.05 0.28 ± 0.04* 0.30 ± 0.04* 0.27 ± 0.02* 

Figure 5. Changes of the ALA, EPA, DHA and DPA in total fatty acids from 
SH-SY5Y cells culture with increasing concentrations of ALA. 
SH-SY5Y cells were cultured as described in Materials and Methods and supplemented 

with increasing concentrations of ALA(10, 30, or 60μM) for 48 h. Fatty acids 

compositions were analyzed by GC. Results are expressed as the percentage of total 

fatty acids. Values are mean ± SD of three independent experiments. Asterisks indicate 

that the value is significantly different from that of the untreated control of each fatty 

acid (P < 0.05).  
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Figure 6. Changes in the neuron abundance of �-6 desaturase, AOX and DBP 

mRNA in response to ALA in SH-SY5Y cells. 

Neuron mRNA abundance of �-6 desaturase, AOX, DBP, and GAPDH were measured 

by RT-PCR in SH-SY5Y cell treated with 0 to 60μM ALA. Values for mRNA 

abundance were estimated as described in figure 2. 
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EPA (�M) Fatty acids 
(% by weight) 0 10 30 60 

Saturated 
C14:0 1.72 ± 0.10 1.72 ± 0.00 1.78 ± 0.02 1.74 ± 0.14 
C16:0 23.75 ± 0.07 23.25 ± 0.87 20.55 ± 0.69* 19.57 ± 0.07*
C18:0 22.50 ± 0.60 22.35 ± 1.13 20.60 ± 0.53 19.18 ± 0.58*
Monounsaturated 
C16:1n-7 2.11 ± 0.02 2.81 ± 0.81 2.56 ± 0.23 1.78 ± 0.55 
C16:1n-9 3.31 ± 0.03 2.76 ± 0.64 2.24 ± 0.13* 1.61 ± 0.23* 
C18:1n-9 22.54 ± 0.47 20.12 ± 1.38 16.73 ± 1.32* 13.86 ± 1.99*
n-6 Polyunsaturated 
C18:2n-6 0.74 ± 0.17 1.22 ± 0.14 1.33 ± 0.44 1.22 ± 0.04 
C20:4n-6 7.88 ± 0.09 6.30 ± 0.16* 5.92 ± 0.09* 0.00± 0.00* 
C22:4n-6 2.84 ± 0.28 1.29 ± 0.16* 0.94 ± 0.11* 0.79 ± 0.04* 
C22:5n-6 0.70 ± 0.06 0.26 ± 0.11* 0.24 ± 0.06* 0.20 ± 0.03* 

Figure 7. Changes of ALA, EPA, DPA, and DHA in total fatty acids of SH-SY5Y 

cells after supplementation with increasing concentrations of EPA. 

Cells were incubated in medium containing 0 to 60�M EPA for 48h, fatty acid profile 

was determined by GC. Each value is the mean ± SD of three independent experiments, 

and expressed in percentage by weight of total fatty acids. Single asterisk depicts results 

significantly different from that of the untreated control, P<0.05. 
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Figure 8. Effect of various concentrations of EPA on mRNA levels of �-6 

desaturase, AOX and DBP in SH-SY5Y cells. 

Confluent SH-SY5Y was cultured for 48h in medium that containing 0 to 60�M EPA as 

described in figure 7. A representative RT- PCR depicting the effect of EPA on the 

SH-SY5Y abundance of �-6 desaturase, AOX, DBP, and GAPDH mRNA. Values for 

mRNA abundance were estimated as described in figure 2. 
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Figure 9. Time-course effect of EPA on mRNA expression of AOX in SH-SY5Y 

cells. 

SH-SY5Y cells were treated without or with 30�M EPA (A) or 60�M EPA (B) and total 

RNA were harvested at the time points as indicated, levels of AOX and GAPDH mRNA 

were determined by RT-PCR. The abundance of mRNA was expressed as fold over the 

value of control (relative value =1). Values for mRNA abundance were calculated as 

described in figure 2. 
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Figure 10. Protein levels of AOX in SH-SY5Y cells treated with EPA for 48h. 

Confluent SH-SY5Y cells maintained for 48 h in a medium that contained 0 to 60�M of 

EPA as described in figure 7. 60�M protein were loading on each lane, and separated by 

SDS-PAGE and then blotted with AOX antibody. A representative Western blot 

depicting the effect of EPA on the SH-SY5Y abundance of AOX and �-actin protein 

levels. AOX protein levels were normalized to those for �-actin and expressed relative 

to that in the untreated cell (relative value = 100). Values are mean of two independent 

experiments. 



 

 55

 
 

 

 
 
 
 

 
 
 



 

 56

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 11. Regulation of the human AOX promoter activity by EPA and ALA in 

SH-SY5Y cells. 

(A) Sequence of the human AOX gene promoter from -2072 to -1629 was shown 

(accession no. NG_008190). Numbers quoted are relative to the transcriptional start site 

at 1. Bold underlined sequence indicates the PPRE consisting of the sequence 

AGGTCA G CTGTCA (–1918 to –1906). (B) Promoter of human AOX gene from 

-2072 to +43 was cloned into pGL3-basic luciferase. Schematic structure of 

phAOX-Luc reporter constructs were shown. (C) AOX promoter–luciferase construct 

(phAOX-Luc) was transiently transfected into SH-SY5Y cells. The phRLTK was 

co-transfected as reference plasmid. Twenty four hours after transfection, each well was 

untreated or treated with 60�M EPA or ALA. After 24 h incubation, firefly luciferase 

activity were measured and normalized to Renilla luciferase activity and relative 

luciferase are expressed relative to that of the untreated cells (relative value = 100). 

Values are mean ± SD of three independent experiments. Asterisks indicate that the 

values are significantly different from the control (P < 0.05). 
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Figure 12. Protein levels of AOX in HepG2 cells treated with EPA for 48h. 

HepG2 cells were grown in the absence (0) or presence of 10 or 60μM EPA for 48h as 

described in figure 3. Total protein was collected and levels of AOX and �-actin were 

detected by Western blot with specific antibodies. AOX protein levels were normalized 

with �-actin as described in figure 11. Values are mean of two independent experiments. 
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Figure 13. Regulation of the human AOX promoter by PPAR agonists, EPA or 

ALA in HepG2 cells. 

AOX promoter–luciferase construct (phAOX-Luc) and phRLTK were transiently 

co-transfected into HepG2 cells. At 24h after transfection, each well was treated with 

either WY14641, L165041, Rosiglitazone, EPA or ALA for 24h. Firefly luciferase 

activities were measured and normalized as described in Figure 11(C). Values are mean 

± SD of three independent experiments. Asterisks indicate that the values are 

significantly different from the control (P < 0.05). 
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Figure 14. Change of AOX protein level in response to WY14643, L165041 or 

Rosiglitazone treatment in the SH-SY5Y cells. 

SH-SY5Y cells were treated with different PPAR agonist for 24h and the cell lysates 

were analyzed by Western blot (50 μg total protein/lane) using antibodies that 

speci�cally recognize AOX and �-actin. AOX protein levels were estimated as 

described in figure 11. 
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Figure 15. Transcription activity of rPPAR by either PPAR agonist or PUFA in 

SH-SY5Y cells. 

Schematic structure of prPPAR-Gal4 and pGal4-Luc reporter constructs. (B) Reporter 

plasmid pGal4-Luc and phRLTK were co-transfect into SH-SY5Y with prPPAR�-Gal4, 

prPPAR�-Gal4, or prPPAR�-Gal4 fusion protein expression plasmid(pGal4-Luc: 

prPPAR -Gal4: phRLTK = 2.5 : 2.5 : 1). After 24h incubation, each well was treated 

with either PPAR agonist or EPA as indicated. Cells were collected 24h after treatment, 

and then the luciferase activities were measured and normalized as described in Figure 

11(C). Values are mean ± SD of three independent experiments. Asterisks indicate that 

the values are significantly different from the control (P < 0.05). 
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Supplementary figure 1. Changes of DHA in total fatty acids of HepG2 cells or of 

SH-SY5Y cells after supplementation with ALA, EPA or DHA. 

HepG2 cells (A) or SH-SY5Y cells (B) were incubated in medium supplemented with 

ALA, EPA, or DHA for 48h. Fatty acid compositions were analyzed by GC. Values are 

mean ± SD of three independent experiments. Values marked with asterisks are 

significantly different from that of the untreated control (P 0.05). 
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�g fatty acid / mL medium Fatty acids FBS 
(% by weight) 5% FBS 10% FBS 

Saturated
C14:0 0.00 0.00 0.00
C16:0 29.61 5.51 11.01 
C18:0 17.03 3.17 6.33
Monounsaturated
16:1 n-7 3.69 0.69 1.37 
16:1 n-9 1.68 0.31 0.62 
18:1 n-7 5.70 1.06 2.12 
18:1 n-9 18.29 3.40 6.80 
n-6 Polyunsaturated
18:2 n-6 5.68 1.06 2.11 
20:4 n-6 8.82 1.64 3.28 
22:4 n-6 1.70 0.32 0.63 
22:5 n-6 1.49 0.28 0.55 
n-3 Polyunsaturated
18:3 n-3 0.00 0.00 0.00
20:5 n-3 0.54 0.10 0.20
22:5 n-3 0.16 0.03 0.06
22:6 n-3 3.14 0.58 1.17

Supplementary table 1. Fatty acid composition of culture medium
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