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Characterization of a fad3 cDNA Encoding Microsomal Fatty Acid Desaturase
from Arabidopsis thaliana.

PARK, Hee Sung* - LIM, Kyung Joon!

Department of Plant Breeding, Catholic University of Taegu-Hyosung, Kyungpuk, 713-702, Korea: and
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For the molecular genetic study of cold tolerance mechanism in plants, a cDNA encoding fatty acid desaturase (fad3),
converting linoleic acid (18:2, »-6) to linolenic acid (18:3, -3), was isolated from AZAPII Arabidopsis thaliana cDNA
expression library by plaque hybridization using fad3 cDNA probe derived from Brassica napus. A 1.8 kb-EcoRI fragment
from a lambda clone showing a strong positive hybridization signal was subcloned into pGEM7 and analyzed for its
nucleotide sequence. From deduced amino acid sequences, the fad3 gene was revealed to have an open reading frame
(ORF) consisting of 386 amino acids with a molecular mass of 44,075 Da. The fad3 gene was compared to chloroplast -3

fatty acid desaturase (fad7) and endoplasmic reticulum A12 fatty acid desaturase (fad2) to show 70% and 58% amino acid

sequence homology, respectively. Especially, amino acids of internal (82 to 151) and carboxy terminal (276 to 333) regions
were highly conserved, implying their requisite role for enzymatic functioning of fatty acid desaturases. IPTG-induced
fad3 cDNA expression in E. coli cells was suggested to be toxic to bacterial growth.
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thaliana ¢cDNA library= X8 A d9tit B E3 EA(e-3
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A. thaliana®) microsomal fad3 cDNA 2-8]E 93 DNA
probeZ= Arabidopsis Biological Resource Center(Columbus,
USA)8XE] RorS Brasicca napusZHFE1e] fad3f-A A
(pBNDES3) & Ap&-8}eich pBNDES3 DNAE Newll g A
Eled de]A 1.3 kb2l cDNA 2722 random primer
labeling ¥} (Promega)el] 2}8}ed [a-ZP]dCTPE %A} 3519}
t}. @-3 fatty acid desaturase®] -f-AA} A4he A, thaliana®)
¢DNA library 2%-€] plaque hybridization ¥} (Sambrook et
al, 1989)e]l 9]3}ed s3}edc). 23}, 3xF hybridization®] A1
o 9|3 A. thaliana®| fad3 lambda cloneg &2 319t}
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insert:= subcloningg- ¢} 8} pGEM72] EcoRI #x|o AFY
sledom o] E coli DH5ad)| £9)3}ed pGEM7-fad3-& Al
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Erase-a-Base system(Promega) & Ab£38tddh. A x3
plasmid DNAXx 5-overhang A|3t& 4 ¢l BamHIz} 3'-
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acetate, pH 4.6, 034 M NaCl, 1.35 mM ZnSO4, 6.7%
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1977) & AH4-3ksich. DNA 9 opp| At 3A S 93
PC/GENE software program(IntelliGenetics, CA, USA)-S ¢]
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polymerase chain reaction (PCR)S 48} 8}9) =H(Primer 1, 5-
TCTCCGCATATGGTTGTTGCTATGGCACAA-3 : Primer
2, 5-TTCCTACTCGACTAAACAAATGGAGATTA-3).
PCR £F271L 9°Col| A 28 E9oF denaturation, 55° Col| A
18 30%7} apnealing 28] 72°CellA] 187} polymerization
AFle A& 1 cydeZ 3o 25 cyclesS 38 F 2 Fuks
o8 72°Co|A 10 27} o} vHeA)F o™ Gene-clean ¥} o]
9J8)(Biol0l, USA) PCRAMFE-S H&eldl %, o] agarose gel
A7199%5el os) gzt
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A % & 38ke] Calcium Chlorided}® o]l 2] s E. coli
BL2L(DE3)o] =88t A28 shyae] WML A =g F
SDS polyacrylamide gel electrophoresise]] 2] &te] &elstedch
(Sambrook et al, 1989).
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Figure 1. Nucleotide and deduced protein sequence of A. thaliana
fad3 ¢cDNA. Initiation codon, ATG and termination codon, TAA are
underlined.
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Figure 2. Homology comparison of deduced amino acid sequences of

fatty acid desaturases from A. thaliana:
desaturase:

gl pET-ATad3E A3

FAD3, microsomal -3

FAD7, chloroplast ©-3 desaturase: FAD2Z, A-12
desaturase. Asterisks indicate identical residues and dots are ones
with similarity.
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(1.2 kb PCR product)
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Figure 3. Schematic diagram for the construction of recombinant
plasmid pET-ATfad3
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1994)v} chloroplast ®-3 R v}AFE-X 3849 cDNA
(fad7)(Gibson et al, 199), Nicotiana tabacum cv. SRIZ%
B9 fadi §-AAHHamada et al, 194), Glycine soja®] fad3
S 2HYadav et al, 1993), Brasicca napus®] fad3 +Az}
(Arondel et al, 1992)5¢] gith 2 dATdA Egjd A
thaliana®] fad3 cDNAX= A A Zdo)7} 1,823 bpE Y33 .o
o] & coding region®. 22| open reading frame (ORF)-&
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Figure 4. FAD3 protein synthesis in E. coli

(A) FAD3 protein synthesis upon IPTG induction analysed by
SDS/PAGE. lane 1, protein size marker: lane 2, proteins from E.
coli BL21: lane 3, from E. coli harboring pETI14b: lane 4, from
IPTG-induced E. coli pET14b: lane 5, from E. coli pET-ATfad3:
lane 6, from IPTG-induced E. coli pET-ATfad3. (B) Growth profile
of E. coli harboring pET-ATfad3 upon IPTG induction. o, E. coli
BL21 with IPTG: ¢, E. coli BL21 harboring pET14b without
IPTG: A E. coli pETl4b with IPTG: A, E coli pET-ATfad3
without IPTG: e, E. coli pET-ATfad3 with IPTG.
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