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Abstract A cDNA, recently cloned (by Krieg et al. (1998))
from mouse skin, was shown to encode a 12(R)-lipoxygenase.
When expressed in HEK cells, the recombinant protein converted
methyl arachidonate into the corresponding 12-HETE ester
which was shown to be the R-enantiomer by chiral phase
chromatography. Neither arachidonic acid nor linoleic acid were
substrates for the recombinant protein. The structure of the
12(R)-lipoxygenase gene is unique among all animal lipoxy-
genases in that it is divided into 15 exons and 14 introns spanning
approximately 12.5 kb. By interspecific backcross analysis, the
12(R)-lipoxygenase gene was localized to the central region of
mouse chromosome 11.
z 1999 Federation of European Biochemical Societies.
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1. Introduction

Lipoxygenases represent a widely distributed family of non-
heme, non-sulfur, iron containing dioxygenases that catalyze
the regio-selective and stereo-selective dioxygenation of fatty
acid substrates containing one or more (Z,Z)-1,4-pentadiene
moieties. The primary reaction products are hydroperoxides
of conjugated (E,Z)-dienes that are further converted to a
variety of metabolites. Many lipoxygenase metabolites are
potent endogenous signalling molecules involved in the con-
trol of vasoconstriction, bronchoconstriction, blood clotting,
as well as granulocyte chemotaxis and other in£ammatory
reactions [1]. Irregular expression of lipoxygenases and the
presence of their products are also associated with a series
of diseases including atherosclerosis [2,3], in£ammatory bowel
disease [4], asthma [5], psoriasis [6,7] and cancer [8,9].

Mammalian lipoxygenases are named according to the po-
sitional speci¢city of oxygen insertion into arachidonic acid.
There are four well characterized lipoxygenase isoenzymes
preferentially expressed in blood cells, i.e. 5-lipoxygenase
[10], 15-lipoxygenase [11], the closely related leukocyte type
12-lipoxygenase and platelet type 12-lipoxygenase [12]. Mam-
malian skin turned out to be another tissue with extensive
lipoxygenase-catalyzed fatty acid metabolism. Four additional

lipoxygenase isoenzymes have been characterized and cloned
so far from this source, including a 15-lipoxygenase-2 from
human skin [13], an epidermis type 12-lipoxygenase [14,15], a
phorbol ester inducible 8-lipoxygenase [16,17] and a hitherto
enzymatically unspeci¢ed epidermis type lipoxygenase-2 (e-
LOX-2) from mouse skin [17]. With 701 amino acid residues
the latter enzyme is unique among all mammalian lipoxy-
genases. The larger size has been attributed to an additional
proline-rich stretch of 31 amino acids inserted between resi-
dues P154 and P185 which does not correspond to any other
known plant or mammalian lipoxygenase sequences.

Here we show that e-LOX-2 encodes a 12(R)-lipoxygenase
which represents the mouse ortholog of the recently published
human 12(R)-lipoxygenase [18] and which, in contrast to con-
ventional lipoxygenases, prefers arachidonyl ester instead of
arachidonate as substrate. Analysis of the mouse 12(R)-lip-
oxygenase gene (Alox12b) revealed unique structural features
indicating that R-lipoxygenases may represent a distinct sub-
family of the mammalian lipoxygenase multigene family.

2. Materials and methods

2.1. Expression of lipoxygenase cDNA
For transient expression, plasmid DNA (10 Wg) and vector DNA,

as control, were introduced into human embryonic kidney (HEK) 293
cells (seeded at 1.5U106 cells/100 mm plate) by a modi¢ed calcium
phosphate transfection procedure using a mammalian transfection kit
according to the manufacturer's protocol (Stratagene). Cells were har-
vested 48 h after transfection and homogenized by sonication (Bran-
son Soni¢er, 10 pulses for 6 s on ice) in TE bu¡er (50 mM Tris-HCl,
1 mM EDTA, 1 mM EGTA, 10 Wg/ml leupeptin, pH 7.4).

2.2. Western blot analysis
Protein aliquots (80 Wg) of cell homogenates from transfected cells

were electrophoresed in 7.5% SDS-polyacrylamide gels. The proteins
were electroblotted onto PVDF membranes and these were subse-
quently treated as per the protocol, recommended by the supplier of
the ECL detection system (Amersham Life Science). The membranes
were probed using a rabbit polyclonal antibody raised against the
human 12-lipoxygenase (Alexis). This antibody recognizes murine
platelet type and leukocyte type 12(S)-lipoxygenases [15] as well as
the murine 12(R)-lipoxygenase. The anti-12-lipoxygenase antiserum
was used at a dilution of 1:6000 and the peroxidase-conjugated
goat anti-rabbit IgG (H+L) antibody (Jackson Laboratories) at a
dilution of 1:2000.

2.3. Lipoxygenase assay
Aliquots of 250 Wl of cell homogenates were incubated in the pres-

ence of arachidonic acid (100 WM, 20 WM or 4 WM), linoleic acid
(100 WM) or arachidonic acid methyl ester (100 WM) for 12 min at
37³C. The incubations were terminated by the addition of 40 Wl of 1 M
sodium formiate bu¡er (pH 3.1). To reduce the hydroperoxy acids to
hydroxy acids, 20 Wl of trimethylphosphate was added and incubated
at room temperature for 5 min. Samples were extracted twice by
ethylacetate. The combined organic extracts were evaporated and an-
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alyzed by reverse phase HPLC, straight phase HPLC and chiral phase
chromatography.

2.4. Analysis of HETEs and HETE methyl esters
Reverse phase HPLC analysis of the hydroxy-eicosatetraenoic acid

(HETE) fraction was done on a 5 Wm YMC-Pack ODS-AM column
with a 1 cm guard column (25U0.46 cm, YMC Europe, Schermbeck,
Germany) using the solvent system of methanol/water/glacial acetic
acid (85/15/0.01 by volume) and a £ow rate of 0.5 ml/min. The
12-HETE fraction was re-chromatographed by straight phase HPLC
using a Zorbax Sil column (25U0.46 cm, 5 Wm, Bischo¡, Stuttgart,
Germany) eluted with 1 ml/min of the solvent system n-hexane/iso-
propanol/acetic acid/H2O (98/2/0.1/0.025 by volume) and then ana-
lyzed by chiral phase chromatography using a Chiralcel OB column
(25U0.46 cm, 5 Wm, J.T. Baker, Deventer, The Netherlands) with the
solvent system n-hexane/isopropanol/acetic acid (99/1/0.05 by volume,
£ow rate 0.5 ml/min). Elution of the HETEs was monitored at
236 nm.

2.5. Polymerase chain reaction (PCR) ampli¢cation and sequencing
To characterize the intron/exon organization of the Alox12b gene,

mouse genomic DNA was subjected to PCR ampli¢cation using prim-
ers derived from within adjacent exons. In addition, several overlap-
ping fragments were generated using primers designed from the mouse
full length cDNA coding sequence.

Standard PCR was primed with 10 ng template DNA using 10 pmol
of primers, 10 mM Tris, pH 9.0, 50 mM KCl, 1.5 mM MgCl2, 0.1%
Triton X-100, 0.2 mM gelatin, with 0.2 mM of each dNTP and 5 U
Taq DNA polymerase (Appligene-Oncor) in a 50 Wl reaction. Typical
cycling pro¢les were programmed in a PTC-200 DNA Engine (MJ
Research) as follows: 94³C for 5 min (1 cycle), 94³C for 1 min, 55^
58³C for 1 min, 72³C for 1 min (30^35 cycles), 72³C for 10 min
(1 cycle). Longer PCR products (introns 2, 7 and 11) were obtained
using the Expand High Fidelity PCR system (Boehringer Mannheim,
Mannheim, Germany) following the manufacturer's recommenda-
tions. The resulting PCR products were analyzed on agarose gel
and the appropriate bands were excized, puri¢ed (Qiaquick gel extrac-
tion kit, Qiagen) and cloned into the PCRII TOPO or PCR XL-
TOPO vector (Invitrogen) prior to sequencing.

Sequences were determined on both strands using the ABI Big Dye
Terminator Cycle Sequencing Ready Reaction kit and the products
were resolved on an ABI prism 310 Genetic analyzer (Perkin-Elmer/
Applied Biosystems). The sequences were assembled and analyzed
using the Heidelberg Unix Sequence Analysis Resources software pro-
grams.

2.6. Genomic library screening
Approximately 106 plaques of a mouse NMRI genomic library, in

the lambda vector EMBL3, were screened by ¢lter hybridization with
puri¢ed insert of the full length cDNA clone of mouse 12(R)-lip-
oxygenase and two clones were puri¢ed by re-screening. PCR ampli-
¢cation of bands corresponding to 5P and 3P sequences of the cDNA
indicated that clone VL2 contained most of the encoding sequences of
the 12(R)-lipoxygenase including the amino-terminal domains but
lacked the carboxy-terminal sequence. A 4.5 kb EcoRV/EcoRI frag-
ment harboring 3.5 kb of the 5P £anking region of the gene was
subcloned into pBluescript and sequenced.

2.7. Chromosomal localization
DNA from C57BL/6J and Mus spretus mice (obtained from The

Jackson Laboratory) was digested with several enzymes and analyzed
for informative restriction fragment polymorphism by Southern blot
analysis essentially as described [19]. The probe for Alox12b was the
gel electroeluted and puri¢ed insert of the cDNA clone of mouse
12(R)-lipoxygenase [17] labelled with K-[32P]dCTP using the multi-
prime DNA labelling system (Amersham). Washing was performed
to a ¢nal stringency of 0.5USSC, 0.5% SDS at 60³C. HindIII diges-
tion of C57BL/6J DNA produced fragments of 10 kb and 4 kb: M.
spretus DNA yielded fragments of 10 kb, 5 kb and 1.6 kb. The ¢nal
interspeci¢c backcross mapping was performed on the BSS interspe-
ci¢c backcross panel ((C57BL/6JEiUSPRET/Ei)F1 female x SPRET/
Ei male) obtained from The Jackson Laboratory [20] and the presence
or absence of the C57BL/6J-speci¢c 4 kb fragment was followed in
backcross mice. The data were submitted to The Jackson Laboratory
and linkage data were obtained for Alox12b.

3. Results

3.1. Functional expression of murine 12(R)-lipoxygenase
From phorbol ester-treated mouse epidermis, we have re-

cently cloned a cDNA encoding a 701 amino acid lipoxy-
genase isoenzyme tentatively called e-LOX-2 [17]. The eukary-
otic expression vector pcDNA3 carrying the cDNA under the
control of the cytomegalovirus promoter was used to transi-
ently express e-LOX-2 cDNA in HEK 293 cells. Transfected
cells expressed large amounts of recombinant protein as
shown by Western blot analysis using a cross reacting anti-
12-lipoxygenase antiserum (Fig. 1). Upon incubation of sonic
extracts from transfected cells expressing 12(R)-lipoxygenase
(Fig. 1, lane 2) with varying concentrations of arachidonic
acid, no lipoxygenase-catalyzed products could be detected
(Fig. 2). 15-HETE generated in lysates from both 12(R)-lip-
oxygenase expressing and control cells was found to be race-
mic, as previously reported [15]. However, when methyl
arachidonate was used as substrate, 12-HETE methyl ester
and its hydrolysis product 12-HETE were generated (Fig. 3).
In addition, minor amounts of 8-HETE methyl ester and
8-HETE were detected. Formation of 8- and 12-HETE was
due to a lipase activity present in the HEK 293 cell lysate. The
oxygenated products were identi¢ed by co-migration of au-
thentic standards on reverse phase HPLC (Fig. 3) and straight
phase HPLC (not shown). 12-HETE methyl ester (Fig. 3D)
and 12-HETE (Fig. 3C) were almost exclusively the R enan-
tiomer, thereby identifying e-LOX-2 as a 12(R)-lipoxygenase.

3.2. Genomic structure
All known animal lipoxygenase genes are divided into 14

exons and 13 introns in the same positions [21]. The genomic
organization of the mouse 12(R)-lipoxygenase was determined
by PCR ampli¢cation of genomic fragments with cDNA-de-
rived primers corresponding to sequences £anking the highly
conserved intron positions. In addition, overlapping frag-
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Fig. 1. Expression of recombinant murine 12(R)-lipoxygenase and
platelet type 12-lipoxygenase in HEK 293 cells. HEK 293 cells were
transfected with pcDNA3 vector and with pcDNA3 constructs car-
rying the murine 12(R)-lipoxygenase or the platelet type 12-lipoxy-
genase cDNAs. Aliquots of cell sonicates (80 Wg protein) incubated
with arachidonic acid or with methyl arachidonate were electropho-
rized in 7.5% SDS-polyacrylamide gels. The proteins were electro-
blotted onto a PVDF membrane and incubated with an anti-human
platelet type 12-lipoxygenase antiserum. Protein was detected by an
enhanced chemiluminescence method (see Section 2). Sonicates of
cells transfected with vector pcDNA3 and incubated with arachi-
donic acid, lane 1; transfected with 12(R)-lipoxygenase and incu-
bated with arachidonic acid, lane 2; transfected with 12(R)-lipoxy-
genase and incubated with methyl arachidonate, lane 3; transfected
with platelet type 12-lipoxygenase and incubated with arachidonic
acid, lane 4.
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ments spanning the complete coding region were generated to
compare genomic and cDNA sequences revealing the presence
of an additional intron inserted in exon 4. In accordance to
the highly conserved exon/intron structure of the remaining
gene, this additional intron was numbered 4a and the corre-
sponding exonic sequences 4a and 4b (Fig. 4). Sequences
around exon/intron junctions and the length of the introns
were determined. The exon/intron boundaries all conform to
the consensus splice donor/acceptor sequences and the total
size of the gene is V12.5 kb (Fig. 4, Table 1).

3.3. 5P Flanking region of the murine 12(R)-lipoxygenase gene
By hybridization screening of a NMRI mouse genomic li-

brary with the cDNA probe for murine 12(R)-lipoxygenase we
obtained several positive clones, one of which (VL2) contained
most of the encoding sequence including the amino-terminal
domain. A 4.5 kb EcoRV/EcoRI fragment of VL2 covering a
3.5 kb long 5P £anking region (Fig. 5) was sequenced. An
approximately 950 bp region extending upstream of the
12(R)-lipoxygenase encoding sequence to highly repetitive

CT sequences found between positions 31308 and 3953 is
given in Fig. 5. The G+C rich putative promoter region
lacked 100% consensus sequence match with TATA and
CCAAT sequences and also with Sp-1 binding sites. Searches
for cis-regulatory elements using TRANSFAC software pack-
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Fig. 3. Reverse and chiral phase HPLC chromatograms of the prod-
ucts formed by the murine 12(R)-lipoxygenase expressed in HEK
293 cells. Homogenates from HEK 293 cells transiently transfected
with vector constructs without insert (A) or constructs containing
12(R)-lipoxygenase cDNA (B^D) were incubated in TE bu¡er with
100 WM arachidonic acid methyl ester for 12 min at 37³C.
H(P)ETEs were reduced and extracted with ethyl acetate. The ex-
tracts were analyzed on a YMC-Pack reverse phase column as de-
scribed in Section 2. 5-, 8-, 12- and 15-HETE as well as 8-, 12- and
15-HETE methyl ester were used as internal standards. The reten-
tion times of 12-HETE and 12-HETE methyl ester were 20.4 min
and 29.0 min, respectively. The 12-HETE and 12-HETE methyl es-
ter fractions were subjected to chiral phase chromatography on a
Chiracel OB column using 12(S)- and 12(R)-HETE (C) and the cor-
responding methyl esters (D) as internal standards. The retention
times of 12(R)- and 12(S)-HETE were 20.6 min and 26.0 min and
those of the 12(S)- and 12(R)- HETE methyl esters were 30.3 min
and 33.8 min, repectively.

Fig. 2. Characterization of products formed from arachidonic acid
by HEK 293 cells expressing murine 12(R)-lipoxygenase. Homoge-
nates from HEK 293 cells transiently transfected with vector con-
structs without insert (A) or with constructs containing 12(R)-lipox-
ygenase cDNA (B^D) were incubated in TE bu¡er with 100 WM
arachidonic acid (A, B), 20 WM arachidonic acid (C) or 4 WM
arachidonic acid (D) for 12 min at 37³C. Upon reduction, lipids
were extracted with ethyl acetate. The extracts were analyzed on a
YMC-Pack reverse phase column as described in Section 2. 5-, 8-,
12- and 15-HETE were used as internal standards. Racemic 15-
HETE is generated both in homogenates from cells transfected with
vector and with 12(R)-lipoxygenase cDNA.
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ages, revealed the presence of a number of potential binding
sites for known transcription factors among them AP-2,
GATA binding sites and silencer elements which have been
identi¢ed in the promoter regions of 5-, 12- and 15-lipoxy-
genases [22^25].

3.4. Chromosomal localization of the murine
12(R)-lipoxygenase gene

The chromosomal localization of the mouse Alox12b gene
was determined by typing the Jackson BSS interspeci¢c back-
cross panel. DNA from C57BL/6J and M. spretus mice was
digested with several enzymes and analyzed for informative
restriction fragment polymorphism using the full length 12(R)-
lipoxygenase cDNA as probe. A 4 kb HindIII C57BL/6J-spe-
ci¢c RFLP was used to follow the segregation of the Alox12b
locus in the backcross mice. The mapping results indicated

that Alox12b is located in the central region of mouse chro-
mosome 11 co-segregating with C1qbp, Gucy2e, D11Mit4 and
a number of EST loci (Fig. 6).

4. Discussion

Mammalian lipoxygenases are known to insert molecular
oxygen regio speci¢cally and enantio selectively into poly-un-
saturated fatty acids with S chirality of the corresponding
H(P)ETEs. On the other hand, lipoxygenases of invertebrate
origin have been shown to generate either S or R enantiomeric
reaction products. We and others have recently cloned
cDNAs from mouse and human skin which encode proteins
displaying sequence motifs being characteristic for lipoxy-
genases and exhibiting a 86% sequence identity [17,18]. An
unique structural feature of both proteins is an extra domain
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Fig. 4. Structure of the mouse 12(R)-lipoxygenase gene. The upper line designates the location of the genomic clone VL2 in relation to the se-
quence information. The EcoRV/EcoRI fragment that was subcloned into plasmid vector (Cl 2397) is shown underneath. The con¢rmed restric-
tion enzyme sites are shown for BamHI (B), EcoRI (EI) and EcoRV (EV). The third line illustrates the structure of the Alox12b gene. Introns
are depicted by thick lines, exons by boxes. The exon and intron sizes are drawn to scale.

Table 1
Exon/intron organization of the mouse 12(R)-lipoxygenase gene

Exon/size (bp) Intron/size (kb)

1 (147) ACG GGG GCG gtaagtgcgc... I (0.882) ...ttttgtgcag GTG GAT GAC
T G A49 V50 D D

2 (205) GCC ACA G gtgagccagc... II (W4.3)a ...ctcacgacag GA AAG ATA
A T117 G118 K I

3 (82) TTC TAC CA gtgagcggga... III (0.143) ...ctctttgcag C TGG AGG
F Y H145 W146 R

4a (93) CGG CCT GA gtaaggacca... IVa (0.139) ...tttcccacag G TGG GAT
R P E176 W177 D

4b (123) GGG CCC AT gtgagtgcac... IVb (0.265) ...atcctcccag G GCG CTG
G P M117 A118 L

5 (104) GTC TCA G gtatggggtg... V (0.316) ...cacttcctag AG TAT GTG
V S251 E252 Y V

6 (173) GAG CTG GAG gtgaggtcct... VI (0.231) ...tcccctccag AGG GGG AAT
E L E309 R310 G N

7 (144) GCC ATT CAG gtaccaaggg... VII (1.373) ...ccacctccag CTC AGT CAG
A I Q357 L358 S Q

8 (204) CTG TAT AAG gtaaaggttc... VIII (0.175) ...ccctgcccag CTT CTC ATC
L Y K425 L426 L I

9 (87) TCT GCC AGG gtaagactcc... IX (0.457) ...ctccctcaag GCC ATG TCC
S R R454 A455 M S

10 (170) ATG GAG AG gtgaggtggg... X (0.411) ...ttctgtgcag G TAC GTG
M E R511 Y512 V

11 (122) AGC TCA G gtatgggtgt... XI (1.250) ...aatccctcag GC TTC CCC
S S551 G552 F P

12 (101) TCA GGC CAG gtactcgcca... XII (0.340) ...tccactctag CTG GAG TAC
S G Q585 L586 E Y

13 (171) GAT GAC AGG gtacgggggt... XIII (0.157) ...tgttctgcag CGG CCG CTT
D D R642 R643 P L

14 (246)

Exon/intron sizes and nucleotide sequences at the exon (upper case) and intron (lower case) boundaries are given. The size of exon 1 counted from
the initiatiting ATG and the end of intron 14 to the ¢rst A of the poly(A) tail of the cDNA.
aThis intron has not been completely sequenced.
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of 31 amino acids located in a loop region between helix 1 and
2 at the surface of the C-terminal catalytic domain near the
proposed substrate binding cavity.

The human protein was found to metabolize arachidonic
acid almost exclusively into 12(R)-HETE [18]. Here we
show that the murine ortholog protein is inactive with arach-
idonic acid as substrate when expressed in HEK 293 cells.The
same holds true for linoleic acid (data not shown). Enzymatic
activity was also lacking when other expression systems were
used including HeLa cells infected with vaccinia virus encod-
ing the T7 RNA polymerase which provides an abundant
source of the recombinant enzyme. However, when arachi-
donic acid methyl ester was used as a substrate, the corre-
sponding 12(R)-HETE methyl ester and 12(R)-HETE were
generated. Since free arachidonic acid was not accepted as a
substrate, 12(R)-HETE most probably is the hydrolysis prod-
uct of the corresponding methyl ester. In fact, both HEK 293
and HeLa cell lysates contained lipolytic activities hydrolyzing
methyl arachidonate. Arachidonic acid esters are also ac-
cepted as substrates by the reticulocyte 15-lipoxygenase and
leukocyte type 12-lipoxygenase [26^28]. Nevertheless, the lat-
ter enzymes preferentially oxygenate the free acid. The exclu-

sive substrate speci¢city of mouse 12(R)-lipoxygenase may
indicate that esteri¢ed rather than free fatty acids may repre-
sent the natural substrates of this enzyme. However, such
arachidonyl esters do not include ordinary phospholipids
since these have not been found to be oxygenated by this
enzyme. 12(R)-lipoxygenase was found to represent the most
abundant isoform among the lipoxygenases constitutively ex-
pressed in normal mouse skin [17]. In this context it is intrigu-
ing that the epidermal lipid barrier contains esteri¢ed poly-
unsaturated fatty acids and is impaired by inhibitors of lip-
oxygenases, an e¡ect that can be restored by lipoxygenase
products, e.g. 13(S)-HODE [29].

Whether or not the remarkable di¡erence in substrate spe-
ci¢city between the human and mouse 12(R)-lipoxygenases
may be attributed to distinct structural features of the pro-
teins is presently unknown. It must be emphasized that,
although the murine 12(R)-lipoxygenase appears to be selec-
tive for esteri¢ed arachidonic acid, the enzyme nevertheless
exhibits only a low catalytic activity similar to other lipoxy-
genases of epidermal origin such as epidermis type 12(S)-lip-
oxygenase and 8-lipoxygenase [15^17]. One possibility is that
the physiological substrates have not properly been identi¢ed.
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Fig. 5. 5P Flanking region of the mouse 12(R)-lipoxygenase gene. A region spanning 953 bases from the end of a highly repetitive segment to
the ATG initiator codon is displayed. The complete 3.5 kb fragment of the 5P £anking sequence not shown in this ¢gure is available at Gen-
Bank/EMBL Data Bank under the accession number Y18477. Nucleotides are numbered from the translational start codon. Consensus binding
sequences for known transcription factors are underlined.
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Moreover, keratinocyte-speci¢c post-translational modi¢ca-
tions of the enzymes such as phosphorylation, glycosylation
or non-covalent interactions with activating proteins cannot
be excluded at present.

The genes of all mammalian lipoxygenases analyzed so far
are organized in the same 14 exon format with exon/intron
boundaries at highly conserved positions. The gene encoding
mouse 12(R)-lipoxygenase, spanning approximately 12.5 kb,
contains introns varying in length between 157 bp and 4.5 kb
in exactly corresponding positions. With the exception of the
unusual large intron 2, the exon clustering is similar to that
found in the genes of the leukocyte type 12- and 15-lipoxy-
genases [12]. One major di¡erence between the gene structures
of Alox12b and the mammalian S-lipoxygenases is the pres-
ence of an additional intron (4a) which interrupts the se-

quence encoding the characteristic additional proline-rich
stretch of 31 amino acids. So far the organization into 15
exons seems to be a unique feature of the Alox12b gene.

The mouse 12(R)-lipoxygenase chromosomal locus Alox12b
is located to the central region of chromosome 11. The genes
encoding the murine 12(S)-lipoxygenase isoforms of the plate-
let type (Alox12, formerly Alox12p), the leukocyte type
(Alox15b, formerly Alox12l) and of the epidermis type (Aloxe)
have been mapped to approximately the same central region
of chromosome 11, while the human 12- and 15-lipoxygenase
genes have been assigned to the syntenic region of human
chromosome 17. The close chromosomal localization of 12-
and 15-lipoxygenase genes suggests that they belong to a mul-
tigene family derived from a common ancestor gene. 12(R)-
lipoxygenase, however, may represent a member of a distinct
subfamily, the genes of which have acquired additional exonic
and intronic sequences after gene divergence.

The Alox12b promoter lacks the CCAAT and TATA se-
quences. In this aspect, mouse 12(R)-lipoxygenase resembles
most closely the 5-lipoxygenases from human and guinea pig
[22,30] which also lack these elements, whereas the promoters
of various 12- and 15-lipoxygenases contain a conserved
TATA-like motif [23^25]. Although relatively G+C rich, the
putative Alox12b promoter region did not reveal 100%
matches to the Sp-1 consensus binding site found frequently
in the promoter regions of all other mammalian lipoxy-
genases. The presence of repetitive sequences further upstream
resembles some similarity with the putative promoter regions
of the genes encoding the mouse platelet type and leukocyte
type 12(S)-lipoxygenases both of which have been shown to
contain highly repetitive sequences [23]. Consensus sequences
to various cis-acting regulatory elements are found in the
putative promoter region, among them binding sites for AP-
2 which are also present in the promoter regions of 5-, platelet
type 12- and 15-lipoxygenases [22^25,31]. Besides that, we
found binding sites for GATA proteins and for transcription-
al silencer which have been identi¢ed in the 5P £anking region
of rabbit and human 15-lipoxygenase [24,25]. To elucidate the
functional signi¢cance of these elements for promoter activity
and tissue-speci¢c expression patterns, more detailed pro-
moter/reporter gene expression studies are required.

5. Note added in proof

While this paper was in review, Sun et al. [32] described the
cDNA cloning of the human and mouse 12(R)-lipoxygenase.
The human enzyme was shown to metabolize arachidonic acid
to 12(R)-HETE, whereas no enzymatic activity could be at-
tributed to the murine ortholog.
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sent the C57BL6/JEi allele and the white boxes the SPRET/Ei allele.
The number of animals with each haplotype is given at the bottom
of each column of boxes. The percentage of recombination (R) be-
tween adjacent loci is given at the right of the ¢gure, with the
standard error for each R.
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