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Prostaglandin endoperoxide synthase contains an EGF-like domain
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Prostaglandin endoperoxide synthase was subjected to the computer-assisted homology search 1n the protein primary structure database, in order

to investigate the regulation mechamism of the expression of prostaglandin endoperoxide synthase As a result of that, 1t turned out that prosta-

glandin endoperoxide synthase shares sequence homology with epidermal growth factor (EGF) in the N-terminal region The implication of the
existence of an EGF-like domain 1n prostaglandin endoperoxide synthase is discussed

Prostaglandin endoperoxide synthase, Epidermal growth factor, Sequence homology

1. INTRODUCTION

The first step of the pathway for the conversion of
arachidonic acid and related unsaturated fatty acids to
the prostanoids is initiated by prostaglandin endoper-
oxide synthase. The enzyme has two enzymatic ac-
tivities, that is, a bis-oxygenase activity and a hydroper-
oxidase activity [1-5]. The former initiates the forma-
tion of the prostaglandin G and the latter is involved in
the reduction of prostaglandin G to prostaglandin H.
Recently, the primary structure of sheep prostaglandin
endoperoxide synthase was determined and the homo-
logies with heme proteins and the other peroxidases
were reported [6-8].

Thus, prostaglandin endoperoxide synthase occupies
an important position in the metabolism of prostanoid
and the regulation of prostaglandin endoperoxide syn-
thase controls the rate of prostanoid synthesis.
Therefore, the regulation mechanism of the prostaglan-
din endoperoxide synthase has been studied extensively.
One of the interesting observations is that EGF can af-
fect the expression of the prostaglandin endoperoxide
synthase [9].

In order to investigate the relationship of the regula-
tion mechanism of the prostaglandin endoperoxide syn-
thase with the known organic regulation system, homo-
logy search of the prostaglandin endoperoxide synthase
in protein primary structure database was carried out.
As a result of that, it turned out that the N-terminal
region of the prostaglandin endoperoxide synthase
shares significant sequence homology with EGF.

2. EXPERIMENTAL

Prostaglandin endoperoxide synthase was subjected to the
computer-assisted homology search 1n the protein database, NBRF
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(release 19 0) [10] The homology search system used 1n this study was
described 1n [11] The detected homologous sequences were aligned
and subjected to the statistical test in order to check the sigmificance
of the similarity {12}

3. RESULTS AND DISCUSSION

As a result of the computer-assisted homology
search, it turned out that the N-terminal region of the
prostaglandin endoperoxide synthase is homologous
with the entire region of epidermal growth factor
(EGF). The detected homologous regions were aligned
(see fig.1) and subjected to the statistical test. The
degree of similarity between the prostaglandin endoper-
oxide synthase and EGF 1s not so strong; however, the
statistical test shows that those homologies between
them are significant (see table 1). That is, the EGF-like
domain of the prostaglandin endoperoxide synthase has
an evolutionary relationship with EGF and the enzyme
1s considered to have appeared during the course of the
evolution by exon-shuffling events [13].

There is a wide variety of proteins which contain
EGF-like domains, for example, the products of neuro-
genic genes (Delta and Notch), coagulation factor pre-
cursors (IX, X, XII, and VII), Lin12 homeotic protein,
protein C, and protein Z, etc., although the roles of
those EGF-like domains have remained unknown.
These EGF-like domains are classified into 3 groups,
type 1, type 2 and type 3, discriminated from each other
by the length and the sequence between the conserved
cysteine residues [14]. The 6 conserved cysteine restdues
of the detected EGF-like domain have been numbered
as Cys'-Cys®, following the order in which they appear
1n the alignment (see fig.1). Judging from the difference
of the sequence and the length between Cys® and Cys®,
the EGF-like domain of prostaglandin endoperoxide
synthase can be discriminated from the type 3 EGF-like
sequence. The similarity of the sequence and the other
characters (data not shown) suggest that the detected
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(a) PVNPCC---YYP-CQHQGICVRF-GLDRYQCDCTRTGYSGPNCTIPEI-WTW-LR

(b) NSYPGCPSSYDGYCLNGGVCMHIESLDSYTCNCV-IGYSGDRCQTRDLRW-WELR

(¢) NSNTGCPPSYDGYCLNGGVCMYVESVDRYVCNCV-IGYIGERCQHRDLR=~==~~

(d) NSDSECPLSHDGYCLHDGVCMYIEALDKYACNCV-VGYIGERCQYRDLKW-WELR
0o 0 @ 6000 000 & 606 S0 & 8 0O

Fig 1 Ahgnment of the N-terminal region of the prostaglandin endo-
peroxide synthase and the epidermal growth factors from different
sources @ indicates the site occupied by an identical amino acid and
O 1ndicates the site occupied by a similar amino acid group [12]
Gaps (—) were introduced to align the regions which have been sub-
jected to the insertion/deletion events (a) The amino acid sequence
from the prostaglandin endoperoxide synthase (residue positions
8-55, see [6]). (b) The amino acid sequence of mouse EGF (residue
positions 977-1029, see [20]) (c) The amino acid sequence of rat EGF
(residue positions 1-48, see [21]) (d) The amino acid sequence of the
human EGF (residue positions 1-53, see [22])

EGF-like domain is related to type 1 and type 2 EGF-
like sequences. However, the length between Cys® and
Cys* of the detected EGF-like domain is a little dif-
ferent from those of type 1 and type 2 EGF-like se-
quences. Therefore, the purpose of the detected EGF-
like domain has not been identified.

It was reported that prostaglandin endoperoxide syn-
thase is homologous with the other peroxidases and the
homology was also detected by our homology search. A
region of prostaglandin endoperoxide synthase, residue
positions 198-330 [6], is homologous with a region of
thyroperoxidase, residue positions 318-459 [15], and a
region of myeloperoxidase, residue positions 331-468
[16]. However, the structure of these peroxidases are
different from each other. Prostaglandin endoperoxide
synthase has the following conformation: N-terminal-
EGF-like domain-(transmembrane region which has
not been identified yet)-the region shared by the 3 per-
oxidases. Contrary to that, myeloperoxidase has the
following conformation: N-terminal-the region shared
by 3 peroxidases-cytochrome ¢ oxidase-like domain-C-
terminal. Thyroperoxidase has a conformation similar
to that of myeloperoxidase, although it contains a C-

Table 1
The results of the statistical test - identities of each aligned pair
PES EGF EGF EGF
(sheep) (mouse) (rat) (human)
PES (sheep) 655SD 4178SD 560SD

EGF (mouse) 37 7% -

1224S D 1306 SD
EGF (rat) 326% 77 1% - 1225SD
EGF (human) 34 0% 69 8% 68 8% -

The normahzed deviations of the alignment scores from the mean
value of the scores for the randomized sequences (the upper half of
the table) and the 1dentity (%) of the aligned sequence (the lower half
of the table). PES = prostaglandin endoperoxide synthase and EGF
= epidermal growth factor The names in the parentheses indicate the
source ammals of the proteins The alignment used 1n this calculation
1s shown in fig t The score matrix MDM>s was used for the statistical
test [12] The continuous gaps were treated as single substitutions
regardless of their length and a score of — 60 was assigned to the gaps
{12]
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terminal extension: N-terminal-the region shared by
3 peroxidases-cytochrome c¢ oxidase-like domain-
C46-like domain - EGF-like domain-transmem-
brane-C-terminal. It 1s an interesting observation that
thyroperoxidase also contains an EGF-like domain,
although the position of the EGF-like domain in
thyroperoxidase is different from that in prostaglandin
endoperoxide synthase and the EGF-like domain of
thyroperoxidase belongs to the type 3 EGF-like se-
quence. Therefore, it is considered that the fusions of
EGF-like domain and peroxidase found in prostaglan-
din endoperoxide synthase and thyroperoxidase are
considered to have occurred independently during the
course of their evolution.

The cysteine residues found in EGF bind with each
other by disulfide bonds. As shown in fig.1, all the cys-
teine residues corresponding with those of EGF are con-
served in the EGF-like domain of prostaglandin endo-
peroxide synthase. Therefore, 1t is strongly suggested
that these cysteine residues in the EGF-like domain may
also bind with each other by disulfide bonds. The N-
terminal region of the prostaglandin endoperoxide syn-
thase is considered to be one of the luminal domains
from the hydropathy profile and the pattern of the
distribution of putative glycosylation sites [5-7]. The
existence of the cysteine residues which may participate
in forming disulfide bonds also supports this
hypothesis. One of the putative glycosylation sites is
found in the detected EGF-like domain (Asn residue of
alignment position 42; see fig.1).

On the other hand, there are several lines of evidence
that EGF can affect the biosynthesis of prostaglandin
[17-19]. Particularly, one interesting observation is the
recovery of the activity of the prostaglandin endoperox-
1de synthase by EGF and TGF-@ after inhibition by
asprrin [9]. The experiments showed that the stimula-
tion by EGF and TGF-# produces the increase of
mRNA of the prostaglandin endoperoxide synthase, al-
though the details of the mechanism for the control of
the expression of prostaglandin endoperoxide synthase
by these growth factors has remained unknown. From
the existence of the EGF-like domain, together with the
experimental observations described above, we specu-
late that the prostaglandin endoperoxide synthase may
regulate the expression of itself by positive or negative
feedback mechanism, using the EGF-like domain.

The structural and functional implications of the
EGF-like domain detected by computational analysis
should be investigated by experimental work.
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