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Prostaglandin (PG) F,, is widely distributed in various
organs and exhibits various biological functions, such
as luteolysis, parturition, aqueous humor homeostasis,
vasoconstriction, rennin secretion, pulmonary fibrosis
and so on. The first enzyme reported to synthesize
PGF, was referred to as PGF synthase belonging to
the aldo-keto reductase (AKR) 1C family, and later
PGF,, synthases were isolated from protozoans and
designated as members of the AKRSA family. In
2003, AKR1BS, which is highly expressed in bovine
endometrium, was reported to have PGF,, synthase
activity, and recently, the paper entitled ‘Prostaglandin
F,, synthase activities of AKR 1B1, 1B3 and 1B7’ was
reported by Kabututu et al. (J. Biochem.145, 161168,
2009). Clones that had already been registered in a
database as aldose reductases (AKR1B1, 1B3, and
1B7) were expressed in Escherichia coli, and these en-
zymes were found to have PGF,, synthase activity.
Moreover, in the above-cited article, the effects of in-
hibitors specific for aldose reductase on the PGF,, syn-
thase activity of AKRI1B were discussed. Here, I
present an overview of various PGF/PGF,, synthases
including those of AKRI1B subfamily that have been
reported until now.

Keywords: aldo-keto reductase (AKR) family/
AKRI1B/AKRI1C/PGF synthase/prostaglandin (PG)
F, (PGF,,, 9a, 11B-PGF,).

Abbreviations: AKR, aldo-keto reductase; PG,
prostaglandin; Trx, thioredoxin.

Prostaglandin (PG)F,, is one of the primary PGs, to-
gether with PGE,. These PGs were found as the com-
pounds in human semen having an effect on the
motility of uterine strips isolated from non-pregnant
patients (/), and their structures were identified by

mass spectrometric analysis performed by Berstrom
et al. (2, 3) in Sweden. For the synthesis of PGF,,
the following three pathways have been proposed
(Fig. 1): (1) the 9-keto group of PGE, is reduced to
PGF,, (ii) the Il-keto group of PGD, is reduced
to PGF, and (iii) the 9, 11-endoperoxide group of
PGH, is reduced to PGF,. In 1981, in the process of
studying the metabolism of PGD,, we found PGD,
11-ketoreductase activity that catalyses the reduction
of PGD, to PGF,, which was later known as 9a,
11B-PGF,, in rat lung (4). 9o, 11B-PGF, is a stereoiso-
mer of PGF,, and has biological function like PGF,,
(5). This enzyme is a dual-function enzyme and cata-
lyses the reduction of PGH, to PGF,,, as well as that of
PGD; to 9a, 11B-PGF, on the same molecule in the
presence of NADPH (6). Therefore, we named it PGF
synthase. This enzyme has broad substrate specificity,
reducing the keto group of xenobiotic carbonyl com-
pounds such as phenanthrenequinone. In 1988, we as-
signed PGF synthase to the aldo-keto reductase
(AKR) family, based on its amino acid sequence, mo-
lecular weight, NADPH as cofactor and substrate spe-
cificities (7). This was the first report of an enzyme
synthesizing PGF, and belonging to the AKR family.
In 1975, Levine et al. (8) first found a PGE
9-ketoreductase that synthesized PGF,, from PGE,,
and later, in 1995, Wintergalen et al. (9) reported that
a PGE 9-ketoreductase belongs to the AKR family and
that the enzyme has 20o-hydroxysteroid dehydro-
genase activity. This enzyme is identical with carbonyl
reductase (10).

Most of AKRs are monomeric enzymes that fold
into a typical (af)s-barrel structure (/7). Based on
their amino acid sequence, AKRs have been grouped
into 15 different families, AKRI—-AKRI15, having
<40% amino acid identity with any other family,
while subfamilies may be defined by >60% identity
in amino acid sequence among subfamily members
(11, 12). According to the website (http://www.med
.upenn.edu/akr/) created by Hyndman and Penning,
human, bovine lung and bovine liver types of PGF
synthase are designated as AKRI1C3, AKRI1C7 and
AKRICI1 respectively, and PGE 9-ketoreductase, as
AKRICS. In 2000, Kubata et al. (13) purified PGF,,
synthase from Trypanosoma brucei and referred to it as
AKRS5A2, and another protozoan PGF,, synthase,
known as AKRS5AI1, was found in Leishmania (14).
These enzymes were purified from native tissues and
protozoans by detecting the activity that synthesized
PGF,, and their amino acid sequences were deter-
mined. Therefore, these enzymes contribute to the syn-
thesis of PGF, in each organ and protozoans.

In 2003, an enzyme (AKRI1BS5) that had already
been registered in the database of the AKR family
was expressed in Escherichia coli by Madore et al.
(15), and found to have PGF,, synthase activity.
They found it to be highly expressed in bovine endo-
metrium. This was the first report about an enzyme
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Fig. 1 Arachidonic acid cascade. The numbers next to arachidonic acid, PGH,, PGD, and PGE, are the positions of carbon atoms.

belonging to the AKR1B subfamily and having PGF,,
synthase activity. Moreover, Kabututu et al. reported
that AKRI1BI1, 1B3 and 1B7 also have PGF,, synthase
activities (/6). The K, values for PGH, of AKRI1BI,
1B3 and 1B7 are about 2, 9 and 4 uM, respectively, and
Vimax Vvalues are about 26, 53 and 4nmol/min/mg,
respectively, indicating k¢, values of ~0.9, 1.9 and
1.6min~!, respectively. Recently, they reported
K, values for PGH, of AKR1B1 and AKR1B3 to be
29 and 33 puM, respectively, and V.« values of 169 and
240 nmol/min/mg, respectively, giving k., values of
~6.1 and 8.6min~", respectively (/7). Kabututu et al.
(16) reported that the K, value for PGH, of AKR1C3
is 17.7uM, and the V. value, 4nmol/min/mg.
However, we obtained different K, and V.. values,
i.e. 10 uM and 260 nmol/min/mg, respectively, indicat-
ing a ke, value of about 9.6 min~" (18). These data are
summarized on the left side of Table I.

The reports of Madore et al. (15) and Kabututu
et al. (16) opened up the field of AKRIB subfamily
members involved in the synthesis of PGF,,, and re-
cently reports about the PGF,, synthase of this sub-
family have been increased (/9). However, many of
these enzymes of the AKRIB subfamily were found
to have aldose reductase activity (/2). Although it is
interesting that these enzymes show PGF,, synthase
activity, we must never forget the activity toward
other substrates. The substrate specificities of the en-
zymes belonging to the AKR1B subfamily are shown
on the right side of Table 1. Ruiz et al. (19) and Spite
et al. (20) examined the substrate specificities of various
enzymes belonging to the AKR family. The k., /K,
values of AKRIBI and 1B3 for glyceraldehyde are
~0.5 — 0.6min~".uM~" and 0.42 — 0.78 min~".uM ",
respectively, whereas Gui et al. (21) reported that
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mouse aldose reductase (AKR1B3) shows a k., /Ky
value of 1.8min~'.uM~" for this substrate.
Moreover, k¢q/K,, values for phospholipid aldehyde of
AKRIBI and 1B3 are about 3min~'.pM~' and
1min~'.uM ™", respectively (20). On the other hand,
the ke, /K, values of AKRIBI and 1B3 for PGH,
were calculated to 0.49 and 0.20 min~'.uM ™', respect-
ively, (16), and 0.21 and 0.26 min~'.uM ", respectively
(17). The PGF,, synthase activity belonging to the
AKRI1B subfamily is detected for enzymes over-
expressed in E. coli, using the clones that have already
been registered in a database as other enzymes, but is
not isolated from native tissues unlike PGF/PGF,,
synthases belonging to the AKRIC subfamily and
AKRSA subfamily. We must never forget that the
AKRI1B subfamily has a broad substrate specificity
for naturally occurring compounds.

Ever since we found that bovine lung-type PGF syn-
thases belong to the AKRI1C subfamily (AKRI1C7),
many other enzymes synthesizing PGF,, have been
reported. AKR was originally reported to catalyse
the reduction of a keto group. PGH, has an endoper-
oxide group, not a keto one. Therefore, when we found
that PGF synthase belonging to the AKR1C subfamily
acts as a dual-function enzyme, based on the reduction
of PGH, to PGF,, as well as that of PGD, to 9,,
11B-PGF,, some people claimed this dualism to be
strange. Now, in addition to the AKRI1C subfamily,
AKRS5A and AKRI1B subfamilies are also known to
catalyze the reduction of the endoperoxide-group of
PGH,. Kabututu et al. (16) reported that tolrestat or
sorbinil inhibits the reduction of PGH, in a noncom-
petitively or mixed-type manner. Tolrestat and sorbinil
are competitive inhibitors for the reduction of glycer-
aldehyde. These results suggest that the binding site of
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PGH, is different from that of the carbonyl com-
pounds such as glyceraldehyde, as suggested in our
reports about the PGF synthase belonging to the
AKRIC subfamily (6).

PGF,, exhibits physiological and pathological roles
in vivo (22). Many types of PGF synthase may contrib-
ute to synthesis of PGF»,/9a, 11B3-PGF,. In 2008, we
found a new type of PGF synthase in mouse brain and
purified this enzyme from swine brain (23). This
enzyme belongs to the thioredoxin (Trx) superfamily,
having the Cys-x-x-Cys motif at its active site, and
catalyses the reduction of PGH, to PGF,, in the pres-
ence of the reduced form of Trx as a reducing equiva-
lent donor. In addition to the contribution of the
enzymes belonging to the AKR family to the synthesis
of PGF,, some enzymes belonging to the Trx super-
family may also contribute to the synthesis of PGF,.
When PGF synthase is isolated by detection of the
enzyme activity from native tissues, other novel types
of PGF synthase with more specific and higher cata-
lytic activity may be found in the future.
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