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Abstract. Prostaglandin 9-ketoreductase has been
purified to apparent homogeneity from pig and hu­
man kidney with an overall yield of 6%. The enzyme
has a molecular mass of 34 kDa, it is present as an
active monomer in diluted solution and contains ap­
prox. 2 equivalents Zn++/mole enzyme. It is stereo­
selective for the pro(S) hydrogen of NADPH and re­
duces the prostaglandin 9-keto group to yield 90%
prostaglandin FZa, and 8% of the ß-form. An exten­
sive study of the catalytic properties was carried out,
which leads to the conclusion that the enzyme fune­
tion in vivo is unlikely a catalysis of oxida­
tionlreduetion at the prostaglandin 9-position. Five
peptides from the pig kidney enzyme were sequenced
and compared with the sequence of carbonyl reduc­
tase from human placenta. The identity is > 90% and
this, together with the immunological cross-reactivity
with human brain carbonyl reductase, most strongly
suggests that prostaglandin 9-ketoreductase and car­
bonyl reductase are the same enzyme.
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Introduction

Prostaglandin 9-ketoreductase (PG-9-KR) has been
reported to catalyze the NADPH-dependent, rever­
sible conversion of prostaglandin E:z (PGE:z) to
prostaglandin F2a, (PGF2a) and to contribute to
PGF2ct formation, which is found in most tissues. Se­
veral groups have reported the purification of the en-

.zyme from different sources and its partial characte­
rization (3,4,6). In spiteof this, its catalytic proper­
ties, its regulation, and, most importantly, its physio­
logical significance are still not understood. From a
biochemical point of view, PG-9-KR can be viewed as
belonging to the large family of the alcohol dehydro­
genases/carbonyl reductases, scveral branches of
which have been postulated to exist and tö have par­
ticular functions. Along this line Wermuth (7) has
proposed that PG-9-KR might be related to or even
identical with carbonyl reductase (EC 1'.1.1.184), an
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enZyme he [lIst purified from human brain. The pre­
sent study is an attempt to resolve same of these
questions and in particular to ascertain the related­
ness of PG-9-KR with carbonyl reductase. Our ap­
proach was to highly purify PG-9-KR from a conve­
ment source (pig kidney and, subsequently, human
kidney) which would provide sufficient arnounts of
enzyme to permit extensive characterization.

Purification and some properties

Prostaglandin 9-ketoreductase (PG-9-KR) was puri­
fied from pig and human kidney by an improved pro­
cedure to apparent homogeneity. A crucial, new step
is the precipitation at pH 5.0, which removes most
interfering activities and allows an easier purification
procedure. The recoveries of pure enzyme (as judged
by SDS-PAGE) were 7 and 6 % from pig and human
kidney respectively. The pig kidney enzyme is mono­
meric as judged from its behavior on gel filtration, it
has a molecular mass of 32 kDa and exists in 4 iso­
forms, as apparent from isoelectric focusing. PG-9­
KR contains 1.9 g atoms Zn2+/mole enzyme and no
other cofactors. The human enzyme has a molecular
mass of 34 kDa and also exists in 4 isoforms. The
majority of the characterization experiments were
carried out with the pig kidney enzyme. Thus PG-9­
KR is pro(S) stereo selective wirh regard to hydrogen
transfer from NADPH with prostaglandin E j as sub­
strate and reduces its 9-keto group with - 90 % ste­
reoselectivity to form prostagiandin F2a,. .i\pproxi­
mately 8 % of the prostagiandin F formed has the ß­
configuration. In addition to catalyzing the intercon-

(__ version of prostaglandin E:z to F2cx, PG-9-KR also
'> oxidizes prostaglandin E2, F~ and D2 to their cor­

responding, biologically inactIve, 15-kero merabolites.
Incubation of PG-9-KR with prostagIandin F2cx and
NAD + leads to the preferential formation of 15-keto
prostaglandin F rarher than prostagiandin E". This
suggests that ~ prostaglandin Ez/proslagfandin
F2,a ratio is not determincd by the
NADP + /NADPH redox couple. The enzyme also
reduces various other carbonyl compounds (e.g. 9,10­
phenanthrenequinone) with high efficiency. The cata­
lytic properties measured for PG-9-KR suggcst that
its in vivo function is unlikely to be related to the
formation of prostaglandin F~.

Identity with human carbony/ reductase

The catalytic properties of PG-9-KR from either hu­
man or pig kidney (5) are not substantially dilTcr~nt

from. those of PG-9-KR from human plact:nta (2),
carbonyl reductase from human brain (7) or ketone
reductase from chicken kidney (1); differences can
indeedbe attributed to 'variations inherent (0 the
assays.Polyclonal antibodies raised against pig kid-
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ney PG-9-KR crossreact with human kidney PG-9­
KR and also with human brain carbonyl reductase
(EC 1.1.1.184), as demonstrated by Western blot
analysis (5). This supports the hypothesis of Wer­
muth (7) that the enzymes mentioned are closely re­
lated. Direct evidence for this notion is derived form
a comparisoD of the. amino acid sequences of tryptic
peptides from pigkidney PG-9-KR with the sequence
of human placenta carbonyl reductase. As shown in
Figure 1 the identity is > 90 %.

Conclusions

The salient point energing from OUT data is the iden..
tity of PG-9-KR and carbonyl reductase. This cODelu­
sion is based on comparing several properties of PG­
9-KR and carbonyl reductase such as catalytic pro­
perties, stereospecificity of hydrogen transfer from
NADPH, immunological similarity, amino acid corno.
position, and amino acid sequence data. Further­
more, the catalytic däta obtained using prostao.
glandins as substrates cast doubt on a rale PG-9-KR
in prostaglandin metabolism. Since the role ofcarbo­
nyl reductase is presently unknown, the physiological
function of this ubiquitous enzyme remains an im­
portant questioD for further studies.
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Figure 1. Comparison of sequenced peptides from pig kidney PG-9-KR witb tbe sequeoce or human
placenta carbonyl reducta.se

The sequenced peptides from pig kidney PG-9-KR (underlined)
are aligned with the sequence - of human placenta carbonyl
reductase from [ 8]. Matching amino acids are denoted by
vertical lines. Amino acid Xcould not be identified. The
sequence identity is >90%.
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QLDIDDLQSlRALRDFLRKEYGGLDVLVNNAGIAFKVADPTPFHIQAEVTMKTNFFGTRD
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