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ABSTRACT. A hamster sperm 26 kDa protein (P26h) is strikingly homologous with mouse lung carbonyl
reductase (MLCR) and is highly expressed in the testis, but its physiological functions in the testis are
unknown. We show that recombinant P26h resembles NADP(H)-dependent MLCR in the tetrameric
structure, broad substrate specificity, inhibitor sensitivity, and activation by arachidonic acid, but differs
in a preference for NAD(H) and high efficiency for the oxidoreduction betwee@idrostane-@,175-

diol (kea/Km = 243 s mM~1) and S-dihydrotestosteronekda/Km = 377 s mM~1). The replacement

of Ser38-Leu39-lle40 in P26h with the corresponding sequence (Thr38-Arg39-Thr40) of MLCR led to a
switch in favor of NADP(H) specificity, suggesting the key role of the residues in the coenzyme specificity.
While the P26h mRNA was detected only in the testis of the mature hamster tissues, its enzyme activity
was found mainly in the mitochondrial fraction of the testis and in the nuclear fraction of the epididymis
on subcellular fractionation, in which a mitochondrial enzyme, isocitrate dehydrogenase, exhibited a similar
distribution pattern. The enzyme activity of P26h in the two tissue subcellular fractions was effectively
solubilized by mixing with 1% Triton X-100 and 0.2 M KCI, and enhanced more than 10-fold. The enzymes
purified from the two tissue fractions exhibited almost the same structural and catalytic properties as
those of the recombinant P26h. These results suggest that P26h mainly exists as a tetrameric dehydrogenase
in mitochondria of testicular cells and plays a role in controlling the intracellular concentration of a potent
androgen, &-dihydrotestosterone, during spermatogenesis, in which it may be incorporated in mitochondrial
sheaths of spermatozoa.

A 26 kDa sperm protein (P26hyvas first identified as a  and intracellular localizationg( 7). Although the degree of
membrane protein in hamster epididymiy.(The protein residue identity between different SDR family members
has been reported to be abundant in the luminal fluid of the ranges from 15 to 30%, P26h is 87% identical with mouse
proximal region of the epididymis and to accumulate on lung carbonyl reductase (MLCR, EC 1.1.1.184), which is a
spermatozoa during epididymal maturatio®y, @). Since tetramer catalyzing the reduction of various carbonyl com-
antibodies against P26h inhibit spertzona pellucida bind-  pounds and the oxidation of secondary alcohols in the
ing (4), the protein has been thought to play a role in sperm  presence of NADP(H)g, 9). The enzymatic and structural
egg interactions. Recently, Gaudreault et 8).have cloned properties of P26h have not been reported to date, although
the cDNA for P26h from a hamster testicular cDNA library it possesses the functional residues in the catalysis, coenzyme
and shown that this protein is a member of the short-chain binding, and subunit association shown by the crystal
dehydrogenase/reductase (SDR) superfan@)y This su- structure of MLCR 10).
perfamily is a rapidly growing group of enzymes containing ~ The mRNA for P26h has been predominantly detected in
more than 1000 members with different substrate specificity hamster testis and at a very low level in the epididyrb)s (
which suggests a dual origin of this sperm protein. While

*To whom correspondence should be addressed: Biochemistry the localization of P26h in spermatozoa and epididymis of
Laboratory, Gifu Pharmaceutical University, Mitahora-higashi, Gifu hamster has been investigated as described above, distribution
ggzég?gs, Japan. Phone or fax81 58 237 8586. E-mail: hara@gifu-  f the protein in the testis and its relationship with the sperm

t Gifu Pharmaceutical University. protein are unknown. In this study, we have compared the

flzis,rr;?/izggr:?agiu)t(icgl/ c(l:ghel_;dz' en-L-olpSdihydrotestosterone enzymt?tic chararc]:terirs]tirc]s anc; substEat)e spfecificity of the

: i~ bl ) . recombinant P26h with those of NADP(H)-preferring MLCR,
i?g?ﬁ[%sé?%ﬁgé?u?]geé;ﬁ’)%ﬁyrémgggg I,;%”g%gl;,%’gggg \::Vrl:gin and the data show that this protein utilizes NAD(H) as _the
reaction; P26h, hamster sperm 26 kDa protein; RT, reverse transcription;preferable coenzyme and efficiently catalyzes the oxido-
SDR, short-chain dehydrogenase/reductase;-SE¥SGE, sodium do- reduction betweend-androstane<®,173-diol and &x-dihy-
?ﬁ;gesrgg‘j‘ﬁ‘;f’ggﬁ‘g%fgadu%r?;'} %igg&%g%rsvsi'tﬁ %Ff&rg_%?ﬂ;‘g?%r; drotestosterone, despite the similarity of other properties of
pig lung carbonyl reductase; GLCR, guinea pig lung carbonyl reductase; tN€ two proteins. The structural determinants for the NAD-
SD, specificity determinant. (H) specificity of P26h were also examined by preparing
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the L39R and S38T/L39R/140T mutant enzymes (TRT), of was eluted with a linear gradient of 0 to 0.1 M NaCl in the
which the latter mutant resulted in a switch of the coenzyme buffer. The enzyme fractions were applied to a Blue-
specificity. Furthermore, we report the subcellular distribution Sepharose column (1.5 cen5 cm) equilibrated with buffer

of P26h in hamster testis and epididymis, and the propertiesA without KCI. The column was washed with the buffer
of the proteins purified from the subcellular fractions of the containing 0.1 M NaCl, and the enzyme was eluted with the

two tissues. buffer containing 0.1 M NaCl and 1.0 mM NAD Recom-
binant MLCR was purified as previously describ&j. (
EXPERIMENTAL PROCEDURES Subcellular FractionationBrain, lung, heart, liver, kidney,

spleen, testis, and epididymis of-80-week-old golden

Materials Pyridine nucleotide coenzymes and pl markers hamsters were excised. The tissues were homogenized in 4
were obtained from Oriental Yeast (Tokyo, Japan). Steroids, volumes of 0.25 M sucrose containing 20 mM Tris-HCI (pH
retinoids, and arachidonic acid sodium salt were from Sigma 7.5), using a Potter-Elvejnem homogenizer. The homogenate
Chemicals. Prostaglandins were from Cayman Chemicals.was centrifuged at 6@Xor 10 min. The precipitate (nuclear
Sepiapterin was from Schricks Laboratories (Jona, Switzer- fraction) was washed once with the sucrose solution. The
land). Restriction and DNA-modifying enzymes were pur- supernatants were combined and centrifuged at 360
chased from Stratagene and Takara (Kusatsu, Jafgan). 10 min, and the precipitate (mitochondrial fraction) was
cherichia coli cells were from Toyobo (Tokyo, Japan). washed once with the sucrose solution. The @080per-
Concanavalin A, plasmid$): markers, and resins for column  natants were combined and centrifuged at 105000 1 h
chromatography were from Amersham Pharmacia Biotech. to obtain microsomal and cytosolic fractions. All procedures,
All other chemicals were of the highest grade that could be including the homogenization and centrifugation, were
obtained commercially. performed at 64 °C. All particulate fractions were sus-

cDNA Isolation and Site-Directed Mutagenesi26h pended in the sucrose solution and analyzed for protein and
cDNA was prepared by RT-PCR. Isolation of total RNA enzyme activity. The protein concentration was determined
from hamster testis (100 mg) and RT-PCR were carried out by Bradford’s method(1) using bovine serum albumin as
as described previouslg). PCR was performed for 30 cycles a standard, and enzyme activity in the particulate fractions
using Pfu polymerase and the following primers. P26h-N was assayed after the fractions were treated with 1% Triton
(5-CCGAATTCATGAAGCTGATGAATTTCA-3) corre- X-100 for 1 h.
sponds to nucleotides—116 of the coding regions of P26h Solubilization and Purification of P26h from Subcellular
cDNA (5) and includes an underlineficoR| site. P26h-C  Fractions. The mitochondrial fraction of the testis and the
(5-GGGAATTCTTAGGAGGCCAGGTAACCA-3) is com- nuclear fraction of the epididymis were diluted 4-fold with
plementary to nucleotides 7735 of the cDNA and  0.25 M sucrose, and proteins in the fractions were solubilized
includes an underlineBicoRl site. The PCR products were by following procedures. For sonication, the fraction was
digested with the endonuclease and subcloned into pKK223-3sonicated in an ice bath for 2 min at 6 kHz using a Microson
expression plasmids (pKKP26h) at the restriction site. sonicator (Heat Systems). For freezing and thawing, the

Mutagenesis was performed using a QuikChange site-fraction was frozen at-35 °C and then thawed at 2%C.
directed mutagenesis kit (Stratagene) and the pKKP26hThis was repeated three times. For the detergent and salt
expression plasmid as the template according to protocolstreatment, aliquots of 10% (w/v) Triton X-100 and/or 2 M
described by the manufacturer. The sense primers forKCl were added to the fraction and the mixtures were
preparing L39R and TRT weré-6GTGGCCGTGTCAG- incubated in an ice bath for 1 h. The enzyme activity in the
CATCAACGAAGACCTGG-3 and 3-GGTGGCCGT@ - treated mixture was first assayed as described below, and
CACGCAC@AACGAAGACCTGG-3, respectively, where  then the solubilized proteins (solubilized supernatant) were
the italics denotes the mutated codons. The complete codingseparated from the unsolubilized portion by centrifugation
regions of the cDNAs in the expression plasmids were at 1200@ for 15 min at 4°C.

sequenced as described previousB) (o confirm the P26h in the mitochondrial fraction of the testis and the
presence of the desired mutation and to ensure that no othenuclear fraction of the epididymis were solubilized with 1%
mutation had occurred. Triton X-100 and 0.2 M KCI as described above. The

Expression and Purification of Recombinant Proteins. solubilized supernatant was diluted with 2 volumes of 0.25
Expression of the recombinant enzymesEncoli IM109 M sucrose and passed through a Blue-Sepharose column that
cells and preparation of the cell extract were carried out as had been equilibrated with 0.25 M sucrose containing 0.1
described previously9j. The following procedures for the M KCI. After the column was washed with 10 mM Tris-
purification of the recombinant P26h and the mutant enzymesHCI (pH 8.0) containing 0.1 M KCI, 1 mM EDTA, and 2
were performed at 4C. The precipitate of the crude cell mM 2-mercaptoethanol (buffer A), the adsorbed P26h was
extract was collected between 45 and 95% (NSBO, eluted with the buffer supplemented with 1 mM NADThe
saturation by centrifugation at 120§)fr 15 min, dissolved protein fractions were concentrated by ultrafiltration and
in buffer A [L0 mM Tris-HCI (pH 8.0) containing 0.1 M then purified by consecutive Sephadex G-100 and Q-Sepha-
KCI, 2 mM EDTA, and 1 mM 2-mercaptoethanol], and rose chromatographies as described for the recombinant
dialyzed against the same buffer. The enzyme was appliedP26h.
to a Sephadex G-100 column (3 cen70 cm) equilibrated Enzyme Assaypehydrogenase and reductase activities of
with buffer A. The enzyme fractions were concentrated by P26h were assayed by measuring the rate of change in
ultrafiltration using an Amicon YM-10 membrane, dialyzed NADPH absorbance at 340 nm. The standard reaction
against buffer A without KCI, and applied to a Q-Sepharose mixture for the dehydrogenase activity consisted of 0.1 M
(2 cm x 15 cm) equilibrated with the buffer. The enzyme potassium phosphate buffer (pH 7.0), 1.0 mM NARnd
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1 10 20 30 40 50 60 v 70 80
MLCR MKLNFSGLRALVTGAGKGIGRDTVKALHASGAKVVAVTRTNSDLVSLAKECPGIEPVCVDLGDWDATEKALGGIGPVDLLVN

P26h ----- T---------- R----G-A------------~ SLI-E-------ccmmmmmmmmm e~ E------- R---------
PLCR  =QM---===mmmmmmmmmmmmee e oo Ve--R-------- G----- SQ-----=mmmmmmme- E---R----V------=-
<- BA-> Ko OB - > <- BB-> Cammman AC-mmmnm > <-BC-> <emeen aD ----- > <-fD->

83 YvYy 90 Y10y v 110 120 130 140 4 0 ¥ 150 160
MLCR NAALVIMQPFLEVTKEAFDRSFSVNLRSVFQVSQMVARDMINRGVPGSIVNVSSMVAHVTFPNLITYSSTKGAMTMLTKAMA
P26h ---VALV---IQS---V----- N--V---Lo--nm-- KG------ A----- I----- Y----G-A---mmm-- T--------
PLCR ---VAL----- DT---V----- N---ommmmmom I---8--Bo--mmmmmmmmmmm S---Y-G-AR------mmomm - S--

165 170 180 190 200 210 220 230 v 240
MLCR MELGPHKIRVNSVNPTVVLTDMGKKVSADPEFARKLKERHPLRKFAEVEDVVNSILFLLSDRSASTSGGGILVDAGYLAS
P26h ----- S < S T
PLCR ~----cmmmmmmmmmmmmm e A--RS-TS---L--------- . SS-F--------

Ficure 1: Alignment of amino acid sequences of MLCR, P26h, and pig lung carbonyl reductase (PLCR). The secondary structure identification
is based on the crystal structure of MLCR (complex with NADPH and 2-propanol), in which the residues involved in the binding NADPH
and the catalytic triad (Ser136, Tyr149, and Lys153) are highlighted in bold and those near 2-propanol are indicated by arrows. Identical
amino acids between MLCR and other proteins are denoted with hyphens. Black arrowheads indicate the residues which are conserved in
P26h and PLCR but not in MLCR.

10 mM cyclohex-2-en-1-ol (CHX), and enzyme, in a total (A) (B)
volume of 2.0 mL. The activity in thé&. coli extract and 1 2 3 4 1 2 3 4
during the purification was assayed with 0.1 M glycine- 94 kDa—{E 0

NaOH buffer (pH 10.0) instead of the phosphate buffer. The 67 0a— 1
reductase activity was determined with 0.1 mM NADH and
0.2 mM 4-nitroacetophenone as the coenzyme and substrate,
respectively, unless otherwise noted. The steroids, which
were tested as substrates, were first dissolved in methanol, -
diluted with 0.01% Triton X-100, and added into the reaction 20 kDa—88

mixture, in which the final concentration of Triton X-100 i'
was 0.005% and that of methanol wa®.2%. The concen- 14 kDa— i

trations of Triton X-100 and methanol did not affect the FioUre 2. SDS-PAGE and Western blot analysis of the coli

activity Of.P.Z.Gh' extract, purified recombinant P26h, and recombinant MLCR.

The activities of glucose-6-phosphate dehydrogenase (asamples are the extracts (1 of protein each) of the cells
cytosolic marker12), NAD*-dependent isocitrate dehydro-  transformed with pKK223-3 (lane 1) and pKKp26h (lane 2) and
genase (a mitochondrial market3), and NADPH-cyto- the purified preparations (1,4 each) of P26h (lane 3) and MLCR
chromec reductase (a microsomal markéd) were assayed ~ (Iane 4). The proteins in the SBAGE gel (A) were stained with.

. - . Coomassie brilliant blue R-250 and detected by immunoblot using
spectrop_hotometrlcally. One unit of these 0X|doredu<_:tasesthe anti-MLCR antibody (B). Positions of molecular mass standards
was defined as the amount that catalyzes reduction or gre indicated.
formation of 1umol of NAD(P)H per minute at 25C,
except that 1 unit of NADPH cytochromec reductase was
expressed as Amol of reduced cytochrome formed per
minute at 25°C. The activities of retinol dehydrogenase,
retinal reductaself), and sepiapterin reductases) were
assayed as described previously.

The appareny and Vyax values for coenzymes and
substrates in the presence of a fixed concentration of either
coenzyme or substrate were directly determined by fitting
to the Michaelis-Menten equation. The kinetic mechanism
and constants of theosdihydrotestosterone reduction were
analyzed according to the method of Clelah@)( The initial
velocities were fitted to the equation

Other Analytical MethodsSDS-PAGE on 12.5% slab
gels (8), isoelectric focusing on 7.5% polyacrylamide disk
gels @19), and analytical gel filtration on a Superdex 200
HR column B) were carried out as described previously.
Western blot analysis using the anti-MLCR IgG was
performed by the method of Towbin et a20j with a minor
modification ©). For analysis of expression of mRNA for
P26h in hamster tissues, the total RNA samples were
prepared from the tissues and RT-PCR was carried out as
described above, except that PCR was performed Usiag
polymerase. The identification of the reaction products of
the S-dihydrotestosterone reduction was carried out by thin-
layer chromatography using several solvent systems de-

v =VAB/(AB+ K,B + KzA + K 1K) scribed by Gibb and Jeffer2y).

. I . . . . RESULTS

whereuv is the initial velocity,V is the maximum velocity at
saturating substrate concentratiodsand B are the two Properties of Recombinant P26iihe extract of theE.
substrate concentrationts, andKg are their corresponding  coli cells transfected with the pKKP26h construct contained
Michaelis constants, an€a is the dissociation constant of a 26 kDa protein that cross-reacted with the anti-MLCR 1gG
substrate A. and migrated slightly faster than MLCR (Figure 2). This

Computer ModelingThe model structure of P26h was protein was not detected in the extract of the cells transfected
constructed on the basis of the crystal structure of MLCR with the vector (pKK223-3). The extract of the cells
(10) and sequence alignment shown in Figure 1, using the transfected with the pKKP26h vector also exhibited NAD
protein modeling package Insight-lI/Homology (Molecular linked dehydrogenase activity (0.33 unit/mg) for CHX, one
Simulations Inc., San Diego, CA). of the representative substrates for MLCR 9), ~9-fold
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a0 F etophenone, were similar for the two enzymes, whereas P26h
reduced the oxosteroids more efficiently than did MLCR.
In the reverse reaction, P26h exhibited higWigs/Ky values
for secondary alcohols, except chloral hydrate, than MLCR.
Especially, it oxidized both&- and $-forms of androstan-
3o-0l-17-one and androstane:3 75-diol that were very poor
substrates for MLCR. Of the alcoholsgfandrostane-@3,-
175-diol was the best substrate, exhibiting the lowisgt
and highesVn./Ky values. P26h did not oxidize steroids
with a 17- or 178-OH group (1d-epitestosterone, b7
estradiol, 1B-estradiol, estriol, and testosterone), those with
a 33-OH group (®-androstan-3-ol-17-one, B-pregnan--
ol-20-one, 5-pregneng3ol-20-one, and dihydroepiandro-
sterone), those with a #10H group (corticosterone, cortisol,
and deoxycorticosterone), and those with ax20r 205-

5 6 7 8 9 10 11 OH group (4-pregnen-Z0ol-3-one, 4-pregnen-b7203-diol-

pH 3-one, and 4-pregnen-&720a-diol-3-one). In the SDR

Ficure 3: pH dependency of 4-nitroacetophenone reduction and family, several enzymes in the metabolism of prostaglandins

CHX oxidation by recombinant P26h. The reductase activity was (23), retinoids @4), and sepiapterinl) have been reported
measured with 0.2 mM 4-nitroacetophenone and 0.1 mM NADH to exhibit carbonyl reductase omahydroxysteroid dehy-

(O) or NADPH (@), and the dehydrogenase activity was measured drogenase activity. However, both P26h and MLCR did not
with 10 mM CHX and 1 mM NAD" (&) or 2 mM NADP* (a). reduce or oxidize 58100 uM prostaglandins (g Fz, and
D,), 100uM retinoids @ll-transretinol andall-transretinal)

higher than the NADP-linked activity. The CHX dehydro-  and 10QuM sepiapterin, in addition to 0150 mM primary
genase was purified to homogeneity by ammonium sulfate alcohols (1-propanol, 1-butanol, farnesol, and geraniol) and
fractionation and consecutive column chromatographies on10—50 mM sugarsif-glucuronic acidp-xylose,L-xylulose
Sephadex G-100, Q-Sepharose, and Blue-Sepharose. From-glucosep-sorbitol,n-threitol, L-arabitol, erythritol, inositol,
1L of cultured cells, 1.5 mg of enzyme was obtained, in a xylitol, galactitol, and mannitol).
26% vyield, with a specific activity of 29.5 units/mg at 25 The reduced product of oddihydrotestosterone after
°C. SDS-PAGE revealed a single 26 kDa protein band that exposure to P26h was identified wita&ndrostane-®,173-
cross-reacted with the anti-MLCR IgG as detected in the diol by thin-layer chromatography. This, together with the
crude extract, indicating the identity of the purified CHX above substrate specificity, indicated that P26h efficiently
dehydrogenase with P26h. On gel isoelectric focusing, the catalyzes the reversible conversion betweenrCiH and
enzyme was focused at pH10. The pl value is similar to  3-oxo groups on the androstanes, in addition to having
that of P26h purified in hamster spermatozd®)( In MLCR-like carbonyl reductase activity. To determine the
addition, gel exclusion chromatography of the enzyme on a precise kinetic parameters for the coenzymes and substrates,
Superdex 200 HR column resulted in a single peak with an initial velocity measurements for the forward (NABinked
appareniM; of ~100000, demonstrating a tetrameric structure 5o-androstane-®,173-diol oxidation) and reverse (NADH-
for P26h. linked 5o-dihydrotestosterone reduction) directions were

The NAD™-linked CHX dehydrogenase activity of the performed. The double-reciprocal plots of initial velocity
recombinant P26h was elevated by increasing the pH fromversus NAD concentration at five fixed levels ofo5
5.5 10 10.5, whereas the NADHinked activity was low and androstane-®,173-diol yielded a series of intersecting lines.
exhibited a broad pH optimum at6.0 (Figure 3). The&Ky Similar patterns of initial velocity were observed in the
values for NAD" determined at pH 6.0 and 7.0 were 55 and reverse reaction (data not shown). The results are consistent
68 uM, respectively, and the respective values for NADP  with a reaction mechanism that proceeds in a sequential
were 1.8 and 1.4 mM. Although the reason for the difference manner. The kinetic constants, calculated from the secondary
in the pH dependency of the NAD and NADP'-linked plots of the initial rate data, were as follows. The Michaelis
activities remains unknown, th, values for the coenzymes constants for NAD, 5So-androstane-®,175-diol, NADH,
indicated a pronounced preference of P26h for NABP26h and x-dihydrotestosterone were 30, 3.4, 3.4, and8Vh
reduced 4-nitroacetophenone at pkB.0 in the reverse  respectively; dissociation constants for NARnd NADH
reaction with either NADH or NADPH as the coenzyme, were 28 and 18:M, respectively, and/max values for the
and also exhibited loweky values for NADH (3.0uM) at oxidation and reduction were 1.96 and 2.96 units/mg,
pH 7.0 than for NADPH (72M). Since the pH dependencies respectively. Thé., values for the Bi-androstane-®,17j3-
of NAD(P)(H)-linked activities were different, kinetic con-  diol oxidation and &-dihydrotestosterone reduction were
stants for substrates were measured with NAD(H), the calculated to be 1.28 and 0.85'srespectively, on the basis
preferable coenzymes, at a physiological pH of 7.0 (Table of the P26h subunit molecular mass of 26 kDa, and the
1). respectivekea/Ky values were 377 and 243'smM~1. When

P26h was found to reduce various aldehydes and ketonesthese values were inserted into the Haldane relationgbjp (
including oxosteroids. Since most of the carbonyl compounds the equilibrium constant for the reaction was calculated to
are the substrates for MLCR, the kinetic constants were be 0.27.
compared between P26h and MLCR. g Vmax andVmad/ The effects of known inhibitors for MLCR and daidzein
Kwm values for the nonsteroidal compounds, except 4-nitroac- on the NADH-linked 4-nitroacetophenone reductase activity

Specific activity (units/mg)
N w
o o

—
(=]
T
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Table 1: Comparison of Substrate Specificities of P26h and MLCR

P26h MLCR
KM Vmax Vma)JKM KM Vmax Vma)JKM
substrate (mM) (units/mg) (units mg mM~1) (mM) (units/mg) (units mgt mM~1)
reduction
acetone 0.065 3.74 57 0.064 2.73 42.7
2-butanone 0.011 2.96 269 0.007 1.60 216
cyclohexaone 0.032 5.2 162 0.009 2.76 303
cyclohex-2-en-1-one 0.19 2.98 15.2 0.33 1.73 5.2
indan-1-one 0.18 1.36 11 0.18 1.04 5.8
pyridine-3-aldehyde 0.033 5.0 152 0.017 2.77 162
pyridine-4-aldehyde 0.071 4.09 58 0.13 2.38 18
4-nitroacetophenone 0.005 6.30 1260 0.015 2.50 166
menadione 0.050 6.95 139 0.064 6.91 108
5a-androstane-3,17-dione 0.010 2.25 225 - (0.10) -
54-androstane-3,17-dione 0.004 2.81 702 0.024 5.24 218
5a-dihydrotestosterone 0.004 2.06 515 0.036 0.81 22
55-androstan-1/7-ol-3-one 0.004 3.98 995 0.071 1.62 23
oxidation

2-propanol 0.78 2.95 3.8 7.1 0.36 0.05
(9-2-butanol 0.072 7.77 108 0.11 0.74 0.74
chloral hydrate 1.9 3.87 2.0 4.4 19.3 4.4
cyclohexanol 0.19 2.82 14.8 0.49 0.30 0.61
CHX 0.078 26.0 335 0.28 6.3 23
(9-indan-1-ol 0.23 40.5 176 0.49 10.7 22
(R)-indan-1-ol 0.55 50.6 92 2.94 27.9 9.9
5o-androstan-8-ol-17-one 0.020 0.81 41 - (0.01) -
5p-androstan-8-ol-17-one 0.029 1.90 66 - (0.02) -
5o-androstane-®,173-diol 0.005 1.72 340 — (0.01) -
56-androstane-®,175-diol 0.045 1.62 36 - (0.03) -

aThe kinetic constants of P26h for substrates were determined with 0.1 mM NADH or 1.0 mM M#e coenzyme, and the coenzymes used
for the analysis for MLCR were 0.1 mM NADPH and 0.25 mM NADPThe apparenKy values of P26h for NAD(P) and NAD(P)H were
determined with 10 mM CHX and 0.2 mM 4-nitroacetophenone, respectively, as the substrate. The values in parentheses are specific activities with
25 uM 5a- and $B-androstane-8,175-diols, and 5uM other steroids.

Table 2: Effects of Inhibitors for MLCR on the Reductase Activity Arg39, and Thr40 of the MLCR sequence, which interact

of P26 with the 2-phosphate of NADPH1(0), are replaced with
concentration _inhibition of _ inhibition of Ser, Leu, and lle, respectively, in the P26h sequence (Figure
inhibitor (mMm) P26h (%)  MLCR (%) 1). To elucidate structural determinants for the NAD(H)
cibacron blue 0.01 71 56 specificity of P26h, we prepared two P26h mutants, L39R
daidzein 0.01 72 56 and TRT (replacing the Ser38-Leu39-lle40 sequence with
quercitrin 0.05 45 41 the corresponding residues, Thr-Arg-Thr, of MLCR), and
pyrazole 0.1 71 35 compared the kinetic constants in both the forward (with
g:mggl%gﬁﬁol 06.11 6396 1297 CHX as the substrate) and reverse (4-nitroacetophenone as
benzoic acid 1.0 10 13 the substrate) reactions between the wild-type and mutant

2 The activity was assayed in 0.1 M potassium phosphate (pH 7.0) enzymes (Table 3) The most striking alteration by the
containing 0.2 mM 4-nitroacetophenone and 0.1 mM NADH for P26h Mutations was to increase tfi& values for NAD(H) ahd
or NADPH for MLCR. to decrease thi€y values for NADP(H). Especially, the triple
mutation of TRT resulted in a significant decrease in the

of P26h were examined to compare the inhibitor sensitivity Kw values for NADP(H) which are comparable to those
between the two enzymes. All the inhibitors depressed the "€Ported with MLCR that prefers NADP(H) as the coenzyme
activity, and the inhibition percentages were almost the same(®)- In addition, the catalytic efficiencyVna/Ku) of TRT
as those of the NADPH-linked activity of MLCR, except With NADP(H) was more than 100-fold higher than that of
that pyrazole and 4-methylpyrazole showed more potent the wild type with NAD(H).
inhibition for P26h than for MLCR (Table 2). The activity The mutations also significantly influenced the activation
of P26h was also enhanced by the addition of arachidonic by arachidonic acid and 1,10-phenanthroline (Figure 4). The
acid and 1,10-phenanthroline, which are the efficient activa- stimulatory effect of the NADH-linked activity observed with
tors for MLCR (), but the NADPH-linked activity of P26h  wild-type P26h was largely decreased or disappeared with
was not (Figure 4). This is in contrast to the activation of the L39R and TRT mutations, whereas the NADPH-linked
MLCR, where the activators stimulated the NADPH-linked activity of L39R was slightly activated by the activators and
activity but not the NADH-linked activity. that of TRT greatly stimulated. The activation of wild-type
Kinetic Alteration by Mutagenesi€ne of the significant ~ P26h and TRT by 16:M arachidonic acid resulted in an
differences in properties between P26h and MLCR was the ~2-fold increase in the&ky values for the coenzymes. A
coenzyme specificity as described above. The subunits ofsimilar increase in th&y value for NADPH by the activation
the two enzymes are composed of 244 amino acids, and showhas been observed with MLCRG®). The results, together
differences of 32 amino acid residues, of which Thr38, with theKy values of the mutant enzymes for the coenzymes
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(A) (B) the anti-MLCR antibody was observed on Western blot
analysis of these fractions. The results suggest that P26h is
present specifically in the testis and epididymis. However,
the origin of P26h in the nuclear fraction of the epididymis
remains unknown because of the testis-specific expression
of mMRNA for P26h B) that was also confirmed by the RT-
PCR with gene-specific primers (data not shown).

When the activities of several marker enzymes of the
organelles were assayed, NAldependent isocitrate dehy-
drogenase, a mitochondrial marker enzyme, was enriched

. . . ) in the nuclear fraction of the epididymis, and in both nuclear

o 4 8 12 18 o 4 8 12 16 and mitochondrial fractions of the testis (Figure 5). It should

Arachidonic acid (uM) Arachidonic acid (uM) be noted that in the subcellular fractionation of other tissues,
such as liver and kidney, more than 80% of the NAD
© D) dependent isocitrate dehydrogenase activity was recovered

500 700 1 in the mitochondrial fractions. The effects of various

600 [ treatments on solubilization of the NABinked CHX

dehydrogenase activity were further compared between the

testis mitochondrial and epididymis nuclear fractions to
determine whether P26h exists as different forms. Both the
two subcellular fractions prepared with 0.25 M sucrose
exhibited low enzyme activity before the various treatments

(Table 4). Sonication and repeated freezing and thawing

) . . ) enhanced the total activity of the testis mitochondrial fraction

o 1 2 s . . . . by 9- and 4-fold, respectively, and more than 50% of the

1.10-Phenanthroline (mM) 1,10-Phenanthroline (mi) activity was solubilized. Treatments with 0.5% Nonidet P-40

FiGure 4. Effects of arachidonic acid and 1,10-phenanthroline on and 1% Tm-o-n X100 resulted iv13-fold enhancement o.f.

NADH- and NADPH-linked 4-nitroacetopheﬁong reductase activi- the total activity, but t_he amounts of relgased enzyme activity

ties of wild-type and mutant P26h proteins and MLCR. The Were lower than with sonication. Since P26h has been

activities of wild-type P26h@), L39R (a), TRT (2), and MLCR solubilized from hamster sperm by the detergents containing

(O) were assayed with 0.1 mM NADH in panels A and C or 0.1 0.15 M NaCl (, 22), the mitochondrial fraction was treated

mM NADPH in panels B and D. The activity without the activator \yith the detergents in the presence of 0.2 M KCI. While

was taken to be 100%. . .

extraction with 0.2 M KCI alone had almost no effect on

in Table 3, indicated that the stimulation by the activators the enzyme activity of the fraction, almost complete solu-
occurs in the reactions mediated by only the high-affinity bilization of the enzyme activity was achieved by treatments
coenzymes, and suggested that the binding of the activatorsvith the detergents and 0.2 M KCI. The effects of the
leads to rapid release of the oxidized coenzyme products.treatments on the mitochondrial enzyme activity of testis
Distribution of P26h in Subcellular Fractions of Hamster were similar to those on the enzyme activity in the nuclear

TissuesThe distribution of P26h in the subcellular fractions fraction of the epididymis, except the treatments with

of hamster tissues was examined by assaying the NAD detergents alone released low amounts of the activity from

linked CHX dehydrogenase activity and by Western blot the fraction.

analysis. The high enzyme activity was detected in the To compare the properties of P26h in the fractions of the

mitochondrial fraction of the testis and in the nuclear fraction testicular mitochondria and epididymal nuclei, this protein

of the epididymis, which corresponded to 76 and 82%, was purified from the solubilized supernatants of the two
respectively, of the sums of total activities recovered in all particulate fractions by 1% Triton X-100 and 0.2 M KCI.
the subcellular fractions of the two tissues (Figure 5). The The purification procedure used for the recombinant protein
total amount of enzyme activity in the testis wa®-fold was modified to remove the detergent. The protein in the
higher than that in the epididymis because of the difference solubilized sample was first adsorbed on a Blue-Sepharose
in the tissue weights. Western blot analysis also revealedcolumn, which was then extensively washed with the buffer
that P26h is enriched in the two fractions of the tissues, andwithout the detergent before the enzyme was eluted with the
the single 26 kDa band indicated that MLCR-like protein, buffer containing NAD. The enzyme fraction was further
which is expected to migrate slower than P26h (Figure 2), purified by consecutive column chromatographies on Sepha-
is not present in the two tissues. No NAflinked CHX dex G-100 and Q-Sepharose. The final preparations purified
dehydrogenase activity was detected in the nuclear andfrom the mitochondrial fractions of testis (4 g) and the
mitochondrial fractions of the other tissues; however, the nuclear fractions of epididymis (1 g) exhibited specific
moderate activity of 26 munits/mg was observed in the activities of 13.0 and 9.0 units/mg, respectively, and the
cytosolic fraction of liver, and low activities of 0-2.0 respective yields were 11 and 2%. The two preparations were
munits/mg were detected in the cytosolic fractions of heart, not homogeneous on SBHAGE analysis, but the major
lung, kidney, spleen, and brain, and in the microsomal protein migrated at the same mobility (26 kDa) as the
fractions of heart and liver. The moderate or low enzyme recombinant P26h, and cross-reacted with the anti-MLCR
activities of these tissue fractions may be due to other IgG. In addition, the recombinant, testicular, and epididymal
dehydrogenase(s), because no immunoreactive protein withenzymes or the mixture of the three preparations exhibited
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Table 3: Alteration of Kinetic Constants for Coenzymes and Substrates in the Forward and Reverse Reactions by Mutants of L39R and TRT

ratio ratio
coenzyme parameter WT L39R (L39R/WT) TRT (TRT/WT)
NAD™* Ku for NAD* (mM) 0.068 14 21 0.62 9.2
Vmax (Units/mg) 17 19 1.1 49 2.8
Vma/Kn (Units mgt mM—1) 256 14 0.05 78 0.3
Kw for CHX (mM) 0.078 0.057 0.7 0.066 0.9
NADP* Kw for NADP* (mM) 1.4 0.37 0.3 0.003 0.002
Vmax (Units/mg) 15 22 1.4 14 0.9
Vina/Kn (Units mgt mM~2) 11 59 5.5 4666 424
Kw for CHX (mM) 0.054 0.054 1.0 0.078 1.4
NADH Km for NADH (mM) 0.003 0.013 4.1 0.018 5.8
Vmax (Units/mg) 5.1 5.1 1.0 17 3.4
VimadKn (Units mgt mM—1) 1700 388 0.2 927 0.5
Kw for ANAP (mM) 0.005 0.018 3.6 0.016 3.2
NADPH Kw for NADPH (mM) 0.079 0.011 0.1 0.0008 0.01
Vmax (Units/mg) 9.3 9.9 1.1 9.4 1.0
VmadKn (Units mgt mM—1) 118 877 7.5 11750 96
Kw for 4ANAP (mM) 0.013 0.039 3.0 0.008 0.6

aThe Ky values for coenzymes antha.x values were determined in the presence of 10 mM CHX or 0.2 mM 4-nitroacetophenone (4NAP), and
the Ky values for the substrates were in the presence of 1.0 mM NADEPP.1 mM NAD(P)H.

single bands at an identical pl value of 10.0, when NAD  to that of PLCR 28), the Va/Ku values for the steroids of
linked CHX dehydrogenase activity was stained on isoelectric P26h at pH 7.0 are much higher than those of PLCR
focusing analysis (data not shown). determined at the pH optimum of 6.0. (3) P26h exhibited
Both the testicular and epididymal enzymes exhibited pH high dehydrogenase activity not only for the xenobiotic
dependency of the CHX dehydrogenase activity similar to alcohol substrates of the lung carbonyl reductases but also
that for recombinant P26h. Th&y values for NAD™ and for 3a-hydroxysteroids that are poor substrates for MLCR
NADP* were 66uM and 1.4 mM, respectively, for the or have been described not to be oxidized by GLCR and
testicular enzyme, and the respective values of the epididymalPLCR @, 27, 28). Thus, P26h is an NADdependent
enzyme were 64M and 1.8 mM. The two enzymes also secondary alcohol dehydrogenase witie-I8/droxysteroid
oxidized @-androstane-®,173-diol at the same lowKy dehydrogenase activity, rather than carbonyl reductase.
value of 4uM in the presence of 1.0 mM NAD The The amino acid sequence of P26h is 87% identical with
NADH-linked 4-nitroacetophenone reductase activities of the that of MLCR, and thus should have a three-dimensional
two enzymes were inhibited t820—30% of the respective  structure very similar to that of MLCR1(). P26h should
control values by 1QM daidzein and 0.1 mM pyrazole, also have a quaternary structure similar to that of MLCR,
and activated~3-fold by 16 uM arachidonic acid. The  because it possesses Arg203 that has been shown to play an
enzyme activities of the recombinant, testicular, and epi- important role in subunit association of MLCR. The predic-
didymal P26hs were not affected by the addition afgbof tion is further supported by the fact that the expressed
concanavalin A or the preincubation of the enzymegdl  recombinant P26h was tetrameric and maintained enzymatic
with 5 ug of concanavalin A in 20 mM Tris-HCI (pH 7.5)  activity similar to that of MLCR as described above.
for 30 min at 4°C. In addition, these enzyme preparations  As we have shown, P26h takes NAD(H) as the coenzyme.
did not adsorb on a ConASepharose column that had been |, many NAD(H)-dependent enzymes, including the SDR
equilibrated with the Tris-HCI buffer containing 0.1 MNaCl.  tamjly proteins, the critical determinant for the coenzyme
specificity is the negatively charged residue, usually Asp, at
DISCUSSION the C-terminus of the secodstrand of thgga,3 (Rossmann)
fold (10, 29—32). However, there is no such acidic residue
The enzymatic properties of recombinant P26h character-in this region of P26h (Figure 1). The unique way of
ized in this present study indicate that the protein exhibits recognizing NAD(H) of P26h was, therefore, further exam-
high reductase activity for various carbonyl compounds, like ined through the three-dimensional homology model of P26h
those of MLCR 8, 9) and lung carbonyl reductases of guinea built on the basis of the X-ray structure of MLCR which
pigs (GLCR;27) and pigs (PLCR28). In addition, P26h binds NADP(H). In MLCR, the NADP(H) specificity is due
resembles the lung carbonyl reductases in terms of intra-to the electrostatic interactions of the two basic residues,
cellular localization (with respect to testicular cells), tet- Lys17 and Arg39, and hydrogen bond interactions of Thr38
rameric structure, inhibitor sensitivity, and activation by and Thr40 with the 2phosphate of the coenzym&Q( 26,
arachidonic acid and 1,10-phenanthroline. However, there 33). In the P26h sequence, however, Lys17, Thr38, Arg39,
are some differences between P26h and MLCR. (1) The mostand Thr40 of MLCR are replaced with Arg, Ser, Leu, and
striking difference is the coenzyme specificity: P26h ex- lle, respectively, although all the other residues of MLCR
hibited a preference for NAD(H) to NADP(H), in contrast interacting with the coenzyme molecule are conserved. Of
to the NADP(H)-preferring MLCR. (2) P26h efficiently the four replacements, the change at position 17 may not
reduced the 3-oxo group ofos and F-androstanes. This  contribute to the NAD(H) specificity of P26h, because the
steroid specificity differs from that of MLCR for 3-0xg55 mutation of Lys17 to Arg in MLCR has no effect on the
steroids 8) and the low activity of GLCR toward the kinetic constants for the coenzymeé&®). On the other hand,
oxosteroids 27). Although the specificity of P26h is similar  the changes at positions 39 and 40 will have drastic effects.
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(A) Table 4: Solubilization of NAD-Linked CHX Dehydrogenase
200+ 2004 Activity from the Mitochondrial Fraction of Testis and Nuclear
Fraction of Epididymis
1004 100- testicular epididymal
— mitochondrial nuclear
E’ treatment step fraction (%P  fraction (%
I 0- none mixture 100 100
S 20 Tes. 2 Epi. o supernatant 4 5
E b| 1cD ICD sonication mixture 938 413
- . 3 supernatant 710 290
T 104 10+ b freezing and thawing  mixture 390 333
S a supernatant 211 215
o c d c d 0.2 MKCl mixture 100 27
= 0. 0- - supernatant 65 37
5;;_ Epi Epi. 0.5% Nonidet P-40  mixture 1310 1258
) i supernatant 504 77
e I %1 cerp | d 0.5% Nonidet P-40 _ mixture 1324 1433
: and 0.2 M KClI
15+ 154 supernatant 1211 1408
b d b 1% Triton X-100 mixture 1255 1308
0d =2 0d supernatant 514 79
5 5 00 5 50 100 1% Triton X-100 mixture 1279 1417
and 0.2 M KClI
Protein (%) Protein (%) supernatant 1200 1375
aMixture represents the mitochondrial or nuclear fractions treated,
(B) and supernatant is the 12@P8upernatant of the mixtur& The value
. o . represents the relative activity in the mixture or supernate, in which
Testis Epididymis the activity in the nontreated mixture was taken as 100%.

P a b ¢ d a b ¢ d
pig. With respect to the reduction of oxosteroids, P26h, as
-— e — e well as PLCR, acceptsob and F-androstanes as the
substrates, while MLCR accepts only-5Steroids, despite
FiGurRe 5: Distribution of P26h in the subcellular fractions prepared the amino acid sequences of P26h, PLGR)(and MLCR
from hamster testis and epididymis. (A) Distribution pattern of the (9) being more than 85% identical to each other. Therefore,
activities of NAD*-linked CHX dehydrogenase and marker en- the residues, which are conserved in both P26h and PLCR
zymes. The fractions are represented according to the order in whichpy it not in MLCR (Figure 1, marked with arrowheads), can

they are separated, i.e., from left to right, (a) nuclear fraction, (b) . P . .
mitochondrial fraction, (c) microsomal fraction, and (d) cytosolic be candidates for the specificity determinant (SD) residues

fraction. For testis (Tes), the patterns of the CHX dehydrogenase Which are responsible for the difference in the steroid
(CHXD) and isocitrate dehydrogenase (ICD) are shown, becausespecificity. In the search for the SD residues, it is reasonable

NADPH-—cytochromec reductase (fp2) and glucose-6-phosphate to focus on the substrate-binding site. The crystal structures
dehydrogenase (G6PD) were mainly distributed in the microsomal ¢ N1 cR (10) and the other SDR family protein8F—38)

and cytosolic fractions, respectively, like the patterns in epididymis . L7
(Epi).y'tl'he values represe‘;‘t the r)ll1eans of gwo experin?entsY (B) suggest that the substrate-binding site is composed of the

Western blot analysis of the subcellular fractions of the testis (left) residues located in the three heliced=(aG1, andaG2),
and epididymis (right) using the anti-MLCR antibody: lane P, thefSD—aE, SE—aF, andSF—aGlloops, and the C-terminal
reco_mbinant P26h; lane a, nuclear fraction; lane b, mit_ochondrial segment. Among them, candidates for the SD residues can
fraction; lane ¢, microsomal fraction; and lane d, cytosolic fraction. ;.5 nd in the3D—aE loop and in the8E—aF loop. Such
residues in the P26h sequence are Val86, Ala87, and Leu88
MLCR has electrostatic and hydrogen bond interactions with (in the SD—oE loop) and Gly145 and Alal47 (in thRE—
the 2-phosphate of NADP(H) through Arg39 and Thr40. oF loop). Of these residues, Ala87 is the nearest to
On the contrary, P26h generates steric hindrance and/or2-propanol in the three-dimensional model of P26h (Figure
hydrophobic environments through the neutral and bulky side 6), and may play a role in the binding of both-band -
chains of Leu39 and Ile40, which would prevent the approach androstanes. In comparison to the Val side chain of MLCR
of the 2-phosphate group (Figure 6). The importance of these at the corresponding position, the Ala side chain common
residues is supported by our experimental result that theto P26h and PLCR is smaller and generates additional room
complete inversion of the coenzyme specificity of P26h can in the putative substrate-binding pocket. This room in the
be achieved by the triple mutation of Ser38, Leu39, and lle40 substrate-binding pocket of P26h or PLCR would make it
into the corresponding residues of MLCR (Thr, Arg, Thr, possible to acceptleandrostanes as well ag-androstanes,
respectively), but not by the single mutation of Leu39 to while the bulky Val side chain of MLCR could be a steric
Arg. Thus, the manner in which P26h recognizes NAD(H) hindrance for &-androstanes entering into the binding
is quite different from that of the other NAD(H)-dependent pocket. Another candidate of the amino acid residues
enzymes reported so far, and this study is the first report responsible for the substrate binding is Gly145 in fiie-
that reveals the key role of the residues other than well- aF loop, although this site is a little distant from 2-propanol.
known Asp in the NAD(H) specificity. The introduction of Gly would increase the flexibility of the
The reactivity toward steroids varies among P26h and threeSE—oF loop, which may allow the approach and adaptation
lung carbonyl reductases, those of mouse, guinea pig, andof both 5i- and $B-androstanes to the substrate-binding
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Leu147

Asn145

F/ Valg7
2-Propanol
\

2-Propanol Ala87

Ficure 6: Comparison of the residues involved in the binding of thptbsphate of NADPH between the ternary complexes of MLCR

(with NADPH and 2-propanol) and the P26h model (with NADH and 2-propanol). The NAD(P)H and 2-propanol molecules are depicted
in dark gray and black, respectively, and the water molecule (Wat136) that bridge'spgheshate group and the side chain of Thr38 in

MLCR is shown as a cross. The residues which are possibly responsible for the difference in substrate specificity of the two enzymes are
also shown around 2-propanol.

pocket of P26h and PLCR. In this sense, Alal47 in P26h room could increase the flexibility of Alal47 and thus the

and PLCR, which is lle in MLCR, can also be a candidate. SE—aF loop, too. Thus, Ala87, Gly145, and Alal47 are the

This residue exists at the terminus of {hEe—aoF loop and candidates for the SD residues for the reductionwf &d

is packed densely with the hydrophobic side chains of the 53-oxosteroids. In addition to the three residues, other
neighboring monomer in the case of MLCR, but would not residues that are present only in P26h but not in MLCR and
be so densely packed in the case of P26h and PLCR. ThePLCR might be coordinately responsible for the high
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dehydrogenase activity, which is one of the unique propertiesdescribed above. If the C-terminal region of P26h would be
of this protein. cleaved after the transfer of the glycosyhosphatidylinosi-
P26h was described to be bound on the surface coveringtol moiety, the modified P26h may not form correct
the acrosomal cap of spermatozoet), (but P26h mRNA quaternary structure and lose the enzymatic properties,
has been shown to be predominantly expressed in spermatobecause the C-terminal part of the protein is probably
genic cells of hamster testis and at a low level in the corpus important for the subunit association as described in the
epididymis by an in situ hybridization studg)( From these MLCR structure 10). Furthermore, the proteins expressed
findings, P26h has been thought to be secreted by the testisn E. coli and purified from the testis and epididymis did
and/or corpus epididymis and to accumulate on the mem-not adsorb to the ConASepharose column, and their
brane of spermatozoa during epididymal maturation. How- enzyme activities were not affected by concanavalin A.
ever, we propose that P26h is a tetrameric protein in the Therefore, most of P26h molecules may not exist in
mitochondrial matrix of the testicular cells and epididymal phosphatidylinositol-anchored proteins at least in the tes-
cells (probably spermatozoa) by the following biochemical ticular cells, although some of them can be attached with
characterization of this protein and histological difference the glycosyt-phoshatidylinositol moiety in epididymal cells
of the testis and epididymis. (1) The results of the subcellular before being transported into mitochondria.
distribution of P26h indicated that this protein exists as a  Our insight into the localization of P26h also differs from
mitochondrial protein in testicular cells. Although the enzyme those proposed by immunohistochemical studies with poly-
activity was recovered mostly in the nuclear fraction in the clonal antibodies against P26, (42). The polyclonal
case of the epididymis, most of the activity of the mito- antibodies have been reported to cross-react with a human
chondrial marker enzyme, isocitrate dehydrogenase, was als@pididymal protein, P34H, whose amino acid sequence is
detected in this subcellular fraction. (2) The enzyme activity 65% identical with that of P26h44, 45). We molecularly
of P26h in the testicular, mitochondrial, and epididymal cloned a protein whose amino acid sequence was 89%
nuclear fractions exhibited high latency, and P26hs purified identical against P34H from hamster liver and found that
from the two subcellular fractions exhibited almost the same the P34H-like protein was distributed in many tissues,
molecular weights, isoelectric points, and enzymatic proper- including the testis and epididymis (unpublished experi-
ties as those of the recombinant P26h. This implies that thements). It should be noted that the antibodies against MLCR
P26h molecule is not modified after being translated from used in this study cross-reacted with P26h, but not with the
the P26h mRNA and exists inside the membranes. (3) MLCR hamster P34H-like protein. Thus, it might be possible that
is a mitochondrial protein39), and its N-terminal sequence the immunoreactive P34H-like protein is detected in the
(residues +21) acts as a noncleavable signal to transport studies on the localization of P26#, @2). In these previous
the protein into the mitochondrial matri) The N-terminal experiments, the spermatozoa were incubated with the
sequence of P26h is almost the same as that of MLCR, exceptintisera against P26h, which might react with proteins on
that there are two replacements (Ser6 with Thr and Lys17 the surface of the membranes but not with those inside the
with Arg, Figure 1) that do not affect the role of the sequence membranes. To resolve the discrepancy in the localization
as the noncleavable signatQ). (4) In the last phase of of P26h in spermatozoon between this study and previous
spermatogenesis, the Golgi region and mitochondria of the studies, its ultrastructural localization using electron micros-
round spermatid in the testis are utilized to form the head copy and monoclonal or monospecific antibody against this
cap and middle piece (mitochondrial sheath), respectively, protein is, however, required.
of spermatozoon, which is stored in the epididymis to acquire  The study present here shows that in the testis and
the capacity for fertilization41). This, together with the  epididymis P26h exists in mitochondria as a tetrameric
findings described above, suggests that P26h is mostlyNAD*-dependent dehydrogenase. Especially, P26h effi-
localized in the mitochondria of the testicular spermatids and ciently catalyzed the oxidoreduction betweerdndrostane-
the mitochondrial sheaths of the epididymal mature sper- 3o,173-diol and ®x-dihydrotestosterone. Thes,/Ky or Vina
matozoa. The high yield of P26h in the nuclear fraction of Ky values for the steroids are higher than or comparable to
the epididymis may be the result of its localization in the those reported with mammalian cytosoliz-Bydroxysteroid
mature spermatozoa, which are resistant to the ordinarydehydrogenasegt§—49), and are much greater than those
homogenization employed in this study. of humant-3-hydroxyacyl-CoA dehydrogenase which has
P26h has been believed to be a glycoprotein because ofbeen also reported to act as a mitochondri@hgdroxy-
evidence of its binding to concanavalin A)(and recently steroid dehydrogenasB(). Testosterone is able to initiate,
reported to be phosphatidylinositol anchored to the sperm maintain, and reinitiate the formation of spermatozoa, and
membrane 42). Phosphatidylinositol-anchored protein is the testicular effects of testosterone are mediated by its
generally synthesized on the endoplasmic reticulum, and metabolite, B-dihydrotestosterone, as well as by estradiol
processed in the lumen of the organelle as follows: the (51). We propose that P26h plays a role in controlling the
removal of its N-terminal leader peptide, the transfer of the concentration of the potent androgen;&ihydrotestosterone,
glycosytphoshatidylinsitol moiety on an amino acid of its in the spermatogenic cells during spermatogenesis, in addi-
C-terminal region, and hydrolysis of the C-terminal hydro- tion to its role in the processes of gamete interaction
phobic region below the phosphatidylinositol-anchored amino previously reported4). The protein also exhibited broad
acid @3). However, there is no consensus sequence for specificity for carbonyl compounds, like lung carbonyl
N-glycosylation in the P26h sequence, and the protein reductases that have been suggested to function in detoxi-
previously purified from hamster spermatozoa retains the fication of carbonyl compounds derived from lipid peroxi-
N-terminal sequence deduced from its cDNB),(which dation @8, 39). Alternatively, P26h might act as a reductase
supports the mitochondrial localization of this protein as for carbonyl compounds derived from lipid peroxidation
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within the mitochondria of the cells of testis and epididymis,
because the NADNADH ratio in mitochondria is generally
lower than that in cytoplasm.
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