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Abstract

The 1B-hydroxysteroid dehydrogenase from the fungiechliobolus lunatuss an NADP(H)-dependent member of the short-chain
dehydrogenase/reductase superfamily (SDR) that belongs to the cP1 classical subfamily. Here, we have created several mutants by si
directed mutagenesis, and through these we have studied the amino acid residues that are responsible for coenzyme binding and specific
The Thr202Val and Thr202lle mutants were inactive, thus confirming the importance of Thr202 for the appropriate orientation of the coenzyme
that enables the hydride transfer. The Ala50Arg and Asn51Arg mutants had increased rates of NADPH dissociation, and thus an enhance
substrate oxidation with NADR while the Asn51Arg mutant also showed an increased rate of NAfi¥3ociation, and thus an enhanced
substrate reduction with NADPH. Addition of a negatively-charged amino acid residue at the first position after th@ sstcamdl(Tyr49Asp)
affected the coenzyme specificity and turned the enzyme into an"N&pendent oxidase resembling the cD1d subfamily members.
© 2005 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction ent motifs in the coenzyme binding and active-site regions,
and different chain length&@llberg et al., 200R The clas-

The protein superfamily of short-chain dehydroge- sical and extended SDR families have been further divided
nases/reductases (SDRs) includes a large number ofintosubfamiliesbased ontheirpatterns of charged coenzyme-
prokaryotic and eukaryotic enzymes. To date, about 3000 binding residuesiallberg et al., 200R The classical family
members of this superfamily have been reported in different includes oxidoreductases, such as steroid dehydrogenases
speciesQppermann et al., 2003The SDR proteins function ~ and carbonyl reductases. In the NADP(H)-preferring classi-
as NAD'-dependent oxidases or NADPH-dependent reduc- cal SDRs, the two negative charges of th@Bosphate group
tases, and they are involved among others in steroid hormoneof the coenzyme are compensated for by one or two positively
metabolism, fatty acid oxidation and biotransformation of charged residues of the enzymes. The first of these is found in
xenobiotics Oppermann etal., 2003Although the sequence  the Gly-X-X-X-Gly-X-Gly coenzyme binding motif towards
identities between different SDR proteins are low, varying the N-terminal, and is positioned before the second glycine.
from 15% to 30%, all of the available three-dimensional (3D) The second basic residue is situated in the first loop position
structures display a highly simila# folding pattern, where  after the seconfl-strand. The proteins with the basic residue
thep strands form alayer thatis surrounded by thréelices in the first position fall into the cP1 subfamily, while those
on each side@ppermann et al., 2003 with the basic residue in the second position belong to the

The SDRs have been divided into five families (classical, cP2 subfamily. The cP3 subfamily consists of proteins that
extended, intermediate, divergent and complex) with differ- have basic residues in both positiokalberg et al., 2002;

Persson et al., 2008Table J).
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Table 1
The alignment of the amino acid sequences around the coenzyme binding fold

[subfamily] <-BA> <==-—-QB----> <-BB->

NADP(H)-dependent enzymes

CR (pig) [cP3] 9 RALVTGAQRBIGRDTVKALHVS_ GARVVAVTRIF
CR (human) [cP3] 7 VALVTGGNKBIGLAIVRDLCRLESGDVVLTARD
20B8-HSD (pig) [cP3] 7 VALVTGANKGIGFAIVRDLCRKEFLGDVVLTARD
118-HSD/CR (mouse) [cP3] 36 KVIVTGASKBIGREMAYHLSKM GAEVVLTARS
TR-I (Datura) [cP3] 23 TALVTGGHKGIGYAIVEELAGL GARVYTCSRN
TR-1I (Datura) [cP3] 11 TALVTGGYRBIGYGIVEELASL GASVYTCSRN
70-HSD (Eubacterium) [cP3] 7 VILVTASTRBIGLATIAQACAKE GAKVYMGARN
PcR (Arabidopsis) [cP2] 90 NVVVTGAYSBLGLATAKALAETGKWNVIMACRD
Ver-1 (Aspergillus) [cP1] 11 VALVTGAQRBIGAATAVALGER GAKVVVNYRH
VerA (Emericella) [cP1] 13 VALVTGAj IGAATAVALGQP GAKVVVNYRAN
THNR (Magnaporthe) [cP1] 30 VALVTGAGQRBIGREMAMELGRR GCKVIVNYRN
17B-HSDel (C.Iunatus) [cP1] 20 VALVTGSGRGIGAAVAVHLGRL_GAKVVVNYAN

NAD(H)-dependent enzymes

30,20B3-HSD (Streptomyces) cD1d] 8 TVIITGGARGLGAEAARQAVAA GARVVLADVL

[
To-HSD (E.coli) [eD1d]13 CAIITGAGAGIGKEIAITFATA GASVVVSD[IN
DhpR (rat) [cD1d] 9 RVLVYGGRGALGSRCVQAFRAR NWWVASIDVV
15-HPGD (human) [cD1d] 7 VALVTGAAQGIGRAFAEALLLK GAKVALVDWN
ADH (Drosophila) [cD1d] 9 VIFVAG LGGIGLDTSKQLLKRDLKNLVII|DRI

Comparison of the sequences around the coenzyme binding fold of the SDR superfamily proteins, grouped according to their coenzyme specificities. The
amino acids that determine the coenzyme specificities are boxed (CR: carbonyl reductase; HSD: hydroxysteroid dehydrogenase; TR: tropisene reducta
THNR: tetrahydroxynaphtalene reductase, Ver: versicolorin reductase, PcR: protochlorophyllide reductase, Dhpr: dihydropteridine ¥8ddle@ge,15-
hydroxyprostaglandin dehydrogenase, ADH: alcohol dehydrogenase).

factor for NAD(H) preference. This residue participates We have been studying BHSD from the fungus
in hydrogen bonding with the’zand 3-hydroxy groups Cochliobolus lunatugl 78-HSDcl), which is the only fungal
of the adenine ribose moiety of NAD(H), and it repels 173-HSD that has been purified and cloned to dasn{Snik
NADP(H) electrostatically. The members that bind NAD(H) Rizner et al., 1996, 1999Although the physiological func-
and have an aspartic or glutamic acid at the end of the tion of the fungal 1B-HSD has not yet been confirmed, the
second p-strand form the cD1d and cDle subfamilies, sequence similarity to human gHSD type 4 and 8 (30%
respectively. The proteins that instead have a negatively-and 29% identity, respectively), the endogenous biosynthesis
charged residue in the first or the second positions after of androgensKastelic-Suhadolc et al., 1994nd the pres-
the second3-strand belong to the cD2 and c¢D3 subfami- ence of androgen binding proteins @ lunatus(Kastelic-
lies, respectivelyKallberg et al., 2002; Persson et al., 2D03 Suhadolc and Lenasi, 19p8dicate 1 B-HSDcl might be
(Table 1. involved in steroid signalling. Considering homology to fun-
The amino acid residues that determine the coenzymegal reductases BFHSDcl might also be involved in the
specificities have been already studied in the following SDR biosynthesis of mycotoxins or it might be a part of fungal
members: NADP(H)-dependent mouse lung carbonyl reduc- detoxification mechanisnb.&nisnik Rizner et al., 200/ Fur-
tase (cP3 subfamily)Nakanishi et al., 1996; Nakanishi et ther studies uncovering the physiological role of this enzyme
al., 1997; type 1 (cP2)Huang et al., 2001and type 3 (cP3)  are underway.
(McKeever et al., 2002human 1B-hydroxysteroid dehy- This 1B3-HSDis an oxidoreductase with amolecular mass
drogenases (HSDs); human carbonyl reductase (&)t of 28 kDa that preferentially catalyses reversible oxidoreduc-
and Wermuth, 2001 rainbow trout carbonyl reductase-like tion of estrogens and androgens with 4-estrene-3,17-dione
20B-HSD (cP3) Guan et al., 2000 as well as in NAD(H)- and 4-estrene-#ol-3-one as the two most preferred sub-
dependent 15-hydroxyprostaglandin dehydrogenase (cD1d)strates. The enzyme has conserved classical SDR motifs, i.e.
(Cho et al., 2008 type 2 1B-HSD (cD3) @Arnold et al., the GIy?°-X-X-X-Gly 22-X-Gly3! coenzyme binding site in
2003; and type 1 and type 2 humarB-3SD/isomerase  the N-terminal region and the Bf’-X-X-X-Lys 171 catalytic
(extended SDR)Thomas et al., 2004 siteinthe central region. Itisan NADP(H)-preferring enzyme



Download English Version:

https://daneshyari.com/en/article/9914921

Download Persian Version:

https://daneshyari.com/article/9914921

Daneshyari.com


https://daneshyari.com/en/article/9914921
https://daneshyari.com/article/9914921
https://daneshyari.com

