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In the characterization of newly identified proteins, subcellular localization studies can provide important hints to the proteins' metabolic functions. Depending on the biochemical task of an enzyme, certain subcellular environmental conditions as pH or availability of cofactors and substrates have to be fulfilled. Consequently, misdirected proteins often cannot conduct the proper chemical reaction.

This study is aimed at detecting differences in bioinformatic and wet lab experiments and presenting ways for reliable analysis of subcellular localization. On a set of ten enzymes from the short-chain dehydrogenase/reductase (SDR) superfamily, we have performed predictions and experimental analyses of subcellular localization. Exemplarily, we show the localization studies on rat short-chain dehydrogenases/reductases dhrs7b and dhrs8. We demonstrate in particular that all of the prediction algorithms tested failed to assign the SDR enzymes to an experimentally verified subcellular compartment.

sharing some structural motifs like that of the aldo-keto reductases or the short-chain dehydrogenase/reductases (SDR) (Oppermann et al., 2003) which comprise many uncharacterized members [START_REF] Keller | Bioinformatic identification and characterization of new members of short-chain dehydrogenase/reductase superfamily[END_REF]. In the characterization of novel proteins, subcellular localization studies can provide important hints to their metabolic functions.

Depending on the biochemical task of an enzyme, certain subcellular environmental conditions as pH or availability of substrates and cofactors have to be fulfilled. Consequently, misdirected proteins often cannot conduct the proper chemical reaction. The significance of appropriate environment becomes apparent considering as example many hydroxysteroid dehydrogenases which have shown ability to catalyze different directions of reactions in vivo or under defined conditions in vitro [START_REF] Khan | Human 17beta-hydroxysteroid dehydrogenases types 1, 2, and 3 catalyze bi-directional equilibrium reactions, rather than unidirectional metabolism, in HEK-293 cells[END_REF].

For preliminary bioinformatic analysis several servers running different algorithms are publicly available. The challenge in the SDR proteins is that their high level of structure conservation (and hydrophobicity patterns) is unparalleled by amino acid sequence dissimilarity. We compared five servers for a set of ten so far uncharacterized SDR enzymes.

Remarkably, the results differ widely or are nonconclusive depending on the algorithms used.

Therefore, we verified the issue by recombinant expression of the respective proteins in living cells. To avoid potential masking of the targeting signals we expressed the proteins as N-or C-terminally tagged recombinant proteins, respectively. By counterstaining of several compartments and visualization by fluorescent microscopy, we were then able to precisely define the subcellular localization.

This study is aimed at highlighting differences in bioinformatics and wet lab experiments and presenting ways for reliable analysis of subcellular localization. For ten SDRs, we have conducted predictions and experimental analyses of subcellular localization. Exemplarily for A c c e p t e d M a n u s c r i p t 4 these studies, localization of previously non studied rat short-chain dehydrogenases/ reductases dhrs7b and dhrs8 will be shown.

Material and Methods

Bioinformatic prediction of subcellular localization

Five servers were employed for the analysis of subcellular localization. These servers were: pSORTII (http://psort.ims.u-tokyo.ac.jp/form2.html), pTarget (http://bioinformatics.albany.edu/~ptarget/), SubLoc1.1 (http://www.bioinfo.tsinghua.edu.cn/SubLoc/eu_predict.htm), TargetP1.1 (http://www.cbs.dtu.dk/services/TargetP/), LOCtree (http://cubic.bioc.columbia.edu/services/loctree). For references, see respective web sites and references therein.

Cloning of rat dhrs7b and rat dhrs8

For cloning, the CDS were amplified by PCR from IMAGE clones ordered from RZPD TAT CTT TGT AGC CAA CAA CAG C-3'). Inserts were verified by didesoxy sequence analysis using vector specific primers. For transfection, DNA was isolated using the PureYield Midi Kit (Promega, Mannheim, Germany) according to the manufacturer's instructions.

Cell culture and transfection

HeLa cells were grown under humidified standard conditions (37°C, 5% CO2) in High Glucose Dulbecco's Modified Eagle Medium (Invitrogen, Karlsruhe, Germany) supplemented with 10% FBS (Biochrom AG, Berlin, Germany), 2 mM LGlutamaxI (Invitrogen), and 100 U/ml penicillin/100 µg/ml streptomycin (also Invitrogen). For transfection, FuGENE6 transfection reagent (Roche Biosciences, Mannheim, Germany) was used according to the manufacturer's instructions.

Immunocytochemistry and staining of subcellular compartments

For analysis of subcellular localization, HeLa cells were seeded onto cover slides. 24 h after seeding, cells were transfected and grown for further 24 h. Fixation was done by 3.7% formaldehyde in PBS, permeabilization with 0.1% Triton-X100 in PBS.

For staining of the endoplasmic reticulum (living cell staining), ER-Tracker (Invitrogen) was used. Alternatively, staining was conducted by co-transfection of rabbit N-FLAG-Sarcolipin [START_REF] Odermatt | Sarcolipin Regulates the Activity of SERCA1, the Fast-twitch[END_REF]. The FLAG tag was detected by a respective antibody (anti FLAG, rabbit, Sigma, Taufkirchen, Germany), and as a secondary antibody, Alexa Fluor 568 goat anti-rabbit IgG (Invitrogen) was used. For immunochemical detection of the myc-Tag, Myc-Tag (9B11) Mouse mAb (Cell Signaling, NEB, Frankfurt a.M., Germany) was used as primary antibody, the secondary antibody was Alexa Fluor 488 goat anti-mouse IgG (Invitrogen). Counterstaining of the nuclei was conducted with DAPI, and of f-actin by use of After fixation and staining, cover slides were mounted onto microscope slides using Vectashield (Vector Laboratories, Burlingame, CA, USA). Subcellular localization was analyzed by fluorescence microscopy on a Zeiss Axiophot (Carl Zeiss, Oberkochen,

Germany) microscope using a 40x oil immersion objective and the ISIS (MetaSystems, Altlussheim, Germany) software.

Results

Bioinformatic prediction of subcellular localization

For the prediction of subcellular localization, we used five publicly available servers (pSORTII, pTarget, SubLoc, TargetP, and LOCtree) employing different algorithms. As shown in Tables 1 and2, the predictions differ widely for the given proteins.

Experimental analysis of subcellular localization

Due to limited reliability of bioinformatic prediction methods, recombinant expression of the respective proteins and subsequent analysis by immunochemistry was indispensable. To avoid potential masking of the targeting signals we expressed the proteins from pEGFP-C2 and pAcGFP1-N1, resulting in N-or C-terminally GFP-tagged recombinant proteins.

Alternatively, for rat dhrs7b, a C-terminal myc-his tag was added by the use of pcDNA4 myc-His Version B and the resulting fusion protein detected by antibody staining of the myc-tag.

By fluorescent microscopy and counterstaining of several subcellular organelles, we were then able to precisely define the subcellular localization.

As shown in fig. 1 (panel 2), dhrs7b distribution in the cells co-localizes with rabbit sarcolipin. Rabbit sarcolipin is known to localize to the endoplasmic reticulum (Odermatt et , 1998). We therefore conclude that rat dhrs7b is localized in the endoplasmic reticulum. Fig. 2 shows the intracellular localization of rat dhrs8. By overlay with the ER tracker we can also show endoplasmic reticulum localization of this protein.

Problems caused by GFP overexpression in cell staining

After overexpression of GFP-tagged recombinant proteins, predominantly after expression from pAcGFP1-N1, we partially observed inconclusive results. This fact is illustrated in fig.

3. The protein under investigation (in this case mDhrs4, Keller et al., in preparation) shows cytosolic distribution. Image A (expression from pcDNA4, detection of the myc-tag) clearly confirms this observation. However, after expression from pAcGFP1-N1 a particulate distribution can only be supposed (images B to D). The blobs detected are inclusions formed.

They are often seen after expression from the pAcGFP1-N1 vector but not in other vectors.

Only in picture B, cytosolic distribution can be envisioned.

Discussion

On ten SDRs (for two proteins, experimental data are shown here -the other eight will be discussed elsewhere), predictions on the subcellular localization were conducted by use of the five different public servers pSORTII, pTarget, SubLoc, TargetP, and LOCtree. Although the aforementioned bioinformatical tools are only a small selection out of currently more than 20 publicly available servers (Schneider and Fechner, 2004), the provided and here shown results can be esteemed as well representative. On the other hand, our design of protein expression in eukaryotic cells while using alternating either N-or C-terminal tagging prevented targeting signal masking. Avoiding this interference provided us with several sound experimental observations on subcellular localisation.

Overall, the prediction of subcellular localization is not reliable. This was seen for more than one protein under investigation. For one examined enzyme, all predictions were different, in While TargetP, for instance, relies exclusively on the prediction of N-terminal sequences [START_REF] Emanuelsson | Predicting subcellular Localization of proteins based on their N-terminal amino acid sequence[END_REF], SubLoc judges the overall amino acid composition [START_REF] Hua | Support vector machine approach for protein subcellular localization prediction[END_REF]. Table 3 summarizes the correct and false predictions, evaluated on the basis of wet lab study results.

Looking at the findings in detail, no clear preference can be deduced for certain subcellular compartments to be accurately predicted. Experimental data shows that out of ten enzymes investigated, two are localized in the mitochondria. Both were properly predicted by pTarget, the latter also by SubLoc1.1. From two cytoplasmic proteins, one was incorrectly predicted by all servers. The other one, in contrast, was correctly foretold by the pSORTII, pTarget and LOCtree servers. For the proteins localized in the endoplasmic reticulum, this observation does not change.

Predictions on the subcellular localization can not considered to be reliable at least concerning the enzymes under investigation in this study. It is unlikely that non-SDR type enzymes use different localization signals from the SDRs under investigation here. If conducted at all, these predictions should therefore be handled with great care. From the servers used, pSORTII and pTarget showed the best performance -with 40% correct predictions. This rather poor performance is due to several facts (for a review, see Schneider and Fechner, 2004): there are unconventional and, in addition, most likely many yet unknown targeting signals. Furthermore, co-translational pathways for protein import into organelles have been described [START_REF] Crowley | Ribosome binding to mitochondria is regulated by GTP and the transit peptide[END_REF] but can so far not be recognized by the prediction algorithms. This fact is also true for proteins, reaching several cellular compartments due to specific protein interactions (backpacking). It additionally should be taken into consideration however that protein localization does not have to be static but can change. For example, A c c e p t e d M a n u s c r i p t 9 hWWOX (human WW domain containing oxidoreductase) has been shown to localize to mitochondria. Upon activation, it is translocated to the nucleus [START_REF] Chang | A potential role of p53 and WOX1 in mitochondrial apoptosis (review)[END_REF]. It is therefore possible that supposedly incorrect predictions are, in fact, alternative localizations under different circumstances.

However, the method of bioinformatic prediction, applied in this investigation, is commonly used and should provide greater reliability. We suggest introducing several secondary features to the prediction algorithms to improve their fidelity. They may include for mitochondrial proteins the analysis for existence of protease cleavage site for the hydrophobic mitochondrial leading peptide, and for endoplasmic reticulum the number of potential intramolecular disulphide bonds. Oppermann, U., Filling, C., Hult, M., Shafqat, N., Wu, X., Lindh, M., Shafqat, J., Nordling, E., Kallberg, Y., Persson, B., and Jornvall, H., 2003. Short-chain 
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  dhrs7b: IMAGp998M1012446Q3, dhrs8: IMAGp958L083175Q2). Dhrs7b was cloned into pEGFP-C2 (Becton&Dickinson, Karlsruhe, Germany) and pcDNA4 myc-his Version B (Invitrogen, Karlsruhe, Germany) in frame by use of EcoRI and BamHI restriction sites or EcoRI and SacII restriction sites, respectively (PCR primers. pEGFP-C2: forward 5'-TAT AGA ATT CAT GCT CAA GGA GAG GGC CAT GGA C-3', reverse 5'-TTA AGG ATC CTC AGG AGT TCT TGG ATT TTC GCT C-3'; pcDNA4 myc-his: forward 5'-TAT AGG ATC CAT GCT CAA GGA GAG GGC CAT GGA C-3', reverse 5'-TTA ACC GCG GGG AGT TCT TGG ATT TTC GCT CTT T-3'). Dhrs8 was cloned into pEGFP-C2 and pAcGFP1-N1 (both Becton&Dickinson, Karlsruhe, Germany) in frame by use of EcoRI and BamHI restriction sites (PCR primers forward (both vectors) 5'-TAT AGA ATT CAT GAA GTA CCT TCT TGA CCT GAT C-3', reverse (pEGFP-C2) 5'-TTA AGG ATC CTC ATT A c c e p t e d M a n u s c r i p t 5 TAT CTT TGT AGC CAA CAA C-3', reverse (pAcGFP1-N1) 5'-TTA AGA ATT CTT

  phalloidin (both Invitrogen) according to the manufacturer's protocol.

  least two servers agreed on the same localization. Concerning three proteins all predictions proved wrong, although all servers predicted the same localization. In summary, different servers tend to deliver different predictions, depending on the algorithms they use.

  Reticulum Ca2+-ATPase. J. Biol. Chem. 273 (20), 12360-12369.
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