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Abstract


The Rev protein is essential for the replication of lentiviruses. Rev is a shuttling protein that transports unspliced and partially spliced lentiviral RNAs from the nucleus to the cytoplasm. The lentiviral Rev proteins contain at least three central functional domains: a basic arginine- rich domain that mediates RNA binding (RBD) and contains the nuclear/nucleolar localization signals (NLS/NoLS), a multimerization domain and a leucine-rich domain that is necessary for the nuclear exportation of Rev. Recently, were reported the presence of novel types of NLS and NoLS in the Bovine immunodeficiency virus (BIV) Rev protein [186 amino acids (aa) in length] that we different from any lentiviral Rev or retroviral Rev-like proteins. Here we report on the RBD activity of BIV Rev. To indirectly map the RBD domain of BIV Rev, the plasmid pDM138-BIV which contains, between the Human immunodeficiency virus type 1 (HIV-1) donor and acceptor splicing sites, the chloramphenicol acetyltransferase (CAT) reporter gene, and the BIV Rev responsive element (RRE). By using previously described BIV Rev mutants, two regions in BIV Rev were identified to mediate RBD binding, indicating a bipartite RBD in BIV Rev. The first RBD motif was found to localize in the middle region of the protein overlapping with the NoLS and the second motif of the bipartite NLS, whereas the second RBD motif mapped in the C-terminal region of BIV Rev. We just concluded that BIV Rev binds the RRE through a bipartite RBD and that this RBD domain is composed of aa 87 to 107 , and aa 154 to 157.
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Introduction




 The Lentivirus life replication cycle involves the synthesis of viral RNAs. These RNAs are divided in three groups: fully spliced, partially spliced and unspliced mRNAs. As described in HIV-1, the fully spliced viral mRNAs encode regulatory proteins including Tat and Rev whereas the partially spliced viral mRNAs produce enzymatic and structural proteins. The unspliced RNAs are template for genomic viral RNAs that will be packaged for the production of progeny viruses [1,2]. The fully spliced viral mRNAs are exported from the nucleus to the cytoplasm of the infected cells through standard cellular machinery. In contrast, nuclear exportation of unspliced and partially spliced viral mRNAs is accomplished with the involvement of the HIV-1 Rev protein[1]. Rev forms a multimeric protein complex on the Rev responsive element (RRE), a secondary RNA structure that is present in unspliced and partially spliced viral mRNAs [3].


From studies reported in the Human immunodeficiency virus type 1 (HIV-1), the lentiviral Rev proteins contain at least three central functional domains: a basic arginine-rich domain that mediates RNA binding (RBD) and contains the nuclear/ nucleolar localization signals (NLS/NoLS), a multimerization domain and a leucine-rich domain that is necessary for the nuclear exportation of Rev. HIV-1 Rev contains a short stretch of 17 basic amino acids (aa), mainly arginine, that serves as nuclear/nucleolar localization signals and viral RNA binding domain (RBD) [4]. The Rev RBD binds the RRE mentioned above for viral mRNA nuclear export [5]. The C-terminal region of HIV-1 Rev contains a nuclear exportation signal (NES) which interacts with CRM1 for exportation of the protein-viral mRNA complexes to the cytoplasm [6].


The Bovine immunodeficiency virus (BIV) is a Lentivirus that infects cattle. Although most cattle remain asymptomatic, persistent lymphocytosis, neurological disorders associated with central nervous system lesions, weight loss, diminished milk production and opportunistic bacterial infections have been associated with BIV infection (reviewed in [7,8]. The BIV genome is structurally analogous to that of other lentiviruses and BIV Rev [186 amino acids (aa) in length] is predicted to be functionally similar to HIV-1 Rev [9]. Unlike HIV-1 Rev protein,the functional domains of BIV Rev have not been widely studied. Here, the RBD domain was localized and the aa residues that compose it were identified, indicating a bipartite RBD.


Results and Discussion


RBDs in proteins are generally composed of arginine- rich motifs (ARM) with a small number of other types of aa residues [10]. To map the residues in BIV Rev associated with RBD function, we used a series of previously described mutant proteins in which selected arginine (R) and lysines (K) in BIV Rev WT sequence were replaced by alanine (A) residues [11] (Table 1).


As the mutant proteins were used to map the NLS and NoLS of BIV Rev, we selected in this study only the mutants whose nuclear localization was not impaired [11]. As expected, all selected BIV Rev mutant proteins predominantly enter in the nucleus (Figure 1A). The Rev activity of these mutants was then determined using a CAT reporter assay dependent of the BIV RRE sequence, thereby evaluating both the RNA binding and export capacities of Rev [11]. Among all BIV Rev mutants tested (Figure 1B) Mut 5 and Mut 21 mutants had no activity at all, a finding already reported by us for Mut 5 [11]. Mut proteins 7, 8, 11, 13 and 14 showed a Rev activity which was at least 50% of that of BIV Rev WT. All other mutants tested had an activity comparable to that of BIV Rev WT. Taken together, the regions encompassing aa 87R to 107R (deleted in Mut 5, 8, 9, 11) and 154K to 157R (deleted in Mut 21) are involved in RBD activity of Rev, indicating the presence of a bipartite RBD for BIV Rev.


Viral proteins such as HIV-1 Rev and Tat, HTLV-1 Rex and BIV Tat are typical examples of proteins harboring an ARM that acts as a RBD [10]. In these and in other Rev and Rev-like proteins, RBD is closely associated to the NLS/NoLS [12-14]. These overlapping functions prevent Rev bound to RRE from undesirable return to the nucleus. When Rev binds the RRE, the NLS becomes masked while the NES remains accessible. Here, experiments were conducted to map the RBD of BIV Rev by using a series of mutants harboring alanine scan mutations and an intact NES (Table 1) [11]. All mutant proteins mainly localized to the nucleus (Figure 1A), a prerequisite in our experiment to ensure that the proteins were able to enter into the nucleus for RNA binding. The mutant constructs were then co-transected in cells and analyzed by using in a CAT gene reporter assay that relied on the presence of BIV RRE localized upstream of the CAT-encoding gene [11]. Thus, Rev binding to RNA (RRE) in the nucleus would result in the cytoplasmic transport of the CAT transcript, and, thereof, in CAT expression indicating a Rev activity. By using this assay, two stretches of basic residues localized in the middle and C-terminal regions of BIV Rev were found to mediate RNA binding. In one hand, Mut5 and Mut 21 proteins had no Rev activity at all (Figure 1B). Interestingly, the mutated residue within the Mut 5 protein was part of the BIV Rev NoLS. Mut 7 and Mut 8 proteins (the mutated residues of which were part of the BIV Rev NLS) as well as the Mut 11protein (the mutated residues of which were part of neither BIV Rev NoLS nor NLS) showed a diminished Rev activity. All mutated arginine in the Mut 5, 7, 8 and 11 proteins are localized in the middle region of BIV Rev (87RELVEQNRRKQERRLSGLDRR107). We also found that the integrity of three basic residues localized in the C-terminal region of BIV Rev was necessary for Rev activity. This was shown by the data obtained with the Mut 13 and Mut 14 single mutant proteins that showed a diminished Rev activity (Figure 1B).
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Figure 1:    Mapping of the RBD of BIV Rev. (A) Intracellular localization EGFP BIV Rev mutant proteins showed in (Table 1). HEK 293T cells were transected with the indicated pEGFP-BIV Rev mutant constructs. After 24 h of incubation, the cells were fixed, counterstained with DAPI (in blue) and examined by fluorescence microscopy. The merge image represents the superposition of EGFP and DAPI images. The
images shown are representative of the expression pattern (three independent experiments) observed in >70% of cells.
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Figure 1:     Mapping of the RBD of BIV Rev. (B) The nuclear export activity of EGFP-Rev BIV and EGFP-Rev BIV mutants described in A. The nuclear export activity of EGFP-Rev BIV fusion proteins was determined using a CAT reporter assay. 50μg of cell lysate was used in the CAT assay. The CAT levels were normalized to the β-galactosidase activity. The results represent mean values of triplicate samples of at least three separate experiments. Rev activity is expressed as the mean ratio of EGFP-Rev BIV (Rev WT) or mutant CAT expression versus basal expression of pRRE-BIV alone. Vertical bars indicate the standard error about the mean. *: value significantly different (p< 0.05), **: value significantly different (p < 0.005) and ***: value significantly different (p < 0.0005), from EGFP-Rev BIV using a two-tailed t-test.


 






Table 1:   Listing of Biv Rev RBD mutant proteinsa
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aThe indicated arginine (R) and lysine (K) residues in the BIV Rev sequence were changed to alanine (A) residues, and the numbers indicate the position of residues [11]. 


 
These results were confirmed with the use of Mut 21 protein where mutations of 154K-KR157 residues into 154A-AA157 significantly affected the Rev activity. Combined together, these results show that BIV Rev harbors two regions necessary for RNA binding, thereby indicating a bipartite RBD. These finding contrasts with the monopartite nature of the RBD present in HIV- 1 Rev [1,10] but are in agreement with the bipartite RBD present in EIAV Rev [15]. Thus, BIV and EIAV Rev would be the only Rev or Rev-like proteins in retroviruses harboring a bipartite RBD. However, in vitro protein-RNA (RRE) interaction experiments are needed to unequivocally confirm the BIV rev results.


The EIAV Rev RBD is composed of two shorts ARMs. The first ARM is localized in the central region of the protein whereas the second ARM overlaps the NLS sequence in the C-terminal region of the protein [15]. Although the BIV Rev RBD motifs also localize in the central and C-terminal regions of the protein, the aa sequences that compose these motifs differ from those of EIAV Rev RBD. In BIV, the five arginine residues that compose the first ARM are scattered within a 21 aa-long sequence (87RELVEQNRRKQERRLSGLDRR107) overlapping the BIV Rev NoLS/NLS for the first three residues [11]. This motif contrasts with the short RRDRW sequence that composes the first ARM motif of the EIAV Rev RBD [15]. The second motif of BIV Rev RBD is composed of two lysines and one arginine (154KLKR157), and thus does not represent an ARM per se but rather should be only defined as a motif rich in basic residues. This aa composition contrasts with that of the second ARM of the EIAV Rev RBD that is a truly arginine-rich motif (KRRRK) [15].


In summary, we have characterized the RBD domain of BIV Rev that differs from those of HIV-1 and/or EIAV Rev. These results combined with those of our previously published work [11,16] where novel types of NLS and NoLS were found, show that BIV Rev is an atypical protein among Rev or Rev-like proteins in retroviruses.
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