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Studies on Methanocaldococcus jannaschii RNase P reveal insights into the roles of RNA and protein cofactors in RNase P catalysis 
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Materials and Methods

Cloning the sequences encoding various RPRs or ptRNA-RPR conjugates. All the sequences were placed under the control of a T7 RNA polymerase promoter in pBT7 (1). The clones were confirmed by automated DNA sequencing at the OSU Plant-Microbe Genomics Facility.
Afu and Mja RPRs: The sequences encoding Afu and Mja RPRs were cloned by PCR with the respective genomic DNAs as templates and gene-specific primers (AFURPR-F + AFURPR-R; MJARPR-F + MJARPR-R; Table 1). The PCR products were then digested with restriction enzymes whose recognition sites were included in the reverse primers (HindIII for Afu RPR and BamHI for Mja RPR) and inserted into pBT7 downstream of the T7 promoter between the StuI (which generates a blunt end) and either HindIII or BamHI sites. The resulting plasmids were named pBT7-Afu RPR and pBT7-Mja RPR, respectively. Afu and Mja RPRs were generated by run-off transcription using T7 RNA polymerase and plasmid templates (linearized with HindIII for Afu RPR and BsmAI for Mja RPR). 

Afu genomic DNA was a kind gift from Dr. F. Robert Tabita, Department of Microbiology, Ohio State University, Columbus, OH. Mja genomic DNA was generously provided by Dr. Biswarup Mukhopadhyay, Virginia Bioinformatics Institute, Blacksburg, VA.
EcoS-MjaC RPR chimera: The sequence coding for the S domain of Eco RPR (nt 78-241) fused with the C domain of Mja RPR (nt 1-66 + 191-265) was obtained using overlap-extension PCR. The S domain of Eco RPR was amplified by PCR using pJA2' (2) as the template and MJCECS-F + MJCECS-R as primers. The 5' and 3' halves of the C domain of Mja RPR were amplified by PCR separately using MJARPR-F + ECSMJC-R and ECSMJC-F + MJARPR-R, respectively, as the primers and pBT7-Mja RPR as the template. All three PCR products were mixed, denatured, annealed and extended with dNTPs and Taq DNA polymerase in a thermal cycler. The extended product was used as a template for the next round of PCR with the primers MJARPR-F + MJARPR-R, and the product digested with BamHI and ligated to pBT7 digested with BamHI and StuI. The resulting plasmid, named pBT7-EcoSMjaC RPR, was linearized with BsmAI to yield the template for in vitro transcription to generate the EcoS-MjaC RPR.

ptRNATyr-Sx-M RPR conjugates (Sx = spacer of x nts): E. coli ptRNATyr was conjugated with a 10-nt spacer to L15 of Mja RPR by overlap-extension PCR to generate ptTyr-S10-M RPR. First, fragments encoding the E. coli ptRNATyr, 5' and 3' portions of Mja RPRs were obtained separately by PCR using as primers MJATYR-F1 + MJATYR-R1, MJATYR-F2 + MJATYR-R2, and MJATYR-F3 + MJATYR-R3, respectively (Table 1); pUC19-ptRNATyr (2) and pBT7-Mja RPR served as the respective templates. Next, all three PCR products were combined and extended as described above. Finally, the extended product was used as template in another round of PCR with MJATYR-F1 and MJATYR-R3 as the primers. The final PCR product was digested with BamHI and ligated to pBT7 digested with StuI and BamHI. The resulting plasmid was named pBT7-ptTyr-S10-M RPR. 


To alter the spacer length, pBT7-ptTyr-S10-M RPR was used as the template for a PCR-based deletion mutagenesis. All primers were phosphorylated at their 5' end with T4 polynucleotide kinase. In all cases, MJAPTYRSP-F was used as the forward primer along with a varying reverse primer, MJAPTYRXSP-R where X is the length of the desired spacer. For example, MJAPTYRSP-F and MJAPTYR0SP-R were used to obtain ptTyr-S0-M RPR, a conjugate with no spacer. The resulting PCR products were re-circularized by ligation and then transformed into E. coli DH5a.

ptTyr-S3-(S M RPR: The plasmid pBT7-Mja (S RPR was constructed first by using the PCR-based deletion mutagenesis described above with pBT7-Mja RPR as the template and MJAD67-192-F and MJAD67-192-R as primers. It was then used as template to generate pBT7-ptTyr-S3- Mja (S RPR by overlap-extension PCR (as described above) using the primers MJATYR-F1 + MJATYR-R1, MJATYR-F2 + MJATYR-R2, and MJATYR-F3 + MJATYR-R3. 

Labeling of RNAs. The ptRNATyr-Mja RPR cis conjugates were obtained by in vitro transcription of appropriate DNA templates, 5' labeled with [(-32P]-ATP and T4 polynucleotide kinase, and gel purified.
Cloning, overexpression, and purification of the four Mja RPPs (Table 2). All these steps will be described elsewhere. 
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FIGURE LEGENDS

Figure 1. Sequence and structures of the EcoS-MjaC hybrid RPR (A), ptTyr-S3 or 5-M RPR conjugates (B), and ptTyr-S3-DS M RPR (C) used in this study. The Eco S domain is shown in blue. Nucleotides that are not part of the native Mja RPR or ptRNA are shown in lowercase.
Figure 2. Model depicting the differences in global stabilization of the tertiary structure of the RPR in bacterial and archaeal RNase P. (A) RNA-RNA interactions stabilize the tertiary structure in bacterial RPR and facilitate RPR-alone catalysis. A single RPP that interacts with the C domain enhances the RPR’s catalytic potential. (B) Lack of inter-domain structural braces in archaeal RPR necessitates a protein-based stabilization (presumably by RPP21-RPP29) in archaeal RNase P. POP5-RPP30 enhances RPR-mediated catalysis similar to the role played by the sole bacterial RPP.

Table 1. Oligonucleotides used in this study for cloning 

various archaeal RPRs and their derivatives

	AFURPR-F
	5'-TGGGAGCGGCGGTGGGCGGC-3'

	AFURPR-R
	5'-GGAAGCTTTGGGAGTGGCGGTAGTAAGCCCC-3'

	MJARPR-F
	5'-GGCGGGTAAGGGGGCTGG TGACTTTCC-3'

	MJARPR-R
	5'-GGGGGATCCGTCTCGGCGGGTATGGGGGC-3'

	MJATYR-F1
	5'-GAGCAGGCCAGTAAAAAGCATTACCC-3'

	MJATYR-R1
	5'-GCGCCGTACCCTCTCTGGTGGTGGGGGAAGGATTC-3'

	MJATYR-F2
	5'-CACCACCAGAGAGGGTACGGCGCTTAGCCGAATG-3' 

	MJATYR-R2
	5'-GGGAATTCGGGTATGGGGGCTATAGCC-3'

	MJATYR-F3
	5'-GGGAATTCGGGGTAAGGGGGCTGG-3'

	MJATYR-R3
	5'-GGGGATCCGTCTCGCTATTTCGGCTTGCACCC-3'

	MJAPTYRSP-F
	5'-CGGCGCTTAGCCGAATGTC-3'

	MJAPTYR0SP-R
	5'- GGTGGGGGAAGGATTCGAACC-3'

	MJAPTYR3SP-R
	5'-ATAGGTGGGGGAAGGATTCGAACC-3'

	MJAPTYR4SP-R
	5'-TATAGGTGGG GGAAGGATTCGAACC-3'

	MJAPTYR5SP-R
	5'-ATATAGGTGGGGGAAGGATTCGAACC-3'

	MJAD67-192-F
	5'-GGGTGCAAGCCGGTTTC-3'

	MJAD67-192-R
	5'- ATAAATGGGGTGGGCGGAAC 3'

	MJCECS-F
	5'-CCCATTTAGGGTGCCAGGTAACGCCTGGGGGGGAAAC-3'

	MJCECS-R
	5'-CTTGCACCCGGGTGGAGTTTACCGTGCCACCG-3' 

	ECSMJC-F
	5'-CTCCACCCGGGTGCAAGCCGGTTTCGGCGCTTAGC-3'

	ECSMJC-R
	5'-GTTACCTGGCACCCTAAATGGGGTGGGCGGAACTTCCTC-3'


The italicized and underlined sequences indicate the restriction sites introduced for cloning and linearization of template (for in vitro transcription), respectively. Oligonucleotides were purchased from Bioneer, Integrated DNA Technologies, or Sigma Genosys.

Table 2. Characteristics of the four Mja RPPs
	Name of RPP
	Gene ID
	Predicted mass, Da
	Isoelectric point (pI)

	POP5
	MJA0494
	15,941
	10.0

	RPP21
	MJA0962
	15,567
	10.6

	RPP29
	MJA0464
	10,888
	9.7

	RPP30
	MJA1139
	27,345
	9.1
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