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Molecular cloning
AtPRORP1: AtPRORP1 cDNA (U67852; AT2G32230) was obtained from the Arabidopsis Biological Resource Center, The Ohio State University (OSU), and the ORF (open reading frame) without the first 76 amino acid residues was amplified by PCR using the FWD1 (5'-caccaccaccaccaccacgcttctccttctgaaaacttatcg-3') and REV1 (5'-gaggatcctcaaggtgttttggatc-3') primers; the sequences in italics denote the (His)6-coding sequence and the BamHI site in the FWD1 and REV1 primers, respectively. After purification, the PCR product was digested with BamHI and cloned into pET-33b, which had been digested with NcoI, filled in with Klenow, and digested with BamHI, to generate pET-33b-H-AtPRORP1. 
Since our initial biochemical characterization attempts with the (His)6-tagged AtPRORP1 variant revealed some pre-tRNA-binding artifacts, we sought to remove the tag post-affinity purification. Therefore, we introduced into our initial clone a tobacco etch virus (TEV) protease cleavage site (GluAsnLeuTyrPheGlnCys) immediately following the (His)6 tag. To this end, we used the initial pET-33b-H-AtPRORP1 clone as template and amplified two PCR products: the first beginning with the T7 promoter and ending with the sequence coding for GluAsnLeu in the TEV cleavage site [primers T7 FWD (5'-taatacgactcactataggg-3') and REV2 (5'-caggttttcgtggtggtggtggtggtgcatgg-3']; the second beginning with the sequence coding for TyrPheGlnCys in the TEV cleavage site and ending with the T7 terminator [primers FWD2 (5'- tacttccagtgcgcttctccttctgaaaac ttatcg-3') and T7 TERM (5'-gctagttattgctcagcgg-3']. These two amplicons were ligated using T4 DNA ligase, and re-amplified using T7 FWD and T7 TERM. The PCR product thus obtained was purified and digested with XbaI and EcoRI, and cloned into pET-33b that had been digested with XbaI and EcoRI. The final pET-33b-HT-AtPRORP1 clone encodes for a variant in which the native 76 residues are missing, and has the Met-His6-GluAsnLeuTyrPheGlnCys sequence at the N-terminus preceding native residue 77. Post-TEV cleavage, this recombinant PRORP1 (77-572) will have an additional N-terminal Cys and is referred to as AtPRORP1. 
The pET-33b-HT–AtPRORP1 plasmid was used as the PCR template for generating mutant derivatives of AtPRORP1.  Each mutant was generated using a pair of abutting forward and reverse primers: K101, 5'-agcattgctggcgcaaaagctagatatg-3' and 5'-tcaggagactgttgaatag-3'; K109A, 5'-tatgtgctctgcgaaaggtgatgtc-3' and 5'-tctagcttttgtttcagcaatg-3'; K439A, 5'-cgagtcgtgtaaatggaggtccag-3' and 5'-cgtgcaggatcacaagtggtaac-3'; K460A, 5'-agagaaatgggcgaacgctggtg-3' and 5'-agcaaggctctgtttttag-3' (bold italicized font denotes the point mutations that were introduced). Using AtPRORP1 K109A or K439A plasmids as the template for introducing a second mutation, the K101A/K109A, K101A/K439A and K109A/K439A double mutants were generated. In all instances, the primers were first phosphorylated using Optikinase (Affymetrix). The individual PCR amplicons corresponding to the entire plasmid were re-circularized using T4 DNA ligase before electroporation into Escherichia coli DH5 cells. To identify the positive clones, the transformants obtained were screened by DNA sequencing.
Pre-tRNACys: The mitochondrial At pre-tRNACys was amplified by PCR using At genomic DNA (Columbia ecotype) and gene-specific primers (5'-aaaagaggaagaaagaacaac-3' and 5'-gttatttctggtcatgaagg-3'). The blunt-ended PCR product was inserted into StuI-digested pBT7 (1) and confirmed by sequencing. This construct (pBT7-ptCys-5523) was designed to generate by in vitro transcription with T7 RNA polymerase pre-tRNACys with a 55-nt 5'-leader and a 23-nt 3'-trailer (Fig. S1), but it subsequently also served as the template for making other pre-tRNACys variants (see below).

Overexpression and purification of AtPRORP1 
We overexpressed AtPRORP1 essentially as described previously (2). After transformation of E. coli Rosetta (DE3) with pET-33b-HT-AtPRORP1, a single colony was used to inoculate 5 mL LB medium containing 35 g/mL kanamycin (Kan) and 35 g/mL chloramphenicol (Cam), and grown overnight at 37°C with shaking. This overnight culture was used to inoculate 500 mL of Terrific Broth supplemented with Kan and Cam (as above). The cells were grown at 30°C with shaking (225 rpm) until OD600 ~1.5 to 2.5, when the culture was shifted to 19°C for 1.5 h before induction with 0.5 mM isopropyl--D-thio-galactoside (IPTG). Subsequent to IPTG addition, the cells were grown at 19°C for 16 - 18 h and then harvested by centrifugation. The cell pellets were stored at -80oC until further use. 
For purification of AtPRORP1, we used immobilized metal affinity and ion-exchange chromatography. A cell pellet, obtained from a 250-mL overexpression culture, was thawed on ice, re-suspended and sonicated in 8 mL lysis buffer [90% buffer A, 50 mM Tris-HCl (pH 7.5), 150 mM NaCl, 10% (v/v) glycerol and 1 mM DTT; 10% buffer B, buffer A + 500 mM imidazole; one complete Mini protease inhibitor cocktail tablet (Roche); and DNase I (40 U, Roche)]. After centrifugation of the crude lysate (24,000 g, 35 min, 4°C), the supernatant was applied to a 1-mL HisTrap column (GE Healthcare) that had been equilibrated with 5 mL buffer W [90% buffer A + 10% buffer B, without DTT]. After a wash with 10 mL of buffer W, AtPRORP1 was eluted using an AKTA FPLC (GE Healthcare) with three successive elution steps: 7.5-mL gradient from 50 to 250 mM imidazole, 5-mL gradient from 250 to 500 mM imidazole, and 2.5 mL of 500 mM imidazole. AtPRORP1 typically eluted at ~300 mM imidazole. Using SDS-PAGE and Coomassie Blue staining, fractions containing predominantly AtPRORP1 were identified, pooled and dialyzed overnight at 4°C against buffer C [20 mM Tris-HCl (pH 7.5), 150 mM NaCl, 10% (v/v) glycerol and 1 mM DTT].  AtPRORP1 was then loaded on a 1-mL SP-Sepharose column (GE Healthcare) that had been equilibrated with buffer C. After washing with 5 mL of buffer C, AtPRORP1 was eluted using buffer D (buffer C + 850 mM NaCl). Elution entailed a 10-mL gradient from 150 mM to 1 M NaCl, and 2 mL of 1 M NaCl. AtPRORP1 typically eluted at 550 mM NaCl. Fractions containing AtPRORP1 were identified using SDS-PAGE and Coomassie Blue staining, and those exhibiting near homogeneity were pooled. 
The AtPRORP1 peak fractions were mixed with recombinant (His)6-TEV protease (generous gift of Prof. Mark Foster, OSU) at a 1:20 TEV:PRORP1 molar ratio, and dialyzed overnight at 4oC against 20 mM HEPES (pH 7.2), 300 mM NaCl, 1 mM DTT and 10% (v/v) glycerol. This reaction mixture was then bound to 0.1-ml cOmplete His-Tag Purification Resin (Roche) to remove any un-cleaved His6-AtPRORP1, the cleaved affinity tag, and His6-TEV protease. The flow-through, which was expected to contain AtPRORP1 lacking the affinity tag, was first checked by MALDI-TOF mass spectrometry to confirm TEV cleavage, and then dialyzed overnight at 4°C against 20 mM HEPES (pH 7.2), 1 mM DTT and 10% (v/v) glycerol. The concentration of AtPRORP1 was calculated using its extinction coefficient (83,880 M-1 cm-1) and Abs280 value, and the final preparation was stored in aliquots at -20°C for subsequent biochemical assays. (Note: The mutant derivatives of AtPRORP1 were overexpressed and purified following the same methods as those described above for the wild type.)
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Table S1
Protection levels of peptides containing biotinylated lysine(s) 
as determined by ESI MS/MS
	Location of peptide in the tertiary structure of AtPRORP1
	Peptide sequence
	Protection level

	Unstructured region-PPR1
	84SRKAKKKAIQQS/PEAL99
	10.6

	PPR1
	100LKQKLDM106 
	17.5

	PPR1
	107CSKKGDVL114
	4.8

	PPR2
	165KQMIVD170
	0.4

	PPR2/3
	171KVVP/NE176
	1.2

	PPR3
	186AVAKDDPEMAF196
	0.3

	PPR3
	198MVKQMKA204
	1.1

	PPR4
	219FGFCRKGDDADKA231
	1.1

	PPR5
	254KVSMDTKNADKVY266
	1.2

	PPR5
	258DTKNADKV265
	1.2

	PPR5
	258DTKNADKVYKTL269
	1.2

	PPR5
	264KVYKTL269
	1.2

	PPR5
	267KTLQRLRD274
	1.1

	PPR5/5.5
	275LVRQVSKS/T283
	1.9

	PPR5.5-Unstructured region
	291FKSEV/ATKTGVKK303
	0.9

	Unstructured region
	297TKTGVKK303
	1.1

	Unstructured region
	296ATKTGVKKWDVKK308
	1.2

	Unstructured region
	299TGVKKWDVKKIRD311
	1.3

	Unstructured region
	305DVKKIRD311
	1.2

	Central domain
	325WLGTGKW331
	1.1

	Central domain
	332NVKRTEM338
	1.2

	Central domain
	339DENGVCKCCKEKL351
	1.4

	NYN domain
	375REVKANF381
	1.2

	NYN domain
	422RCQQISPSKRLPL434
	0.9

	NYN domain
	438HKSRVNGGPAT448
	3.0

	NYN domain
	438HKSRVNGGPATYPKN452
	1.1

	NYN domain
	450PKNRALL456
	1.9

	NYN domain
	457EKWKNAGAL465
	1.5

	NYN domain
	459WKNAGAL465
	2.6

	NYN domain
	508FPRWKEKHQVR518
	0.7

	NYN domain-Central domain
	528KLNMPP/PYSIV538
	0.6

	Central domain
	567KRSKTP572
	1.9



Thirty two peptides containing biotinylated lysines could be reliably quantitated, affording ~90% coverage of the total lysines (39/43; see comment below). Protection levels were calculated as described in Materials and Methods. Peptides displaying protection levels >1.4 were selected for confirmation and accurate quantitation using MRM. Although the data reported above were obtained from a single trial using pre-tRNACys containing a 5-nt 5'-leader and 0-nt 3'-trailer, the overall trend was comparable to those observed in independent experiments with pre-tRNACys having either a 55-nt 5'-leader and 0-nt 3'-trailer or a 55-nt 5'-leader and 23-nt 3'-trailer (Fig. S1; data not shown).
	When pepsin was used to generate the peptides, we could detect all 43 lysines in AtPRORP1 and thus obtain 100% coverage. When NHSB-treated AtPRORP1 was subject to a pepsin digest, we detected 39/43 lysines (~90% coverage); since the four lysines, which we failed to detect in a biotinylated form, appear to be involved in salt bridges (PDB: 4G23), our MS profile detected all possible biotinylated lysines. On the other hand, when peptides from endoproteinase-GluC digest of AtPRORP1 and NHSB-treated AtPRORP1 were examined, we could detect only 30/43 lysines (~70% coverage) and 28/43 lysines (65% coverage), respectively.



Table S2
Binding constants determined for the interaction of 
AtPRORP1 or its mutant derivatives with pre-tRNACys

	AtPRORP1 variant
	KD, nM

	Wild type
	 250 ± 34

	K101A
	 859 ±159

	K109A
	 389 ± 35

	K439A
	 609 ± 70

	K460A
	 377 ± 23

	K101A/K109A
	1624 ±344

	K101A/K439A
	  888 ±127

	K109A/K439A
	 763 ± 92



KD values were determined from binding reactions performed with pre-tRNACys (5-nt 5'-leader and 23-nt 3'-trailer) at 25oC in the presence of 10 mM Ca2+. Each KD value listed is an average of at least three independent experiments; error represents standard deviation of the mean (see Materials and Methods for a description of the fluorescence polarization assay).


Table S3
Cleavage rates for processing of pre-tRNACys
by AtPRORP1 or its mutant derivatives 

	AtPRORP1 variant
	kobs, min-1

	Wild type
	1.2 ± 0.3

	K101A
	1.2 ± 0.4

	K109A
	1.3 ± 0.3

	K439A
	0.4 ± 0.1

	K460A
	1.3 ± 0.1

	K101A/K109A
	2.5 ± 0.1

	K101A/K439A
	0.5 ± 0.1

	K109A/K439A
	0.5 ± 0.1



The rates were determined from single-turnover cleavage reactions performed with pre-tRNACys (5-nt 5'-leader and 0-nt 3'-trailer) at 37oC in the presence of 10 mM Mg2+. Each kobs value listed is an average of at least three independent experiments; error represents standard deviation of the mean (see Materials and Methods for details on cleavage assays).


[image: Macintosh HD:Users:venkatgopalan:Dropbox:NAR 2016 THC:Figure S1.tif]

Figure S1. Arabidopsis mitochondrial pre-tRNACys variants used in this study. (A) Secondary structure of a pre-tRNACys that includes a discriminator base with a depiction of only the locations of the 5'-leader and 3'-trailer. (B) Sequences of different 5'-leaders and 3'-trailers.  
For the MALDI-ToF studies (Fig. S2), we used a pre-tRNACys with a 55-nt 5'-leader and 23-nt 3'-trailer; for the ESI experiments, we tested three substrates: 55-nt 5'-leader and 23-nt 3'-trailer, 55-nt 5'-leader and 0-nt 3'-trailer, and 5-nt 5'-leader and 0-nt 3'-trailer. Pre-tRNACys with a 5-nt 5'-leader and 0-nt 3'-trailer was used to obtain the data in Figure 2 and Table S1.
Because we did not want to position the 3'-fluor close to the cleavage site, the fluorescence polarization assays (unless specified) entailed use of the substrate with a 5-nt 5'-leader and 23-nt 3'-trailer (Figs. 5 and S5). Activity assays, however, tested cleavage of the substrate with a 5-nt 5'-leader and 0-nt 3'-trailer, which was used for ESI MS studies.
[image: Macintosh HD:Users:venkatgopalan:Dropbox:NAR 2016 THC:Figure S2.tif]

Figure S2.  Representative segments of MALDI-ToF spectra of a tryptic digests of AtPRORP1 alone (top), AtPRORP1 treated with NHSB (middle), and AtPRORP1–pre-tRNACys complex treated with NHSB (bottom). The peptide 432LPLVILHKSR441 containing a biotinylated K439 is present only in the absence of the pre-tRNA ligand (compare middle and bottom panels), with the lysine-lacking peptide 497DHLFQLLGNSFFPR510 serving as the reference standardization control (all three panels). Spectra were analyzed using Kompact Version 2.3.4 software (Kratos Analytical Ltd).  
The following method was used to obtain the above MS data. Briefly, 5 μM AtPRORP1 in the absence or presence of 30 μM pre-tRNACys (55-nt 5'-leader and 23-nt 3'-trailer) was incubated with 1 mM NHSB as described in Materials and Methods. The reaction mixture was subjected to denaturing SDS-PAGE [10% (w/v) polyacrylamide], and AtPRORP1 was visualized by Coomassie Blue staining. Bands corresponding to AtPRORP1 were excised, destained, cut into ~1 x 1 mm cubes, and destained using 50% (v/v) acetonitrile overnight at 22°C and with shaking (225 rpm). The gel pieces were then rinsed twice with water, dehydrated with 100% (v/v) acetonitrile, and dried using a SpeedVac. In-gel proteolysis was initiated by adding 4 μg trypsin (Promega) in 50 L 50 mM NH4HCO3, followed by incubation at 22°C overnight with shaking (225 rpm). The digested peptides were mixed with α-cyano-4-hydroxy-cinnamic acid, and analyzed using an Axima-CFR MALDI-TOF instrument (Shimadzu).


[image: Macintosh HD:Users:venkatgopalan:Dropbox:NAR 2016 THC:Figure S3.tif]

Figure S3. CD spectra of WT AtPRORP1 or the indicated mutant derivatives. Spectra were obtained using 0.1 mg/mL of the respective protein in 20 mM NaHPO4 (pH 7.2) at 22°C. The Jasco J-815 CD Spectropolarimeter was used to obtain these data; the individual plots represent the average of three scans obtained by scanning at 100 nm/min.


[image: Macintosh HD:Users:venkatgopalan:Dropbox:NAR 2016 THC:Chen et al 2016 Figure S4.tif]
[bookmark: _GoBack]Figure S4. Fidelity of cleavage of pre-tRNACys (5-nt 5'-leader and 0-nt 3'-trailer) by WT AtPRORP1 or its mutant derivatives, as assessed using a 25% (w/v) polyacrylamide/7 M urea gel. NC, negative control, reaction with no enzyme added; PC, positive control, cleavage by E. coli RNase P.
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Figure S5. Representative binding isotherms for interaction of WT AtPRORP1 or its mutant derivatives with 3'-fluorescein-labeled pre-tRNACys (5-nt 5'-leader and 23-nt 3'-trailer). Indicated amounts of AtPRORP1 or its mutant derivatives were mixed with 20 nM 3'-FTSC labeled pre-tRNACys in 20 mM HEPES (pH 7.2), 10 mM Ca(OAc)2, 100 mM NH4OAc, 4 mM DTT, and 5% (v/v) glycerol. After incubation in a 384-well plate (Corning Costar black round bottom) for at least 10 min at 22 - 25°C, fluorescence polarization values were obtained using M1000 PRO (Tecan). In all trials (at least three repeats for each mutant), the curve-fit errors for KD values did not exceed 23% and R2 >0.97.

[image: Macintosh HD:Users:venkatgopalan:Dropbox:NAR 2016 THC:Figure S6.tif]

Figure S6. Representative time courses of 5'-[32P]-labeled pre-tRNACys cleavage by AtPRORP1 or its mutant derivatives. Following a 10-min pre-incubation, refolded 5'-[32P]-labeled pre-tRNACys (<40 nM; 5-nt 5'-leader and 0-nt 3'-trailer) was incubated with 2 M AtPRORP1 or its mutant derivatives in 20 mM HEPES (pH 7.2), 10 mM Mg(OAc)2, 100 mM NH4OAc, 4 mM DTT, and 5% (v/v) glycerol. At defined time points, 5-L aliquots (from a total assay volume of 50 L were withdrawn and quenched using 10 L stop solution [7 M urea, 20% (v/v) phenol, 0.2% (w/v) SDS, 10 mM EDTA, 0.05% (w/v) bromophenol blue and 0.05% (w/v) xylene cyanol]. Reaction contents were separated using denaturing PAGE [8% (w/v) polyacrylamide, 7 M urea], and visualized using the Typhoon Phosphorimager (GE Healthcare). See Materials and Methods for details on data analysis. In all trials (at least three repeats for each mutant), the curve-fit errors for kobs did not exceed 17% and R2 >0.97.
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