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Supplementary Material 
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Table S1.  Comparison of the active site cavity in characterized RNase J enzymes. 

PDB ID Organism Protein Ligand Res (Å) Cavity Volume 

(Å
3
) 

3ZQ4 

(3) 

Bacillus 

subtilis 

RNase J1 Zn
2+,

, Ca
2+

 3.0 2649.2 

5A0T 

(4) 

Streptomyces 

coelicolor 

RNase J PEG, Zn
2+

  2.28 2326.9 

3T3N 

(5) 

    Thermus 

thermophilus 

RNase J RNA, Zn
2+

 3.09 1826.4 

3T3O 

(5) 

RNase J RNA, Gly, 

Zn
2+

 
2.5 1944.8 

3BK1 

(6) 

RNase J SO
4
, Gly, 

Zn
2+

 
2.33 1446.2 

3BK2 

(6) 

RNase J UMP, SO
4
,  

Gly, Zn
2+

 
2.1 1393.4 

4XWT 

(7) 
 

Deinococcus 

radiodurans 

 

RNase J  UMP, Gly, 

Zn
2+

, Mn
2+

 
2.0 1934.4 

4XWW 

(7) 

RNase J  RNA, Gly, 

Zn
2+

, Mn
2+

 
1.7 2013.0 

5HAA 

(8) Methanolobus 

psychrophilus 

RNase J SO
4
, Zn

2+
 2.9 2148.8 

5HAB 

(8) 

RNase J SO
4
, (RNA) 

2.3 2452.6 

 
Staphylococcus 

epidermidis 

RNase J2 Mn
2+

 2.7 2096.0 

 RNase J1 Mn
2+

 3.2 3108.6 

 

 Table S2. List of expression constructs 

 Tag  Construct  Vector Primers (5' to 3') 

1 C-His6 rnj1 pET 22b Fw Pr: 

ATATATGCTAGCATGAAACAACTACATT

CAAATGAAGTAGGT GTATA 

Rv Pr: 

ATATATCTCGAGTTACTTATCTTCATTTA

CTTTCATTATCACAGGTAAAA 

2 N-His6 rnj1 pET 

Duet-

1/MCSI 

Fw Pr: 

ATATATGGATCCGATGAAACAACTACAT

TCAAATGAAGTAGGTGTATA 

Rv Pr: 
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ATATATAAGCTTTTAAATATCACCTATA

CCACTGCCATCAAC 

3 N-His6 rnj1ΔCTD pET 

Duet-

1/MCSI 

Fw Pr: 

ATATATGGATCCGATGAAACAACTACAT

TCAAATGAAGTAGGTGTATA 

Rv Pr: 

ATATATAAGCTTTTAAATATCACCTATA

CCACTGCCATCAAC 

4 N-His6 rnj2 pET 

Duet-

1/MCSI 

Fw Pr: 

ATATATGGATCCGATGAGTTTAATAAAG

AAAAAAAATAAAGATATTCGTATT 

Rv Pr: 

ATATATAAGCTTTTAGATCTCCGATATG

ACTGGAATAATCAT 

5 None rnj1 pET 

Duet-

1/MCS2 

Fw Pr: 

GGCCAATTGATGAAACAACTACATTCAA

ATG 

Rv Pr: 

GCCTCGAGTTACTTATCTTCATTTACTTT

CATTATCAC 

 

Table S3. Primers for site directed mutagenesis 

 

Mutant Vector Primers (5' to 3') 
RNase J1 

D78A 

pET 

Duet-

1/MCS

I 

Fw Pr: 

ATTACTCATGGACACGAAGCCCATATAGGTGGTGTG 

Rv Pr: CACACCACCTATATGGGC TTCGTGTCCATGAGTAAT 

RNase J1 

H79A 

pET 

Duet-

1/MCS

I 

Fw Pr: ATTACTCATGGACACGAA GAC GCT 

ATAGGTGGTGTGCCCTTC 

Rv Pr: GAAGGGCACACCACCTAT AGC GTC 

TTCGTGTCCATGAGTAAT 

RNase J1 

D78A|H79A 

pET 

Duet-

1/MCS

I 

Fw Pr: 

ATTACTCATGGACACGAAGCCGCTATAGGTGGTGTGCCCT

TC 

Rv Pr: 

GAAGGGCACACCACCTATAGCGGCTTCGTGTCCATGAGTA

AT 

RNase J1 

H364A 

pET 

Duet-

1/MCS

I 

Fw Pr  AGTAAAATTTCAAACATTGCCACTTCTGGACACGGT 

Rv Pr: ACCGTGTCCAGAAGT GGC 

AATGTTTGAAATTTTACT 

RNase J1 

S366A 

pET 

Duet-

1/MCS

I 

Fw Pr: AACATTCACACT GCT GGACACGGTTCTCAA 

Rv Pr: TTGAGAACCGTGTCC AGC AGTGTGAATGTT 

RNase J1 

H368A 

pET 

Duet-

1/MCS

Fw Pr ATTCACACTTCTGGA GCC GGTTCTCAAGGTGAT 

Rv Pr: ATCACCTTGAGAACC GGC TCCAGAAGTGTGAAT 



3 
 

I 
RNase J2 

H80A 

pET 

Duet-

1/MCS

I 

Fw Pr: ACACACGGTCATGAA GCT GCTATAGGCGCAGTA 

Rv Pr: TACTGCGCCTATAGC AGC TTCATGACCGTGTGT 

RNase J2 

E166A 

pET 

Duet-

1/MCS

I 

Fw Pr: GGTTCTATAGTTTATACTGGA GCG TTTAAGTTTGATCAA 

Rv Pr: TTGATCAAACTTAAA CGC TCCAGTATAAACTATAGAACC 

RNase J2 

H80A|E166

A 

pET 

Duet-

1/MCS

I 

The H80A background was used to make H80A and E166A double 
mutant 

RNase J2 

S368A 

pET 

Duet-

1/MCS

I 

Fw Pr: AAGAAAATTCATGCGGCAAGTCATGGTTGTATGGAAGAA 

Rv Pr: TTCTTCCATACAACC ATG ACT TGC CGCATGAATTTTCTT 

RNase J2 

S369A 

pET 

Duet-

1/MCS

I 

Fw Pr: AAGAAAATTCATGCG TCA GCT CAT GGTTGTATGGAAGAA 

Rv Pr: TTCTTCCATACAACC ATG AGC TGA CGCATGAATTTTCTT 

RNase J2 

H370A 

pET 

Duet-

1/MCS

I 

Fw Pr: AAGAAAATTCATGCG TCA AGT GCT GGTTGTATGGAAGAA 

Rv Pr: TTCTTCCATACAACC AGC ACT TGA CGCATGAATTTTCTT 

 

Table S4. Primers for qRT-PCR 

 

S. N. Organism gene Primers (5' to 3') 

1 Staphylococcus 

epidermidis 

 

rnj1 Fw Pr:  GATATATCAAAGCGCCACCAG 

Rv Pr:  GATAATGCAGCCATA GGTTCAC 

2 rnj2 Fw Pr:  CATGCTATAGGCGCAGT 

Rv Pr:  GGGCCTTCATTGCTTCT 

3 Staphylococcus 

aureus 

 

rnj1 Fw Pr:  GCACCACCTGAAACATTTAT 

Rv Pr:  TACCTGGGATAGGTGATGAA 

4 rnj2 Fw Pr:  GCGCAACATAAGCATAAAAT 

Rv Pr:  TTTAATTCTTCCATGCAACC 

5 16s rRNA Fw Pr:  TGTCGTGAGATGTTGGG 

Rv Pr:  CGATTCCAGCTTCATGT 
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Figures 
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Figure S1.  Size exclusion Chromatography-Multi-Angle Light Scattering (SEC-MALS) 

of RNase J1 and RNase J2.  

Size exclusion chromatography (SEC) on freshly purified enzyme samples was performed 

using a Superdex 200 column (GE Healthcare).  This experiment was performed on a 

miniDAWN instrument (Wyatt Technologies, Inc).    

Legends: Mn (Number average molecular weight): Mn is the statistical average molecular 

weight of all the polymer chains in a sample. Mn =  
∑ 𝑁𝑖 𝑀𝑖

∑ 𝑁𝑖
     where Mi = Molecular weight of a 

subunit (polymer) and Ni = Number of chains of that subunit (polymer) 

Mw (Weight average molecular weight): Mw considers the molecular weight of a chain in 

determining contributions to the molecular weight average.  Mw =  
∑ 𝑁𝑖 𝑀𝑖

2

∑ 𝑁𝑖 𝑀𝑖 
            

Mz (Z-average molecular weight): Mz is measured in sedimentation equilibrium 

experiments. Z stands for centrifugation. It is also known as higher average molecular weight.  

Mw =  
∑ 𝑁𝑖 𝑀𝑖

𝑛+1

∑ 𝑁𝑖 𝑀𝑖
𝑛            (where n=2) 

MP (Molecular weight of highest peak): Mp is used for narrowly distributed (monodisperse) 

proteins such as standards used in calibration of a column. 

MV (Velocity average molar mass): Used for gaseous states and invokes kinetic energy to 

determine molecular weight.   

Polydispersity index: Used as a measure of broadness of a molecular weight distribution of a 

polymer (represented by Mw/Mn). For a monodisperse polymer, Mw/Mn should be equal to 

1.0.  
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MALDI-MS based peptide mapping of co-purified RNase J1 and RNase J2 

Protein Name Fragment         m/z (Obs.) MH+ (Calc.) Peptide sequence 

 116-129 1573.5 1573.6 TAKLNEINEDSVIK 

 252-257 693.3 693.3 IVTFGR 

RNase J1 380-394 1876.7 1876.7 IIKPKYFLPIHGEYR 

 490-505 2034.7 2034.8 GFVYMRESGQLIYDAQR 

 490-507 2162.8 2162.9 GFVYMRESGQLIYDAQRKI 

 116-133 2034.8 2034.7 DKKVRYYTVNNDSIMRFK 

 169-182 1627.6 1627.7 FDQSLHGHYAPDEK 

 241-243 1496.7 1496.7 IQQVLNIASKLNR 

 255-260 678.3 678.3 VSFLGR 

RNase J2 255-270 1783.7 1783.7 VSFLGRSLESSFNIAR 

 261-270 1123.4 1123.5 SLESSFNIAR 

 261-271 1251.5 1251.6 SLESSFNIARK 

 272-279 970.4 970.4 MGYFDIPK 

 437-456 2208.8 2208.8 VNSGNILIDGIGIGDVGNIV 

 498-504 862.3 862.4 ESEDLLR 

 522-538 2162.8 2162.9 RIEWSEIKQNMRDQISK 

 534-557 2814.1 2814.1 DQISKLLFESTKRPMIIPVISEI 
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Figure S2.  A. Schematic of the vector map of the construct co-expressing rnj1 and rnj2 in 

the pETDuet 1 vector (Novagen, Inc). B. The co-expressed proteins were co-purified by 

immobilized metal affinity chromatography.  RNase J2 has a poly-histidine tag at the N-

terminus.  In this protein preparation, the lysis buffer contained 50mM Tris HCl (pH 

8.0),150mM NaCl, 2mM β-ME and 10% glycerol.  The protein bound to the Ni-NTA affinity 

resin was eluted by a gradient of imidazole (5-250mM).  Lane 1, 9 is the molecular weight 

marker; Lane 2: Flow through; Lanes 3, 4: protein in the wash fractions (two column volumes 

of the lysis buffer containing 5mM Imidazole); Lanes 5-8 protein fractions that were eluted 

with increasing concentration of imidazole. C. The eluted protein was digested with 20µg/ml 

trypsin (Sigma-Aldrich, Inc) and the fragments were analyzed by MALDI-TOF mass 

spectrometry (Bruker Daltonics, Inc).  While fragments corresponding to both RNase J1 

(blue) and RNase J2 (brown) could be identified, the lower concentration of RNase J1 in the 

eluted fraction precluded further use of this protein preparation for biophysical studies.  The 

bar graph (inset) provides a graphic representation of the relative levels of the two paralogues 

in the co-purified protein preparation.  The peptides that could be unambiguously mapped on 

to the sequence of S. epidermidis RNase J1 and RNase J2 are listed.  The stoichiometric 

excess of RNase J2 in this sample suggests that RNase J2 can exist as a monomer on its own. 

 

 



8 
 

 
Figure S3. Domain architecture and topology of A. RNase J1 and B. RNase J2.  The 

topology diagram was prepared using the PDBsum-web server (2). 
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Figure S4. Representation of the active site pocket in RNase J1, RNase J2 and characterized 

RNase J homologues. A. Superposition of RNase J2 (blue) with RNase J1 (grey), 3ZQ4 

(pink), 5A0T (green), 3T3N (brown), 4XWT (tan) and 5HAB (magenta).  The Cα average 

root mean square deviation is ca 1.1.  B. The active site cavity (red mesh in each structure) 
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was generated using HOLLOW (3).  Cavity volumes are compiled in Supplementary Table 

S1.   

 

 
 

Figure S5. 5’ end sensing is mediated by a loop that connects the β-CASP to the β-lactamase 

domain. A. Superimposed structures of RNase J2 (cyan) with RNase J1 (grey) and five 

different PDBs: 3ZQ4 (pink), 5A0T (green), 3T3N (brown), 4XWT (tan) and 5HAB 

(magenta). B. Sequence alignment of RNase J2/ RNase J1 with S. coelicolor RNase J (5A0T) 

shows that residues that interact with 5’ monophosphate are mostly conserved.  In this 

sequence alignment, green triangles depict conserved residues whereas blue triangles 

highlight substitutions in RNase J2.  C. The monophosphate sensing region in S. coelicolor 

RNase J. D. Residues involved in 5’ monophosphate recognition in RNase J1. E. Residues 

involved in 5’ monophosphate recognition in S. epidermidis RNase J2. The sequence 

alignment was performed in ESPript 3.0 (4) while the structural representations were made 

using UCSF Chimera (5). 

 

 



11 
 

 
 

Figure S6. A. Superposition of active site of RNase J1 (grey) with five RNase J homologues. 

The relevant residues from RNase J1 are noted below the structural superposition. B. 

Superposition of active site of RNase J2 (grey) with five RNase J homologues. Residues at 

the active site of RNase J2 are noted. C. Sequence alignment of RNase J2 with RNase J1 and 

other homologs.  In this alignment, green dots represent conserved residues while blue dots 

show substitutions in RNase J2.  This sequence alignment was prepared using ESPript 3.0 (4) 

and the molecular representations were made using UCSF Chimera (5) 
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Figure S7.  Anomalous difference Fourier electron density maps show the bound metal 

ion (Mn2+) at the active site of RNase J1 and RNase J2.  A and B. In the case of RNase J1, 

the data was collected at a synchrotron source.  C-F. The diffraction data for this crystal was 

collected at a home source (Rigaku FRE X-Ray generator and Raxis IV detector) at 1.54 Å.  

There are four molecules of RNase J2 in the asymmetric unit of the crystal.  Snapshots of the 

electron density maps are shown for all four active sites.   
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Figure S8.  The Staphylococcal RNase J paralogues show DNase activity 

A comparison between the DNase and RNase activity of RNase J1 and RNase J2.  The 

sequences of 27-mer RNA and 27-mer DNA substrates is shown.  The RNA substrate used in 

this experiment is identical to that used in the characterization of the S. aureus RNase J1 (1).  

A. Both RNase and DNase activity of RNase J1 prefer Mn2+ as a metal co-factor.  We note 

trace endo-nuclease activity on the RNA substrate and poor exonuclease activity on the DNA 

substrate in the presence of Ca2+.  B. In the case of RNase J2, while the RNase activity is 

relatively higher in the presence of Ca2+ (when compared to Mn2+), DNase activity is higher 

in the presence of Mn2+.  As stated in the manuscript, RNase J2 is a less active enzyme when 

compared to RNase J1.  The concentration of RNase J2 is thus higher in these assays (72µM) 

when compared to RNase J1 (600nM).   
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Figure S9. Influence of metal cofactors on the RNase activity of RNase J1 and RNase J2. 

A. Activity of RNase J1 in the presence of different metal ions.  The sequence of the 20-mer 

RNA substrate used in this assay is shown.  The first lane is the control (no enzyme) while 

the second is the reaction mixture with a chelator (EDTA).  The subsequent lanes show 

reactions performed in the presence of different metal ions.  Decrease in substrate 

concentration was highest in the presence of Mn2+.  Statistics from an unpaired t-test are 

noted (shown as mean ± s.e.m).  These are- *P < 0.05, **P < 0.01, ***P < 0.001, ****P < 

0.0001, NS: not significant. B. A control activity assay where Mn2+ is constant (1 mM; 

depicted by “+” on each lane) while the other metal ions are maintained at 2 mM 

concentration.  The quantification of the data from the 20 % Urea PAGE is shown in the 

adjacent panel.  Zn2+ inhibits catalytic activity of RNase J1.  Unpaired t-test with different 

competing metal ions in presence of Mn2+, data shown as mean ± s.e.m.  C. Activity assay of 

RNase J2 in the presence of different metal cofactors.  The first lane is the control (without 

enzyme) while the second is with the chelator, EDTA.  Subsequent lanes show reactions 

performed in the presence of different metal ions. D. A competition assay for comparison 

between different metal co-factors for RNase J2 activity.  While addition of Ca2+, Mg2+ and 

Mn2+ showed significant decrease in the intensity of the band corresponding to the substrate, 

Co2+ and Zn2+ does not seem to influence catalytic activity. E. A control activity assay where 

Ca2+ is constant (1 mM; shown by the “+” sign on the top of each lane) while the other metal 

ions are maintained at 2 mM concentration.  The data is shown as mean ± s.e.m.  
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Figure S10.  Inductively coupled plasma mass spectrometry (ICP-MS) analysis of 

protein samples. A. Freshly purified RNase J1 samples show the presence of bound Mn2+, 

Ca2+ and a trace Mg2+, Co2+ and Zn2+.  B. Freshly purified RNase J2 samples show the 

presence of bound Mn2+, Ca2+ and a trace Mg2+, Co2+ and Zn2+.  C. Replacement of metal 

ions for activity assays evaluated by ICP-MS.  Chelation of Mn2+ and subsequent 

replacement by Ca2+ in the case of RNase J1 (C) and RNase J2 (D).  This information was 

essential to evaluate enzyme samples used in activity assays and validate the experimental 

protocol for metal ion replacement prior to biochemical analysis.   
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Figure S11. Compilation of the clinical, genotypic and prophage signatures in the 

different Staphylococcal strains examined in this study.  The prophage signatures in the 

clinical isolates were predicted using the genome sequences (6,7,8).  The phage search tool 

(PHAST) was used for this sequence search (9).   
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