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Abstract
Mao, G. 2018. Investigation of RNase P active site residues and catalytic domain interaction.
Digital Comprehensive Summaries of Uppsala Dissertations from the Faculty of Science and
Technology 1623. 58 pp. Uppsala: Acta Universitatis Upsaliensis. ISBN 978-91-513-0214-0.

RNase P is an essential endoribonuclease responsible for the maturation of the tRNA 5’end. The
RNase P family encompasses the ribozyme based, RNase P RNP, and proteinaceous RNase P
(PRORP). The ribozyme based RNase P is widely distributed in most species while PRORP has
so far mainly been found in some eukaryotic cells.

The RNase P RNP contains one RNA subunit (RPR), which is the catalytic moiety, and one
or more protein subunits. The structural topology of the RPR is crucial for RNase P RNP to
correctly and efficiently maintain its function. The RPR is composed of domains such as the
specificity (S) and catalytic (C) domains, and structural elements that connect these.

The objectives of my thesis were to study the importance of structural elements in the C-
domain of the RPR with respect to substrate interaction and catalysis. Another objective was
to study substrate interaction in PRORP-mediated catalysis, and to compare RNase P RNP-
and PRORP-mediated cleavage. To achieve this I have studied cleavage of both pre-tRNA and
model hairpin loop substrates with RPR variants carrying deletions and base substitutions, and
PRORP1 from Arabidopsis thaliana.

My data provide evidence for an intra domain interaction, referred to as the P6-mimic, in the
RPR C-domain. The P6-mimic forms when the S-domain of the RPR is deleted and it contributes
to catalysis. The inter domain P8/P18 interaction, which connects the S- and the C-domains,
plays an important role for catalysis. My data suggest that, in the absence of the S-domain,
P18 does not contribute to catalysis raising the possibility that the P8/ P18-interaction acts as a
structural mediator between the TSL/ TBS-interaction site in the S-domain and the active center
that ensures correct and efficient cleavage. This is consistent with that RNase P RNP operates
through an induced fit mechanism. 

Furthermore, on the basis of biochemical and genetic data the well-conserved A248 in the RPR
has been proposed to form a cis Watson-Crick/Watson-Crick (cis WC/WC) pair with the residue
immediately 5' of the cleavage site, N-1, in the substrate. My data does not support this cis WC/
WC pairing. Rather, the data are consistent with a model where the structural topology of the
active site varies and depends on the identity of the nucleobases at, and in proximity to, the
cleavage site and their potential to interact. As a consequence, this affects the positioning of Mg2+

that activates the water that acts as the nucleophile resulting in efficient and correct cleavage.
In this scenario it is suggested that the role of A248 is to exclude bulk water from accessing the
amino acid acceptor stem and thereby prevent non-specific hydrolysis of the pre-tRNA. In a
broader perspective, base stacking might be a way to prevent access of water to functionally
important base pairing interactions, and thereby ensuring high fidelity during RNA processing
and decoding of mRNA.

As for RNase P RNP, my studies on PRORP1 indicate the importance of the identity of
N-1 and the N-1: N+73 base pair in the substrate for efficient and correct cleavage. Although, the
data indicate similarities they also provide key differences in substrate recognition by RNase P
RNP and PRORP1 where the RNP form appears to require more recognition determinants for
cleavage site selection.
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Introduction 

Background 
Biology’s central dogma: the roles of DNA, RNA, and protein 
Deoxyribonucleic acid (DNA), ribonucleic acid (RNA), and proteins are 
essential macromolecules in all living organisms. DNA is the most common 
molecule for storing genetic information. This information is physically cop-
ied by transcription into a slightly different molecule, RNA. RNA can be 
thought of as a working version of DNA’s information, and RNA can serve a 
wide variety of functions.  

For example, RNA is often translated into polypeptides, which after further 
modification mature into proteins. Proteins form the physical structures of 
organisms (like the actin in muscles, and the scaffold system in cells) as well 
as macromolecules (like enzymes) that perform further biological processes. 
(Figure 1 shows the relationships between DNA, RNA, and protein.) 

Figure 1. The functions and interactions of DNA, RNA, and protein (biology’s ‘cen-
tral dogma’). 

DNA is normally stable within a cell, which is crucial for its purpose of pre-
serving information. DNA is usually double stranded and often protected and 
densely packed physically — for example, in eukaryotes, DNA is protected 
by several layers of proteins (wrapped around proteins to create nucleo-
somes, which are then packed into chromatin, which are then further protect-
ed by the nucleus). For its physical structure (its sugar-phosphate backbone), 
DNA uses the sugar 2-deoxyribose, which lacks a hydroxyl group and is 
therefore not very reactive.  
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In contrast, RNA is less stable. It is often single-stranded and not usually 
encased in a protective protein structure. Furthermore, RNA can be hydro-
lyzed under basic conditions because the hydroxyl group in the sugar ribose 
can be deprotonated, thereby weakening the phosphodiester bond between 
two adjacent nucleotides. And unlike DNA, RNA is highly versatile, being 
able to function for information storage (such as in an RNA virus, which has 
no DNA), for regulation (including the many functions of the small RNAs, 
or sRNA), for expression (comprising the messenger and transfer RNAs that 
perform translation), and importantly, catalysis. 
 
Catalysis is a quite broad category of processes, but in the context of biolo-
gy, catalysis refers to the acceleration of chemical reactions and the conver-
sion of various substrates into products. The macromolecules that perform 
catalysis are classically thought of as being proteinaceous enzymes. Exam-
ples of catalytic enzymes include proteases that hydrolyze peptide bonds. In 
bacteria, DNA polymerase III synthesizes and proofreads DNA chains dur-
ing replication. During photosynthesis, 1,5-bisphosphate carboxylase cata-
lyzes the addition of CO2 to ribulose 1,5-bisphosphate, thereby creating 3-
phosphoglycerates. The substrates and products of enzymes can include 
macromolecules (like DNA, RNA, and protein), small molecules (like cho-
lesterol and nicotinamide adenine dinucleotide), inorganic molecules (water, 
carbon dioxide, hydrogen sulfide), and so on.  

The discovery of the ribozyme: catalytic RNA 
Until recently, proteinaceous enzymes were thought to be the only type of 
macromolecule capable of catalysis. That tenet was radically altered in the 
early 1980s when Thomas R. Cech and Sidney Altman, working inde-
pendently, discovered self-splicing RNA (Kruger et al. 1982) and the fact 
that the catalytic subunit of the enzyme Ribonuclease P (RNase P) was not 
protein but RNA (Guerrier-Takada et al. 1983).  

 
Cech’s group was working on the intervening sequence in the 26S ribosomal 
RNA coding region of the protozoan Tetrahymena thermophila (Kruger et 
al. 1982). They found that the RNA was shortened without energy consump-
tion or contact with a protein, and was self-splicing (that is, cis-acting). This 
group proposed the name ribozyme for an RNA with such catalytic activity, 
and any self-splicing RNA may therefore be called a cis-acting ribozyme. 
Later, the discovery of cis-acting Group I catalytic introns provided addi-
tional evidence for this type of ribozyme. These ribozymes catalyze the exci-
sion of themselves in various type of RNAs (mRNA, rRNA and tRNA) in 
various species (Cech 1990; Nielsen and Johansen 2009). 
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The identification of the trans-acting ribozyme Ribonuclease P RNA (RPR) 
was more complicated. Some enzyme was assumed to exist that was cleav-
ing RNA, because it was observed that some extra 5’ sequence in the precur-
sor molecule of transfer RNA for tyrosine was not present in the mature 
tRNA sequence (Altman 1971; Altman and Smith 1971). Altman’s group 
searched for the enzyme responsible for removing the RNA sequence and 
discovered the endonuclease responsible, RNase P.  
 
At the time, enzymes were understood to be proteins, so when RNA was 
found while purifying the RNase P, it was believed that the RNA was func-
tioning as a scaffold for the protein subunits involved in substrate recogni-
tion and configuration adjustment. However, it was shown that the protein 
component of RNase P did not have an enzymatic function in the absence of 
this RNA, and the Altman laboratory provided convincing evidence that the 
RNA subunit was associated with the catalytic function (Robertson et al. 
1972; Guerrier-Takada et al. 1983). Subsequent experiments discovered that 
some types of RNase P RNA could carry out enzymatic functions in vitro 
without assistance of protein subunits, although doing so required higher ion 
concentrations compared to in vivo conditions (Guerrier-Takada et al. 1983; 
Liu and Altman 1994). Later, additional substrates for RNase P were discov-
ered, like plant viral RNA and RNA with a hairpin-loop structure (Guerrier-
Takada et al. 1988).  
 
Today we know about a diversity of ribozymes from many species, that per-
form many catalytic functions (see Table 1). Ribozymes are generally cate-
gorized by several factors. In addition to whether they are cis- or trans-
acting, they are categorized by their size (large and small) and their different 
catalytic mechanisms. Cis-acting ribozymes (such as the Group I/II self-
splicing introns, hammerhead ribozymes and hairpin ribozymes) catalyze 
their own phosphodiester bond hydrolysis, creating new functional RNA 
units that affect gene expression regulation. Trans-acting ribozymes (like 
RNase P) catalyze phosphodiester bond hydrolysis, while rRNA catalyzes 
peptide bond formation in other molecules, generating mature molecules like 
tRNAs and peptide chains. Large ribozymes include the 23S rRNA, Group 
I/II introns, and RPR, while small ribozymes include the hammerhead ribo-
zymes, glmS ribozyme, hairpin ribozymes and many others. 
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Table 1: Categories, functions, and taxonomic distribution of known ribozymes. 

Ribozyme Function Distribution 

RNase P tRNA processing Most species 

Ribosomal RNA Protein synthesis All species 

Group I introns Intron splicing Bacteria, plants phages,  
lower eukaryotes 

Goup II introns Intron splicing Bacteria, fungi, plants,  
lower eukaryotes 

hammerhead ribozyme Satellite RNA and viroid 
RNA excision 

Archaebacteria, eubacteria,  
plant viroids, helminths 

glmS ribozyme Riboswitch/gene regula-
tion 

Some Gram-positive  
bacteria 

hairpin ribozyme Satellite RNA replication RNA satellites of  
plant viruses 

hepatitis delta virus 
(HDV) ribozyme 

Viroid RNA excision Virus 

GIR1 branching ribo-
zyme 

Twin-ribozyme intron 
organization 

Myxomycete Didymium  
iridis, several species of  
amoebaflagellate Naegleria 

Twister ribozyme Not known Bacteria, fungi, plants and  
animals 
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The ribozyme ribonuclease P 

RNase P is a trans-acting, multiple turn-over enzyme. The main function of 
RNase P is to remove the 5’ leader sequence of precursor tRNA sequence 
(pre-tRNA), and to then make the 5’ end of the mature tRNA. The catalytic 
cycle of RNase P involves substrate binding, Mg2+ mediated-hydrolysis, 
product release, and then the next round of substrate binding. RNase P is a 
universally conserved ribozyme essential for most organisms, and it is the 
main subject of this thesis research. 
 
RNase P comes in two main variants, namely ribonucleoprotein or protein-
only RNase P.  

Ribonucleoproteins  

Domains, types, and secondary/tertiary structures 
The ribonucleoprotein (RNP) variant of RNase P has one RNA catalytic core 
with at least one associated protein subunit. The protein subunits number 
varies according to species: usually there is only one protein subunit in bac-
terial RNase P, four to five in archaea, and nine or more in eukaryotes 
(Chamberlain et al. 1998; Hall and Brown 2002; Jarrous 2002; Kouzuma et 
al. 2003). It was also demonstrated that the protein subunits in RNP do not 
have a catalytic function, but they are absolutely necessary for in vivo activi-
ty.  
 
The C5 protein subunit in Escherischia coli contributes to catalysis by in-
creasing the affinity between the catalytic RNA core and the target substrate, 
in this case, binding to the 5’ leader sequence of precursor tRNA (Gopalan et 
al. 1997; Niranjanakumari et al. 1998; Crary et al. 1998, see Figure 2). It is 
also involved in substrate selection, cleavage site recognition, stabilization of 
the RPR native structure, and product release. In Eco RPR, the C5 protein 
subunit binds between the P15 and P3 stems of the RNA core (Eco RPR is 
also known as M1 RNA; see M1GS below), and interacts with the conserved 
regions CR-IV and CR-V of the RPR as well as with the 5’ leader of pre-
tRNA (Sun 2007; Reiter et al. 2010). 
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Figure 2. An RPR showing the C5 protein subunit interacting with a pre-tRNA. 

The structure of an RPR can vary significantly in the peripheral sequences 
and secondary structures among species (Darr et al. 1992; Pace and Brown 
1995; Haas and Brown 1998). The different architectures are classified ac-
cording to their secondary structures and the evolutionary relationships of 
the organisms (Chen and Pace 1997; Frank et al. 2000; Marquez et al. 2005; 
Steven et al. 2006). See Table 2 and Figure 3. 
 
Table 2: The RPR types and their taxonomic distribution. 

Type Distribution 

A Ancestral RPR. Found in most bacteria and archaea. 

B Bacillus  

C Chloroflexi  

M Methanococci. Lacks highly conserved RNA stem-loop structures in 
both specificity and catalytic domains. 
 

P Pyrobaculum. Has a reduced specificity domain and some other 
conserved regions 
 

Eukaryotic Eukaryotes. Have a similar catalytic core to the bacterial RPRs, but 
with fewer structural elements. 
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Figure 3. Different RPR types. Type A: Escherichia coli. Type B: Bacillus subtilis. 
Type C: Thermomicrobium roseum. Type M: Methanococcus jannaschii. Type P: 
Pyrobaculum aerophilum. Eukaryotic RPR: Human RPR H1. 

 
RPRs usually have two domains, namely a specificity domain (S-domain) 
and a catalytic domain (C-domain). The structures of these domains have a 
certain level of similarity in different species, reflecting the descent with 
modification of the modern RPR sequences from the RPR sequences of their 
common ancestors.  
 
To the best of our knowledge, the S-domain has no catalytic ability. Its most 
important function is to provide the binding site for recognition of, and inter-
action with, a pre-tRNA’s T-stem/loop region (TSL); the binding site itself is 
called the TSL-binding site (TBS) (Brännvall et al. 2007; Kirsebom 2007; 
Reiter et al. 2010; Wu et al. 2011). In the research, mutation of RPR and 
modifications on pre-tRNAs and hairpin-loop model substrates were intro-
duced. These modifications disrupted or rescued the TSL-TBS interaction, 
affected the RPR cleavage site selection, cleavage rate, ground-state binding 
and Mg2+ requirement. The biochemical experiments prepared the structural 
evidence to reveal the connection between TSL-TBS interaction and chemi-
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cal groups in the vicinity of cleavage site. The catalytic function is associat-
ed with the C-domain, and in some species we have studied, the C-domain 
can carry out catalysis by its own in vitro, but with lower efficiency com-
pared to full-length RPR (Green et al. 1996; Loria and Pan 1999; Kikovska 
et al. 2012; Wu et al. 2012). 
 
The C-domain and surrounding structures are conserved, while its peripheral 
structures may vary (Pan 1995; Chen and Pace 1997; Brännvall et al. 2007). 
For example, the RPRs of Types A and B have common secondary struc-
tures and share similar core areas, but differ in the peripheral elements (Haas 
et al. 1994; Harris et al. 1994; Haas et al. 1996). The C-domain of the RPR 
of some species can carry out catalysis on its own in vitro, although at a 
lower efficiency compared to full-length RPR (Green et al. 1996; Loria and 
Pan 1999; Kikovska et al. 2012; Wu et al. 2012). 
 
RPRs have base paired regions called P regions (identified by sequential 
numbers that correspond roughly to tertiary structure) that create secondary 
and tertiary structures that stabilize the molecule. In Type A Eco RPR, the 
intra-C-domain P6 interaction and the P8/18 interaction connecting both the 
S- and C-domains stabilize the tertiary structure. Type B RPR lacks these 
tertiary structures (P6 interaction is absent and the P8/P18 interaction is very 
different). This structural difference could help to explain the distinct rate 
reductions observed when comparing the catalysis of only the C-domains of 
Eco RPR and Bacillus subtilis RPR with their corresponding full-length 
RPRs (Haas et al. 1991; Haas and Brown 1998; Marszalkowski et al. 2008; 
Reiter et al. 2010; Walczyk et al. 2016). 
 
In early research of Eco RPR, the absence of certain regions was thought to 
reduce the catalytic function of RPR; these regions took up about one third 
of the RPR but were considered to be unimportant for the in vitro experi-
ments (Guerrier-Takada and Altman 1992). Similar research was carried out 
to verify the conserved region of RPR and to test how the assumed structural 
deficiency affected catalytic efficiency. This research included RPR from 
different species like Bacillus subtilis (type B), Thermus thermophiles (type 
A), Thermus aquaticus (type A) and Thermotoga maritima (type A) (Pace et 
al. 1987; Haas and Brown 1998; Hartmann and Erdmann 1991; Waugh and 
Pace 1993; Brown et al. 1993). 

 
Experimental deletion of P18 and indirect disruption of the P6 interaction 
was first carried out using the RPR of T. thermophiles, and the reduction and 
deletion of P18 (nucleotides 304–327) catalytic activity (Schlegl et al. 1994; 
Haas and Brown 1998). Later, comparative sequence analysis and site-
directed mutagenesis of the Eco RPR showed that the P8/P18-interaction in 
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the full length RPR was essential for most type A RPRs (Brown et al. 1996; 
Pomeranz-Krummel and Altman 1999).  
 
In early research, the deletion of P15–17 in Eco RPR led to 50,000 folds 
reduction of kcat/Km, which is possibly because of the disruption of P6 in-
tra-domain interaction (Kikovska et al. 2007). Later during the research of 
CP RPR (S-domain removed C-domain only Eco RPR), 500-fold reduction 
of catalytic efficiency was observed, and according to previous data we 
know that the catalytic efficiency of type B RPR can reduce ~25,000 folds if 
the S-domain is removed (Loria and Pan 1999; Wu et al. 2012).  

Protein-only RNase P 
The other member of the RNase P family, the RNase P-like proteinaceous 
variant (PRORP), has been found in eukaryotic organisms, unlike the RNA-
based RNPs which have been found in almost all organisms (Gobert et al. 
2010; Lai et al. 2011; Taschner et al. 2012). However, recently Hartmann’s 
group found protein based RNase P in bacterium Aquifex aeolicus, which 
shows RNase P function in vitro and rescues RNase P function deficient 
bacteria and yeast (Nickel et al. 2017). PRORP was discovered a few years 
ago as a solely protein-based RNase P in mitochondria. Three proteins 
named MRPP1/2/3 were found cleaving the pre-tRNAs at the native site 
while mitochondrial RNase P processed the tRNA’s 5’end. All three proteins 
were required in vitro for RNase P activity (Holzmann et al. 2008). 
 
Soon thereafter, PRORPs were found in a plant (Arabidopsis thaliana), an 
algae (Ostreoccoccus tauri), and a protozoan (Trypanosoma brucei) (Gobert 
et al. 2010; Lai et al. 2011; Taschner et al. 2012). In Arabidopsis, three 
orthologous PRORPs were identified and named A. thaliana PRORP1 
(AtPRORP1), A. thaliana PRORP2 (AtPRORP2) and A. thaliana PRORP3 
(AtPRORP3). Each of them carried out an RNase P activity that was differ-
ent from mitochondrial PRORP (Gobert et al. 2010). Later research demon-
strated that AtPRORP1 can replace the RNA-core of RNase P in E. coli in 
vivo, showing the functional equivalent of both types of RNase P, while 
AtPRORP2 and AtPRORP3 are present in the nuclei and recognize different 
substrates (Howard et al. 2016).  
 
AtPRORP1is essential to a cell and cannot be knocked out for in vivo exper-
iments, so the technique of RNA interference (RNAi) was used to down-
regulate AtPRORP1 in vivo. Downregulation of AtPRORP1 caused severe 
defects in chloroplast protein synthesis, which disrupted photosynthesis; 
however it had much less of an effect on respiration (Zhou et al. 2015). 
Structural analysis of AtPRORP 1 and 2 showed that they both contain a 
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pentatricopeptide (PPR) domain and a N4BP1, YacP-like nuclease (NYN) 
domain (Gobert et al. 2013; Franziska et al. 2017). A zinc binding domain 
connects these two domains, forming clamp-shaped structure.  

The functions and substrates of RNase P 
The known substrates of RNase P include precursor tRNA, 4.5S RNA, 
tRNA-like viral RNA, mRNA, sRNA, C4 antisense RNA precursor, tmR-
NA, and riboswitches like coenzyme B12 (Bothwell et al. 1976; Peck-Miller 
and Altman 1991; Giegé et al. 1993; Alifano et al. 1994; Komine et al. 
1994; Hartmann et al. 1995; Jung and Lee 1995; Gimple and Schön 2001; Li 
and Altman 2003; Altman et al. 2005). Research on transcription in human 
HeLa cell extract has shown that RNase P could be involved in the human 
RNA polymerase III transcription process. During the transcription of 
housekeeping genes like 5S rRNA, tRNA and sRNAs, the RNase P joins 
RNA polymerase III to form the correct transcription initiation complex 
(Reiner et al. 2006; Jarrous et al. 2007; Serruya et al. 2015). 
 
Precursor tRNA (pre-tRNA) was the first discovered RNase P substrate. A 
pre-tRNA requires extensive modifications in order to mature into a func-
tional tRNA molecule, but the mechanisms and molecules involved in that 
process vary depending on the species. Some variants include introns that 
contain a pre-tRNA (these are self-splicing in bacteria and splicing endonu-
clease-assisted in archaea and eukaryotes, Saldanha et al. 1993; Di Nicola 
Negri E 1997; Fabbri et al. 1998), a 5’-end leading sequence that is cleaved 
by RNase P or PRORP (in rare cases, no extra sequence is left after tran-
scription, Frank et al. 1998; Holzmann et al. 2008), and 3’-end processing 
that includes trailer removal, repair of mismatches or deletions, and CCA 
triplet ligation (Heike et al. 2001; 2014). Also, there are more than 100 dif-
ferent nucleoside modifications possible to be made to a tRNA (Jackman et 
al. 2013). 
 
It seems reasonable to think that an RNA that shared certain features with 
known substrates would be recognized by RNase P (at least under higher 
Mg2+ conditions). For instance, a long hairpin structure with a single-
stranded RNA attached to the 5’ end would resemble a pre-tRNA. Such a 
tRNA-like construct would most likely also be processed by RNase P.  
 
It is difficult to identify new substrates for RNase P in nature, because RNAs 
in solution undergo various conformational changes and transitional states. 
However, one possible method for finding new substrates would be to de-
termine the accumulation of precursors when the RNase P function is exper-
imentally reduced. For example, a temperature sensitive protein subunit have 
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been used to an RNase P, and then activity of the subunit can be manipulated 
by temperature (Li and Altman 2003). Some substrates have been discovered 
using this strategy (Coughlin et al. 2008; Marvin et al. 2011). 
 
Artificial model substrates have also been used in RNase P research. The 
partial deletion and modification of pre-tRNA was used to investigate the 
interaction between RNase P and its substrates at a specific structural ele-
ments and nucleotide sites (Gopalan et al. 2002; Kirsebom 2007; Altman 
2011). The modifications to the pre-tRNA included nucleoside substitutions 
(Adenosine/Cytidine/Guanosine/ Uridine), nitrogenous base substitution 
(purine/2, 6-Diaminopurine (DAP)/2’-amino purine (2’AP)/hypoxanthine 
(Ino)/3’-methyl uracil)/IsoC, ribose modification (deoxyribose/2’-amine) 
and other structural modifications that gradually reduced the substrate size in 
order to disrupt the RPR-substrate interactions, for example only keep the 
acceptor stem and T-stem/loop form model hairpin loop substrate ( Forster 
and Altman 1990; Smith and Pace 1993; Loria and Pan 1997; Persson et 
al. 2003; Zahler et al. 2003; Brännvall et al. 2004; Kikovska et al. 2006; 
Wu et al. 2014 see Figure 4). 

 
Figure 4. Pre-tRNA modifications and molecules for nitrogenous base replacement 
(The grey region are modified site/region). 
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The minimal required for specific site cleavage of a substrate is at least one 
extra nucleotide upstream of a hairpin loop structure, which allows accurate 
cleavage site recognition and maintains efficient catalysis (Hansen et al. 
2001). Additionally there have been reports about small single stranded 
RNA that can be cleaved by RNase P, but the recognition and catalysis 
mechanism is unknown, and the cleavage site selection seems to be non-
specific (Hansen et al. 2001; Marvin et al. 2011). 

External guide sequence: A practical technique using RNase P 
The external guide sequence (EGS) technique takes advantage of the RNase 
P recognition feature, and has been developed as an efficient way of inhibit-
ing gene expression. This technique was first developed to demonstrate the 
importance of different regions in a pre-tRNA to RNase P-pre-tRNA recog-
nition and catalysis. The EGS itself is a separate single stranded RNA that is 
a complementary oligo to the target RNA region. An EGS is complementary 
bound to a target RNA sequence (for example mRNA), and the (now double-
stranded) region of RNA can be recognized by RNase P, and the region 
therefore undergoes RNase P catalysis, the expression of the target RNA can 
be suppressed (McClain et al 1987; Forster and Altman 1990; Gopalan et al. 
2002).  
 
The EGS technique was first used in an E. coli in vivo system, and the tech-
nique was further developed as a way to inhibit the expression of target 
genes either in vitro or in vivo (Li et al. 1992; Yuan and Altman 1994; Go-
palan et al. 2002; Kirsebom 2007; Kole et al. 2012). In addition to the com-
plementary sequence to the target RNA, bacterial substrate usually contains 
an additional 3’-CCA tail during bacterial RNase P-mediated catalysis, 
based on the discovery from Kirsebom’s research of bacterial RNase P sub-
strate recognition and catalytic mechanism. Lacking of this motif may cause 
alternative cleavage site selection (or called “miscleavage”) and dramatic 
reduction of catalysis efficiency (Altman et al. 1993; Kirsebom and Svärd 
1994; Guerrier-Takada et al. 1995; Wegscheid and Hartmann 2006).  
 
Inspired by the fact that human RNase P can be guided by an EGS to inhibit 
target RNA, possible application as anti-viral has been investigated. For 
example, the expression of HIV-1, HBV, CMV, HSV and other pathogenic 
viruses can be (partially) suppressed using complementary EGS design and 
directed RNase P cleavage. This could provide a new therapeutic direction to 
prevent infectious disease (Yuan et al. 1992; Roehr 1998; Hnatyszyn et al. 
2001; Zhou et al. 2002; Xia et al. 2013).  
 
To be recognized by human RNase P, a guiding sequence has to contain (or 
resemble) a T-stem/loop, a 5’ acceptor stem, and a variable region (Werner 
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et al. 1998). These structural elements are not necessary for Eco RPR recog-
nition and so the GS technique using the Eco RPR catalytic function and a 
guiding sequence based on the M1 region (M1GS) could be used. A com-
plementary sequence to the target RNA region is covalently bound to 3’ end 
of Eco RPR, followed by an unpaired 3’-RCCA sequence for Eco RPR to 
recognize and direct the catalysis (Liu and Altman, 1995; Kirsebom and 
Svärd 1993; Kirsebom and Svärd 1994, also see below).  
 
This design can avoid weak binding of Eco RPR and target sequence binding 
and catalysis. The guiding sequence was covalently linked to Eco RPR mol-
ecule (see Figure 5), so that when the guiding sequence binds to its target 
sequence, the adjacent Eco RPR can immediately start catalysis. Using this 
technique, research has been done in various types of target cells (including 
bacteria, human and other animal) to suppress gene expression related to 
oncogenesis and viral infection (Bai et al. 2008; Cobaleda and Sanchez Gar-
cia 2000; Guerrier-Takada et al. 1995; Liu and Altman 1995; Trang et al. 
2000). This technique is a promising gene therapy method to use against 
viral infections and cancer. 
 

Figure 5. Guiding sequence combined with Eco RPR 
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Research questions and methods 

In the previous chapter, I reviewed the basic structures, subunits, and do-
mains of RNase P, and the importance of these regions to catalysis. Here, I 
lay the groundwork for asking more specific questions about those structural 
components and interactions that are important for catalysis, and about the 
similarities and differences between these comonents in RNA-based RNase 
P and Protein-only RNase P.  

The interactions between RPR and pre-tRNA 
The primary objective of my thesis work has been to investigate the interac-
tions of the trans-acting ribozyme RNase P RNA with different substrates 
and in different species. The majority of this work was done in order to at-
tempt to to better understand the molecular mechanism of RNase P catalysis 
for pre-tRNA maturation so as to extend that mechanism to apply to other 
possible substrates. In this chapter I review the methods used in my studies 
and the specific questions that guided the projects (Papers I–III). 
 
As mentioned in the Introduction, the interactions between RPR and precur-
sor tRNA (pre-tRNA) determine cleavage performance. Through crystal 
structure analysis, it has been shown that these interactions align along the 
acceptor stem and T-arm of the pre-tRNA and both the catalytic and speci-
ficity domains of the RNase P’s RNA (RPR) (Reiter et al. 2010). The L-
shaped pre-tRNA tertiary structure has most of its RNase P interacting re-
gions located at the upper arm (including the acceptor stem and T-
stem/loop), and this structure is recognized by the RPR. There are four main 
interactions that have been discovered that influence RPR-mediated cataly-
sis, and they are the most important determinants for accurate and efficient 
RNase P catalysis (Figure 6).  
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Figure 6. Interactions between type A RPR and pre-tRNA. The purple regions show 
the four crucial regions of Eco RPR for interaction.  

It is not necessary for all the interactions to be present for catalysis, as evi-
denced by alternative substrates of RNase P like 4.5S RNA, which can still 
be recognized without some of these determinants (Bothwell et al. 1976; 
Bourgaize and Fournier 1987; Peck-Miller and Altman 1991). However, the 
more determinants and interactions between RPR and the pre-tRNA, the 
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more robust catalysis will be. (The nucleotide numbering of all following 
examples are based on the model of Eco RPR and E. coli pre-tRNASer.) 

3’-RCCA/RPR interaction  
Base pairing between a ribozyme and its substrate results in complex for-
mation. In Eco RPR mediated catalysis, two cytosines (C74 and C75) in the 
pre-tRNA 3’-RCCA motif were found to interact with the guanine G292/293 
(RPR P15-loop GGU-motif) through Watson-Crick base pairing, which en-
hances pre-tRNA affinity (Kirsebom and Svärd 1993; Kirsebom and Svärd 
1994; Kufel and Kirsebom 1996; Svärd et al. 1996). To test this base pairing, 
point-mutated pre-tRNAs and Eco RPR were used. Comparison of wild type 
and modified RPR-substrate catalysis demonstrated that the +74 substitution 
C  G in the pre-tRNA led to significant miscleavage. The catalysis was 
rescued if the corresponding RPR nucleotide G293 was also replaced to re-
establish the proper base pairing (G/C). This catalytic efficiency reduction 
and subsequent rescue revealed the existence of base pairing between target 
nucleotides (Kirsebom and Svärd 1994).  
 
In another set of experiments, the deletion of Eco RPR N291/292 and N294/295 
resulted in miscleavage of a pre-tRNA (Lawrence and Altman, 1986; 
Kirsebom and Altman, 1989). In a set of in vivo experiments, mutation of 
one of the two Gs that interacts with 3’RCCA-motif resulted in cell growth 
inhibition (Wegscheid and Hartmann, 2006). Additionally, the interaction 
between the U294 in Eco RPR with G73 in the pre-tRNA was demonstrated 
through crystal structure analysis, as was the suggested weak interaction 
between RPR G291 and A76 in the tRNA (Brännvall et al. 2003; Reiter et al. 
2010). The 3’-RCCA/RPR interaction anchors the 3’ end of the substrate 
pre-tRNA to the RNase P, thereby assisting in cleavage site location and 
subsequently exposing this site to the active center of the RNase P activity. 
Because of this interaction, RNase P catalysis is highly accurate and effi-
cient.   

A248/N-1 interaction  
During RNase P catalysis, the first nucleotide away from the 5’ end of the 
pre-tRNA cleavage site is absolutely crucial (this position in the pre-tRNA is 
called N-1). A 4-thioU crosslinking experiment demonstrated that several 
residues from Eco RPR, including A248, A249, C252, C253, G332 and A333, were 
close to the N-1 position (Kirsebom 2007), and it is possible that these nucle-
otides form a multiple nucleotide binding surface or binding pocket for ca-
talysis, and that A248 is the key residue for this binding pocket (Burgin and 
Pace 1990; Zahler 2003; Brännvall et al. 2002; 2004; Kikovska et al. 2006).  
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The interaction between A248 of RPR and N-1 in the pre-tRNA is determinant 
for RNase P performance, because the chemical groups at N-1 interact with 
the activity surface of RPR and affect the cleavage.  

 
The most common N-1 nucleotide in E. coli pre-tRNA is uracil, and it was 
suggested that there was a Waston-Crick base pair between A248 and this U-1 
(Leontis and Westhof 1998; Zahler 2003). A Hoogsteen surface (where ba-
ses can ‘pair’ according to a differing molecular geometry) was suggested to 
be crucial for this interaction and to carry out efficient catalysis (Siew et al. 
1999). However, other research refutes the Watson-Crick base pairing and 
the Hoogsteen surface bond forming hypotheses (Brännvall and Kirsebom 
2005; Wu et al. 2012; 2014).  

U69/+5 interaction and the P4 region  
Crosslinking of the uracil at the position 69 (U69) in RPR has indicated that it 
interacts with a pre-tRNA residue five nucleotides away from the 3’ side of 
cleavage site (this position in the pre-tRNA is called +5 residue; Christian et 
al. 2006). Deleting U69 or replacing the adjacent cytosine C70 with a uracil in 
Eco RPR resulted in a reduction in reaction rate (Kaye et al. 2002). In addi-
tion to these individual residues, the whole P4 region (where these residues 
are located) has been suggested to be important for RPR that is involved in 
Mg2+ binding (Christian et al. 2000; Christian et al. 2002). The U69/+5 inter-
action and the P4 region ensure binding of critical Mg2+ and a tight substrate-
binding by the RPR. 

TSL/TBS interaction  
The T-stem/loop region (TSL region) of pre-tRNA is important for RNase P 
and ribosome interaction. The TSL region interacts with a region in RPR 
called the T-stem/loop binding site (TBS). The TBS is located in the S do-
main of RPR, as a conserved part of a specific RPR domain (paired regions 
P7–P11). Inspired by RNA tertiary structural research and 2’-OH group 
function in Group I introns, crosslinking experiments showed that the P7 
region of Eco RPR interacted with the 2’-OH group in the shallow groove of 
TSL region, where the 2’-OH group can be either donor or acceptor of a 
hydrogen bond (Pyle et al. 1992; Harris et al. 1994; Westhof and Altman 
1994). The TSL/TBS interaction was further verified using replacement of 
individual nucleotides to modify an RPR, for example TBS region 2’-H (de-
oxynucleotide) substituted RPR (Pan 1995; Pan and Jakacka 1996). This 
interaction plays an essential role for a productive RPR catalysis, as the re-
search has shown in different species (Loria and Pan 1997; Brännvall et al. 
2007).  
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Through RNase P-tRNA structure analysis, it was shown that residues 19 
and 56 in the TSL region of pre-tRNA interact with TBS of RPR. Residue 
118, which is located in the S-domain, also belongs to the TBS region, as do 
residues A129, A130, A180, G229 and G230, all of which interact with the TSL-
region of the pre-tRNA (Reiter et al. 2010). In B. subtilis, the TSL region 
interacts with four residues (54, 56, 61 and 62) through tertiary interaction of 
their 2’-OH (the exocyclic amine of residue C57 is probably also involved). 
A residue that corresponds to Eco RPR A233 interacts with the 2’-OH of resi-
due 64 in the pre-tRNAphe T-stem. Previous data suggest that the TSL/TBS 
interaction significantly affects the specificity of cleavage site selection and 
the efficiency of catalysis. Disruption of this interaction could affect the 
positioning of Mg2+, causing a shift in cleavage site and a reduction in cata-
lytic efficiency, possibly through interfering with structure alternation of the 
RPR-substrate complex. Also the distance of TSL-region to the cleavage site 
might be crucial for the cleavage site recognition, and only a short 12bp dis-
tance might decide whether RPR can efficiently recognize the cleavage site 
(Carrara et al. 1989; Kirsebom 1995). 

Divalent metal ions and ribozymes 
One of the most common enzyme/ribozyme cofactors are metal ions. In so-
lution, metal ions can facilitate proton release from water molecules in order 
to generate a nucleophile (De vivo et al. 2008; Rosta et al. 2011; Palermo et 
al. 2015). Another crucial role of metal ions is to increase the binding energy 
within the enzyme-substrate complex to direct correct catalytic site selection 
and enhance the reaction efficiency (Yang et al. 2006; Lilley 2011). There 
are two important roles for divalent metal ions during the ribozyme catalysis 
process, namely folding and stabilization of catalytic intermediates. 

Folding and structure maintenance  
The catalytic subunit of the ribozyme is made of RNA. To properly carry out 
its function, the nucleotide sequence has to fold into its functional confor-
mation. Without hydrophobic residues like those in peptide chains, RNA 
cannot spontaneously fold into its functional, relatively stable structure. Fur-
thermore, nucleic acids have a negatively charged phosphate backbone, 
which causes repulsion that affects the formation of the functional structure. 
Hence, positively charged divalent metal ions interact with nucleic acids and 
help the proper folding by neutralizing the negative charges of the phos-
phates. Divalent ions bind to the RNA in two ways, namely diffuse binding 
and site binding (which are sometimes called nonspecific and specific bind-
ing). Nonspecific binding is built on a long-range electrostatic interation of 
hexahydrated divalent ions. Specific binding occurs by coordination with the 
RNA during the folding and ligand-binding processes (Wilson and Lilley 
2002; Denesyuk and Thirumalai 2015). 
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Stabilization of transitional state  
RPR-mediated catalysis model came from the two-divalent-metal-ion mech-
anism where one ion serves as activator of the nucleophile for hydrolysis, 
while the other metal ion stabilizes the transition state of the reaction coordi-
nate, developing negatively charged oxyanions, thus achieving efficient and 
accurate catalysis (Steitz et al.1993; Weinstein et al. 1997; Stahley and 
Strobel 2005). 
 

Figure 7. Model of the Group I intron transition state stabilized by a two-metal 
mechanism. 

Phosphodiester bond hydrolysis requires a nucleophile to attack the polynu-
cleotide backbone. Different ribozymes target at different positions. For 
example, the Tetrahymena thermophila Group I intron, which carries out a 
two-step transesterification reaction, uses the 3’-OH of a bound external 
guanosine as the nucleophile to attack the 5’ cleavage site. Then the 3’-OH 
continues to complete the cleavage. The catalytic core surrounded by diva-
lent metal ions stabilizes the transition state. One divalent ion activates the 
3’-hydroxyl nucleophile and another coordinates the leaving group.  
 
Among the various divalent ions, magnesium is essential for biochemical 
processes in living organisms (Cowan 1995). Mg2+ has a relatively small 
ionic radius of 0.72 Å (compared with Ca2+, Fe2+, Pb2+) and can interact with 
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macromolecules and functional cellular unit like membranes, ribosomes and 
nuclei to maintain their physical integrity and stability (Pasternak et al. 
2010). Also it can act as the ribozyme cofactor in order to specifically rec-
ognize their substrates and carry out catalysis (Hampel and Cowan 1997). 
Magnesium contributes to nucleotide excision repair (NER), base excision 
repair (BER) and DNA mismatch repair (MMR) in DNA repair function and 
participates as an activator in metabolic activities for over 300 enzymes 
(Sancar 1994; Cook 2000; Hartwig 2001; Wolf and Cittadini 2003). 
 
The function of large ribozymes (Group I/II introns, RNase P) highly relies 
on Mg2+. Magnesium plays multiple roles during the RNA hydrolysis, in-
cluding coordinating hydroxide ions to abstract protons or accelerate depro-
tonation, stabilizing the 3’-oxygen leaving group, and assisting nucleophilic 
attack (stimulating phosphorus center or stabilizing charged trigonal-
bipyramidal intermediate) (Pyle 2002; Woodson 2005). 
 
More than 100 Mg2+ ions bind to RPR, where they contribute to folding, 
forming the correct conformation, and assisting the interactions of RPRs, 
protein subunits, and substrates (Gardiner et al. 1985; Reich et al. 1988). The 
protein subunit of RNase P can enhance Mg2+ binding affinity in order to 
decrease the Mg2+ concentration for optimal RNase P catalysis (Kurz and 
Fierke 2002). Lower efficiency and miscleavage is observed if Mg2+ is re-
placed with other divalent ions like Mn2+ or Ca2+, indicating alternative RPR 
domain structures  (Smith et al. 1992; Brännvall and Kirsebom 1999). Mg2+ 
usually coordinates with six or seven water molecules and displays a high 
affinity for oxygen donor ligands. This coordination exists in an octahedral 
conformation, the size and stability of which slows water molecule exchange 
compared to other biological divalent ions like Ca2+ (Wedekind et al. 1995; 
Wolf and Cittadini 2003).  
 
Several important Mg2+ binding sites have been located using structure anal-
ysis (Cate and Doudna 1996; Cate et al. 1997; Shi and Moore 2000; Ka-
zantsev et al. 2009) and a metal rescue method (Christian et al. 2002; Crary 
et al. 2002). In the metal rescue method, the oxygen in molecules, such as 
the nonbridging phosphodiester oxygen in RPR, is substituted by sulfur. This 
decreases ions binding affinity and influences the catalytic performances, 
because Mg2+ coordinates more weakly with the constructed sulfur ligand 
than it does with the usual oxygen ligands. The disruption of substitution can 
be restored by using stronger coordinator to sulfur, for example Mn2+ or Cd2+  
(Jaffe and Cohn 1978; Pecoraro et al. 1984). For example, Mg2+ binding 
affinity to the P4 helix will be disrupted by phosphorothioate modifications, 
causing a dramatic decrease in kinetics performance (Christian et al. 2002; 
Crary et al. 2002). Another potential critical interaction happens at N+73/N294 
between the pre-tRNA and RPR; here the Mg2+ not only stabilizes the inter-
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action, but also influences the surrounding nucleotides like the exocyclic 
amine and 2’-OH of G+1, and N7 of base +73 of the pre-tRNA (Brännvall et 
al. 2003). 
 
In contrast to Group I introns or RPR, the small ribozyme called hammer-
head instead utilize 2’-OH as the nucleophile, creating a 2’, 3’ cyclic phos-
phate end instead of a 3’-OH. The existence of a 2’-OH nucleophile was 
supported by biochemical analyses and the coordinating metal ion for the 
leaving group was shown by the crystallographic study of an active ham-
merhead intermediate (Dahm et al. 1993; Pontius et al. 1997). 
 

Figure 8. Different mechanisms of RNA cleavage. (A) Utilizing 2’hydroxyl as nu-
cleophile, creating a 2’, 3’ cyclic phosphate end and a 5’hydroxyl end. (B) Using 
metal ion-coordinated hydroxyl as nucleophile, generating a 5’phosphate end and a 
3’hydroxyl end.  

 
Since the divalent metal ions mediate hydrolysis of RNA and have their spe-
cific binding sites, some can be useful as probes in footprint experiments. 
For example Pb2+ is frequently utilized as such a probe for RNA structural 
change since it overlaps the binding sites to those where Mg2+ binds in the 
RNA conformation, but its lower pKa value cause spontaneous RNA hy-
drolysis (Ciesiolka et al. 1994; Winter et al. 1997; Lindell et al. 2005). The 
deprotonated Pb2+ coordinate with water under basic condition (Pb2+OH-), 
attack the phosphodiester bonds in vicinity. The conformational change of 
RNA may influence divalent ion binding sites, thus affecting Pb2+ induced 
hydrolysis result. In our studies we used Pb2+ induced cleavage as well as 
other probes (e.g. Ribonuclease T1) to explore the influence of sequence 
modifications on RNA structure (Brännvall et al. 2001; Papers I and II). 
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Testing the induced fit model 
Many ribozymes are believed to use the induced fit model for their catalytic 
processes, including RNase P (Brännvall et al. 2007; Hsieh and Fierke 2009; 
Hsieh et al. 2010). The general idea of the induced fit model is that during 
the enzyme-substrate binding process, the enzyme undergoes continuous 
conformational changes in order to lower the activation energy barrier, 
thereby stimulating the reaction process and increasing the rate. It does not 
share the rigid complementary geometry feature of the better known lock 
and key model (Kosh 1994), and this difference can be verified by kinetics 
and structural research.  

 
An example of the induced fit model is translation, when a ribosome selects 
aminoacyl-tRNA through codon-anticodon recognition. The combination of 
the ribozyme and aminoacyl-tRNA is thought to stabilizes the binding and 
stimulate futher reaction along the pathway (Rodnina and Wintermeyer 
2001). 
 
Substrate recognition and catalytic kinetics research using type B RPR (B. 
subtilis RPR) has revealed that the distal interactions between RPR and the 
substrate determined cleavage site recognition and catalytic kinetics (Loria 
and Pan 1997; 1999). For example, a nucleotide mutation located at T-
stem/loop (far from where catalysis happened) could severely change the Kd 
of substrate binding, as well as the free energy for the catalytic process. That 
research suggested that a disruption of the distal structure within the com-
plex affected the kinetics of catalysis, supporting the induced fit model in 
RPR catalysis.  
 
We studied on the modifications by measuring the cleavage site selection 
and kinetics, in another word, the accuracy and efficiency of RNase P catal-
ysis. The rate constants kobs and kobs/Ksto were also determined under saturat-
ing single-turnover conditions. The kobs reflects the the rate of cleavage, 
kobs/Ksto = k+1 and since dissociation rate k-1 >> kobs we also argue that Ksto 

≈ Kd. The two pathways (ES1- ES2 and ES1- ES1*) represent the catalytic 
situations of canonical site (+1) cleavage and alternative site (-1) cleavage 
(Wu et al. 2011; 2012; 2014).  
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The catalytic domain of some RPRs can carry out catalysis function alone. 
What structural components are crucial to this catalytic function? Are these 
components universal in RPRs? What is the role of individual sites in the 
reaction between domains in this catalysis? To answer these questions, I will 
discuss about the discoveries from the research on Eco RPR P6 region and 
its corresponding structural element in a C-domain-only construct (a ‘P6 
mimic’). Also the P8/P18 helix and their interaction will be discussed, as the 
inter-domain interaction example. We will not only focus on the structural 
components interaction, but also relate it to a bigger picture of how RPR as a 
whole unit operates.   
 
One of the most important interactions in RPR/pre-tRNA complex is the 
A248/N-1 interaction. It is responsible for pre-tRNA extra sequence cleavage 
at 5’ end, however the actual process by which this interaction operates has 
not been known. My research used various nucleotide substitutions and 
structural modifications to exhibit how the changes in the vicinity of this 
region affect catalysis, and proposes a hypothesis of A248/N-1 function during 
catalysis.  
 
The PRORP from eukaryotic cells carries out high efficiency pre-tRNA 5’ 
leading sequence cleavage. As a protein only enzyme, what is the similarity 
between PRORP and RNA-based RNase P? Do they share a similar structure 
due to evolution selection? What interactions between PRORP and its sub-
strate contribute to the catalysis? The research indicates that there are a few 
possible candidate interactions for the high efficiency reaction, and that we 
could learn something about the differences and similarities between PRORP 
and RNA-based RNase P.  



 34 

Results 

Paper I: Structural elements in C- and S-domain 
interactions 
 
Key Results:  
 

1. In a C-domain-only construct, we observed a 500-fold reduction 
of catalytic efficiency.  

2. We find evidence that supports the existence of P6 mimics. Also, 
the P8/P18 helix and its interaction is shown to contributes to the 
overall structure formation of RPR by connecting the two 
However, without S-domain P18 alone does not contribute to ca-
talysis. We will not only focus on the structural components inter-
action, but also relate it to a bigger picture of how RPR operates 
as a unit. 

 
From previous research, we learnt that the presence of the S-domain and the 
C-domain contributed to RNase P catalysis (Kirsebom and Trobro 2009). 
The subsequent questions naturally focused on the function of specific struc-
tural components of the S-domain and the C-domain, for example the base 
pairing regions P6, P3, P8 and P18. Are they essential components, do they 
contribute to the reaction by their existence as in an individual domain, or do 
they have an irreplaceable role in coordination between domains and by 
maintaining the structural integrity. However, after removing the S-domain, 
the original P6 interaction will not remain the same, but there is possibility 
that the residues for P6 formation can interact and form an alternative struc-
ture called a P6-mimic. 
 
To examine the P6 mimic hypothesis and P18 structural role in the CP RPR, 
we selected Eco RPR, Eco RPR CP and some modified RPRs from these 
original structures as our candidates for in vitro substrates catalysis experi-
ments.  
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The P6-mimic interaction was found by disruption of potential interaction 
and DNA hybridization followed by RNase H examination. The disruption 
of a P6 mimic in Eco CP variants Eco CP RPRC83C84 and Eco CP 
RPRG278G279 showed reduction in catalytic efficiency at the canonical cleav-
age site compared with Eco CP RPRwt and the P6 mimic-restored variant of 
Eco CP RPRC83C84/G278G279. Similar results have been observed either with 
or without participation of the C5 protein subunit. This indicates the exist-
ence of a P6-mimic interaction in Eco CP RPR in absence of the S-domain 
and the importance of the P6 interaction in type A RPR catalysis. 
 
Also complementary DNA oligos were generated according to the modified 
part of the variants, these oligos should only bind to the P6-mimic disrupted 
constructs Eco CP RPRC83C84 and Eco CP RPRG278G279, leading to RNase H 
catalysis but not to the Eco CP RPRwt and the P6 mimic-restored variant of 
Eco CP RPRC83C84/G278G279, if the P6-mimic hypothesis is true. All results 
we have point to the existence of P6-mimic interaction. 
 
On the other hand, deletion of another C-domain component P18 from Eco 
CP RPRwt does not affect the catalytic performance. We constructed Eco 
RPRP18CUUG, Eco RPRdelP18 (Eco RPRC-domain without P18), Eco CP 
RPRdelP18P3Mini (Eco RPRC-domain with shortened P3 without P18),  Pfu CP 
RPRwt and Eco CP RPR31delP18 for P18 function study, in order to verify 
whether P18 is crucial only because of P8/P18 interaction or by its own 
function. 
 
Eco RPRP18CUUG modification changes the conformation of RPR. Through 
the structural probing by Pb2+-induced cleavage and RNase T1digestion, the 
disruption of the P8/P18 interaction causes changes near metal binding sites 
IIb and IIb’(the P10–14 area in the S-domain) and an absent cleavage up-
stream site of IIc at A248. The changes indicated by structural probing sug-
gest that the overall structure of RPR changes during folding, which also 
leads to changing in Pb2+ binding positions. To verify the structural chang-
ing, we compared the catalytic efficiency of Eco RPRwt and Eco 
RPRP18CUUG and observed a 21-fold cleavage rate decrease in the mutant. 
 
When analyzed with Pb2+ and RNase T1, with or without the S-domain, the 
Eco RPRdelP18 overall structure did not seem to change much compare to the 
result of Eco RPRwt and Eco CP RPRwt. Also, the cleavage efficiency of 
Eco RPRdelP18 remained similar to Eco CP RPRwt. Either kobs or Ksto changed 
comparing Eco CP RPR with Eco RPRdelP18. So in conclusion, disruption of 
the P8/P18 interaction changes the RPR conformation, but the absence of 
P18 in Eco CP RPR after S-domain deletion has little impact on C-domain 
structure, only a possible change near P4 region. One possibility is that P18 
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absence has little impact on Eco CP RPR since the S-domain is already miss-
ing. 

Paper II: Interaction between nucleotides N248 and N-1 
 
Key results:  
 

1. The precise recognition of the pre-tRNA cleavage site is a dynamic 
process determined by multiple factors. However, it seems clear 
that catalysis directly depends on the conformation of the cleavage 
site, which relates the A248/N-1 interaction. Disruption of this inter-
action can lead to a cleavage site shift or a poor efficiency of the 
catalysis. 

2. Since the divalent metal ions binding sites are related to the RNA 
structure, those ions in the vicinity of A248/N-1 region will inevita-
bly be influenced by local structural alteration or charge distribu-
tion. The intervention of A248 replaces the stacking nucleotide N+73 
(mainly its discriminator base) on top of the N+1/N+72 base pair 
and protects the acceptor stem from non-specific hydrolysis, also 
causing a subtle rotation at N-1 and exposes the phosphodiester 
bond, leaving the route open for divalent metal ion coordinated 
nucleophile attack and hydrolysis, resulting in a 5’ phosphate end 
and a 3’ hydroxyl end. 

3. We show that A248/N-1 is unlikely to have a cis Watson-Crick base 
pairing. We carry out investigation of the role of A248 in the com-
plex and during the reaction and how the local charge distribution 
at cleavage site affects the catalysis through its manipulation on 
Mg2+ position. 

 
The A248 nucleotide (numbering based on Eco RPR) is a well-conserved res-
idue sitting at the center of the RPR activity center region, and previous re-
search has shown that it is crucial for RNase P hydrolysis ability (Zahler 
2003; Brännvall 2002; 2004; Kikovska 2006; Kirsebom, 2007). 
 
Since RPR A248 or its corresponding position is a conserved nucleotide in 
different species, and because a uracil is often present in bacterial pre-tRNA 
at the -1 position, it was suggested that a cis Watson-Crick base pair exists 
between these two crucial nucleotides (Zahler et al. 2003; 2005). Then we 
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can infer that the A248/U-1 or other Watson-Crick base pair combinations 
between RPR and pre-tRNA are universal in organisms, and once this inter-
action is disrupted by nucleotide substitution, it should be restored by corre-
sponding substitution on the other nucleotide to form a new Watson-Crick 
base pair. 
To test the A248/N-1 Watson-Crick base pairing hypothesis, we tested Eco 
RPR with pre-tRNA and model hairpin substrates, both with respect to 
cleavage site selection and cleavage efficiency, to see how it would affect 
the local cleavage site. We were trying to find out how the different func-
tional groups of nucleotides in the vicinity of cleavage site influence the 
catalysis. 
 
We generated Eco RPRN248 variants, replacing the original adenine with 
cytosine, guanine and uracil. First we used structure probing (see above) to 
ensure the overall conformation of RPR is maintaining. Then we tested the 
RPR variants with multiple substrates, pre-tRNA, model hairpin substrates 
and shortened version of model hairpin substrates.  
 
During the Eco RPRN248 variants structural probing, we found that the C248 
and G248 variants shared a high similarity with the wild type of Eco RPR 
structure except for U248 construct. The P15-P18 region of Eco RPRU248 
become accessible to RNase T1, indicating a double stranded to single strand 
shift in the secondary structure. This indicates there is structural connection 
between single nucleotide N248 and P18 region. Combined with the research 
about P8/P18-interaction above, the integrity change of P18 is very likely to 
influence the catalytic performance of U248, which has been supported by the 
cleavage site selection data and catalytic efficiency data.  
 
However this does not explain about one third interaction of N-1 that are not 
U in bacteria pre-tRNA, or the fact in some mycobacteria A248/C-1 combina-
tion takes the majority in RPR/pre-tRNA complex (Kufel and Kirsebom 
1996; Brännvall et al. 2003 ; Zahler et al. 2003). Our nucleotide substitution 
experiments also disagree with the A248/U-1 cis Watson-Crick hypothesis 
except a few exceptions, judging from substrate cleavage site selection and 
catalytic efficiency. For instance, with an intact TSL/TBS interaction, only 
few cases like in G-1 may fit a potential cis Watson-Crick base pairing mod-
el, unless one or more RPR/pre-tRNA interactions have been deleted or dis-
rupted causing unnatural complex binding conditions.  
 
Also we can look at this from another aspect, if A248/U-1 forms a Watson-
Crick base pairing, then we should observe disruption in cleavage site selec-
tion or catalytic efficiency when we blocking this interaction by methyl 
group substitution on U-1 N3 position (3mU), because N3 position is indis-
pensable for hydrogen bond formation of A-U Watson-Crick pairing. A rea-
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sonable assumption is the cleavage site will shift towards one more nucleo-
tide towards pre-tRNA 5’ end (Zahler et al. 2003; 2005). However in all our 
3mU constructs, with or without disruption of RPR/pre-tRNA interactions, 
the cleavage site of RPR remains at +1 position, which serves as evidence 
disagree with the Watson-Crick hypothesis. 
 
Since the Watson-Crick base pairing model does not explain our data, there-
fore we have to establish another model for RPR catalysis, comprehensively 
conclude the structural and biochemical evidence in hand. 
 
To discuss the role of A248 and its well-conserved position in different organ-
isms, we could start with the structural evidence. From previous research we 
learnt that the discriminator base of N+73 stacks on top of the N+1/N+72 base 
pair in pre-tRNAPhe (Jovine et al. 2000). The N+1/N+72 base pair blocks water 
molecule hydrolyzing backbones in amino acid acceptor stem in any circum-
stances, also helps to form the active site topology. This N+73 nucleotide 
blocks the water molecule getting access to the base pair below when pre-
tRNA is not forming a complex with RPR (Maltseva et al. 1993; Isaksson 
and Chattopadhyaya 2005). The N+73 discriminator base forms basespair 
with U294 in RPR during the 3’-RCCA/RPR interaction, expose the N-1/N+1 
phosphodiester bond for hydrolysis (Kirsebom and Svärd 1994; Brännvall et 
al. 2003). As a precise catalysis, the cleavage site must not be accessed 
freely to nucleophile (water in this case), according to the structure of post-
cleavage RPR/tRNA complex, A248 approaches the cleavage site after N+73 
has formed its base pair, stacking on top of N+1/N+72, replacing the original 
discriminator base of N+73 in free pre-tRNA status (Reiter et al. 2010). 
Therefore, A248 nucleotide prevents water access from top direction of the 
terminal base pair, only allows the Mg2+ mediated hydrolysis taking place. 
This is also supported by our activation energy determination that Ea A248≈Ea 
G248﹤Ea C248﹤Ea U248, because according to stacking free energy test, A is 
preferable over G, C and U (Saenger 1984). 
 
The importance of divalent ion especially Mg2+ in ribozyme function has 
been discussed above. There are Mg2+ near the cleavage site likely to interact 
with the hydroxyl group at N-1 and N-2 position in pre-tRNA, and only when 
Mg2+ presented, the catalysis of pre-tRNA can be processed efficiently (Per-
reault and Altaman 1992; 1993; Loria and Pan 1998; Brännvall and 
Kirsebom 2004; Zahler et al. 2005). Since the position and affinity of diva-
lent ion binding is also determined by the binding site topology, the modifi-
cation of N-1, for example pyrimidine to purine, will cause canonical cleav-
age site selection frequency decreasing (Tallsjö et al. 1993; Kikovska et al. 
2005; Brännvall et al. 2007). Also other changes at this site, like the substitu-
tion of 2’OH at N-2, N-1 to 2’-H lead to dramatic cleavage rate decreasing 
(Perreault and Altaman 1992).  
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To explore further about relation between N-1 binding site and Mg2+, we also 
tested the substitution of 2’-NH2 instead of 2’-OH of N-1. Comparing to the 
2’H substitution, NH2 group has a pKa value at about 6-6.2, which means it 
should be at protonated status while the pH is lower and gradually become 
deprotonated when pH increases (Miller et al. 1993; Aurup et al. 1994). The 
changing state of protonation and deprotonation causes the disruption of 
local charge distribution. As a result, we observed increase of canonical 
cleavage site selection frequency along with pH rising. Moreover, the pH 
dependent cleavage site selection is also affected by N+1/N+72 base pair and 
N248 nucleotide substitution. All these data supported the hypothesis that the 
RPR/pre-tRNA catalysis is influenced by the local structural architecture in 
the vicinity of cleavage site, and Mg2+ mediated catalysis is also inevitably 
affected by charge distribution, both choice of cleavage site and efficiency of 
reaction. 

Paper III: Comparison of RNA-based RNase P and 
proteinaceous RNase P 
 
Key Results: 
 

1. Unlike Eco RPR, the D-loop of pre-tRNA is necessary for high 
efficiency catalysis. On the other hand, the 3’-RCCA motif is not 
required.  

2. Like RPR, in PRORP the interaction between the TSL region and 
pre-tRNA N-1 nucleotide is important. 

 
To compare the RPR with PRORP, and to trying to find out the similarity 
and difference of the catalytic mechanisms between these two molecules, we 
examined the AtPRORP1/pre-tRNA complex, with a focus on a few interac-
tions that correspond to the RPR/pre-tRNA complex. The interactions we 
investigated are T-/D-loop from pre-tRNA and AtPRORP1, 3’-
RCCA/AtPRORP1, and the function of the pre-tRNA N-1 in cleavage site 
selection and catalytic efficiency. Although PRORP and RPR have devel-
oped through different evolutionary pathways and are quite different in 
many ways, they both deal with a similar substrate (pre-tRNA), so it is not 
too surprising that these two kinds of molecules have many similarities. 
 
Unlike RPR, AtPRORP1 has much lower efficiency in catalyzing model 
hairpin-loop substrates than pre-tRNA (≥1000 folds), which indicates that 
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AtPRORP1 has higher affinity with pre-tRNA D-loop than RPR does. This 
conclusion is also supported by other research on PRORP in which the sub-
stitution of position 18/19 in the D-loop led to lower catalytic efficiency 
(Gobert et al. 2010).  

 
The T-stem/loop of pre-tRNA has a significant role in RPR catalysis by 
forming TSL/TBS interaction, and this region is also crucial for AtPRORP1 
interaction with pre-tRNA. The modification of T-loop sequence (the GAAA 
tetraloop) totally excludes the AtPRORP1 canonical cleavage site seletion 
possibility within our model hairpin loop experiments, though the Kd value 
remained similar to wild type model hairpin loop substrate. Combined with 
the fact that the N56/N57/N58 nucleotide of pre-tRNA (located in the T-
stem/loop region) play a crucial role in recognition of AtPRORP1, we can 
see that T-stem/loop structure and AtPRORP1 interaction is necessary for 
correct and efficient catalysis (Imai et al. 2014). 
 
In our research of 3’RCCA-/RPR interaction, the 3’RCCA-motif is indispen-
sable for RPR recognition and anchoring with pre-tRNA, and further to ex-
pose the cleavage site allowing the RPR A248 nucleotide entering and nu-
cleophile approaching (Kirsebom and Svärd 1994; Brännvall et al. 2003; 
Paper II). However, the CCA tail removed substrates did not cripple 
AtPRORP1 catalytic function. The cleavage site selection remains the same 
and only slight influence on catalytic efficiency. The possible reason for this 
is that in eukaryotic and organellar tRNA coding genes, the 3’ end CCA-
motif are not commonly generated together with the pre-tRNA transcription, 
only 0.5% in our statistic of 8 algal and plant species tRNA-encoding genes. 
 
Investigating pre-tRNA N-1 interaction with AtPRORP1 has several phases 
throughout our research. The substitution of N-1 with different nucleotides 
affected the cleavage site selection and efficiency of catalysis, suggesting 
that N-1 does interact with AtPRORP1, but whether it does so in a way simi-
lar the A248/N-1 interaction requires more research. Having a C-1 seemed to be 
unfavorable due to either its exocyclic amine when positioning in the active 
site of AtPRORP1, or the existence of C-1/G+73 base pair. The base pair pos-
sibility is also supported by our research of pATSer C-1/G+73, pATser C-

1/Ino+73, pATSer C-1/U+73, in which three, two or no hydrogen bonds can 
form, respectively.. The fewer hydrogen bonds, the higher frequency for 
canonical site cleavage exists. That may also be an explanation for the fact 
that pATSer C-1/G+73 appears with low frequency in organellar tRNA coding 
gene of the eight algae or plants that we investigated. 
 
Another important chemical group of N-1 is the 2’-OH group, which affects 
the structural architecture in the vicinity of cleavage site in our RPR/pre-
tRNA model. Since AtPRORP1 activity highly relies on Mg2+, and D474, 
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475 are suggested to be responsible for Mg2+ at the caleavage site (Howard 
et al. 2012; Karasik et al. 2016). N-1 2’-OH group is very likely to influence 
the Mg2+ positioning near the cleavage site too (see also Paper II), it is not 
surprising when we see the elimination of canonical site cleavage in a 2’-H 
substituted N-1 substrate experiment (Pavlova et al. 2012; Howard et al. 
2012; 2015).  
Together, the results presented in Paper III enabled as to make a few conclu-
sions about the requirements for AtPRORP1 to carry out accurate and effi-
cient cleavage. Furthermore, we can see some similarities and differences 
between RNP RNase P and PRORP.  
Unlike previous research on pre-tRNATyr, pre-tRNAPhe, and so forth, we used 
pre-tRNASer having a large variable loop. This affects the structural topogra-
phy in the vicinity of the T-/D-loop, but AtPRORP1 maintains high efficien-
cy of catalysis. The variable loop size seems not to affect recognition of the 
pre-tRNA. Unlike the RNP variants, PRORP interacts with the D loop to 
carry out high efficiency catalysis. We draw this conclusion from the rate 
comparison of pSu1 and pATSer substrates, and also from the Kd value 
analysis and earlier substitution experiments at the D loop. The N-1 identity 
is one of the most important determinants of both cleavage site selection and 
rate maintenance. C-1 decreased the canonical site cleavage frequency in 
pSu1 and pATSer substrates. This might be because the exocyclic amine in 
C-1 localizes to an unfavorable position in the AtPRORP1 active site, or 
maybe because of the base pairing between C-1/G+73 which serves as a barrier 
to access the canonical cleavage site as for bacterial RPR. Probably there are 
other structural or other determinants assisting the N-1 recognition and caus-
ing a lower frequency of C-1/G+73 base pairing. Another important chemical 
group of N-1 is the 2’-OH group which disabled the catalysis if replaced by 
2’-H. In the research presented above, we claimed that this group interfered 
with Mg2+ positioning and affected the catalytic performance. Unlike in bac-
terial RNase P catalysis, there is little interplay between N-1 and N+1 in 
cleavage site selection by AtPRORP1. Finally, the 3’-CCA motif does not 
seem to be crucial in AtPRORP1 interaction (comparing with RNP variants) 
with its substrates. This could be due to the absence of a chromosomally 
encoded 3’-CCA motif in eukaryotic organellar tRNA encoding genes. 
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Conclusions 

The main conclusions reached in light of the research presented in Papers I–
III are as follows:  
 

1. P6 interaction in full length RPR is significant for efficient cataly-
sis. It still exists in catalytic domain only construct in the form of 
a “mimic” structural element and its importance for catalysis re-
mains (Paper I).  

 
2. The inter-domain interaction of P8/P18 changes the tertiary struc-

ture of RPR, and it has certain connection with the activity center 
of RPR. When the interaction is disabled (removing the S-
the remaining P18 loop does not significantly affect the function 
of C-domain only construct (Paper I). 

 
3. Eco RPRA248 and pre-tRNA N-1 interaction is a crucial determinant 

of RNase P catalysis. The interaction is unlikely to be a cis Wat-
son-Crick base pairing but instead a “flexible” active site architec-
ture. Its function depends on the neighboring nucleotide identity 
and interaction among chemical groups (Paper II). 

 
4. RPR catalysis is mediated by Mg2+ presence, and positioning of 

Mg2+ in the active site is also a key determinant of catalytic site 
selection. This positioning is affected by pH or the structural ar-
chitecture charge distributions of nearby nucleotide chemical 
groups N-1, N+1/N+72 of pre-tRNA, N248 of Eco RPR (Paper II).  

 
5. Eco RPRA248 protects the backbone of pre-tRNA acceptor stems 

from non-specific hydrolysis by stacking on top of the N+1/N+72 
base pair. Eco RPRA248 also replaces the original discriminator 
base of N+73 at this position in the free pre-tRNA, which explains 
why adenosine is preferred at position 248, because adenosine has 
a more favorable stacking free energy then the other nucleotides, 
and adenosince also has the lowest activation energy (Paper II). 
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6. In addition to the T-stem/loop, AtPRORP1 also requires the D- 
loop to carry out efficient catalysis. The pre-tRNA 3’RCCA se-
quences required for bacterial RNase P function is unnecessary for 
AtPRORP1, possibly due to the different tRNA assembling strate-
gy of eukaryotic tRNA (Paper III). 

 
7. Pre-tRNA N-1 affects the cleavage site selection and efficiency of 

AtPRORP1 catalysis. Since AtPRORP1 catalysis is also a Mg2+ 

mediated reaction, the amino acids D474 and D475 may serve as 
the metal ion coordinator. This leads to an assumption that 
AtPRORP1 could also use an amino acid (for example W278 or 
F500) as protector (by stacking on top of the terminal base pair) of 
pre-tRNA acceptor stem backbone (Paper II and III). Further re-
search will be needed to test this hypothesis.  

 
In the future research, the catalytic mechanism of different types of RPR 
from different species requires further study. We may answer the question 
for RNase P such an essential molecule for life, do they share a conserved 
catalytic strategy?  
 
Also more data is needed for establishing the PRORP catalytic mechanism, 
before we can compare the RNA based RNase P and protein only RNase P. 
 
The clinic application of guiding sequence technique is also a fascinating 
topic for viral infection treatment and cancer therapy. I hope it can be a 
combined project with our basic mechanism research of RNase P.   
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Swedish summary 

Transfer-RNA (tRNA) är en av den viktigaste typen av molekyler i en org-
anism. När den genetiska informationen som lagras i DNA och som be-
stämmer hur varje livsform ser ut ska producera för livet essentiella moleky-
ler i form av proteiner så fungerar tRNA som en länk mellan den genetiska 
informationen och proteinets byggstenar, aminosyrorna. Först kopieras in-
formationen för en gen över från DNA till den mobilare messenger-RNA 
(mRNA) molekylen. Varje tRNA bär på en specifik aminosyra och har en 
specifik avkodningsnyckel för att läsa av den genetiska koden som specifice-
rar ordningen av aminosyrorna i proteinsekvensen. Denna består av en lång 
kedja av sammanlänkade aminosyror. Proteinkedjan veckar sig sedan, ge-
nomgår modifieringar där kemiska grupper adderas till molekylen, och bil-
dar ibland komplex av flera proteinkedjor för att forma det slutliga funktion-
ella enheten, proteinet. Även tRNA genomgår en mognadsprocess innan det 
kan laddas med en aminosyra och avkoda den genetiska koden. Ett tRNA 
kopieras över (transkriberas) från DNA till RNA från dess gensekvens, men 
i en omogen form kallad prekursor. Denna innehåller extra sekvenser både i 
början och i slutet av prekursorn som måste tas bort (tRNAt måste proces-
sas) innan tRNA blir funktionellt. Utöver detta måste tRNA, likt många pro-
teiner, modifieras genom adderingar till eller ändringar av flera RNA-
byggstenar. Mer än 100 olika modifieringar är kända.  

 
Mitt studieobjekt, RNas P, är en enzymliknande katalytisk molekyl som 
klyver bort extrasekvenserna i början av tRNA-prekursorn och skapar en 
färdig startände på tRNA. Eftersom tRNA är en livsnödvändig typ av mole-
kyler finns också RNas P i alla hittills kända organismer där den är essenti-
ell. Skälet till att kalla RNas P enzymliknande istället för enzym är att före 
upptäckten av molekyler som RNas P trodde man att alla biologiska kataly-
satorer var proteiner som kallades enzymer. Hos RNas P, som visserligen 
delvis består av protein men även av RNA, är det i stället RNA som är kata-
lytiskt aktivt. För att skilja denna typ av molekyler från rent proteinbaserade 
enzymer kallar man dem ofta ribozymer. 

 
RNA (ribonukleinsyra) är en typ av molekyl som liknar DNA (som lagrar 
genetisk information), men där basenheten hos RNA, ribonukleotiden, har en 
extra syreatom på sin fem kolatomer långa sockerring. RNA upptäcktes som 
beståndsdel i RNas P på 1980-talet, men först trodde man bara den funge-
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rade som ett ramverk för proteindelen utan egen katalytisk funktion. Så små-
ningom visade det sig otvetydigt att det var RNA-delen som bar den kataly-
tiska funktionen och var den viktigaste delen av RNas P. 

 
Forskning gjord på RNas P har visat att fastän den huvudsakliga funktionen 
är att klyva bort extrasekvenserna i början av tRNA-prekursorer så klyver 
den även andra RNA-molekyler (substrat). Min forskning har handlat om att 
studera klyvningsmekanismen i närmare detalj. Till exempel har jag studerat 
betydelsen av ribonukleotiden närmast klyvningsstället som vi kallar N-1 i 
den bortklyvda sekvensen i början av prekursorn. Det är fascinerande hur 
RNas P känner igen den här ribonukleotiden och alltid klyver vid samma 
position, samtidigt som små förändringar i RNas P eller tRNA-prekursorn i 
närheten av klyvningsstället nästan säkert leder till förändringar i valet av 
klyvningsposition och påverkar effektiviteten i katalysen. Mina data indike-
rar att det är den dynamiska strukturen av det här området som bestämmer i 
vilken position och med vilken effektivitet RNas P klyver bort extrasekven-
sen i början av tRNA-prekursorer (Delarbete II).  

 
RNA-delen av RNas P veckas inte slumpmässigt ihop sig. För att fungera 
korrekt och effektivt måste RNas P bilda olika strukturella element under 
veckningen. Jag undersökte funktionen hos sådana element kallade P6 (P6-
interaktionen) och P8/P18 (P8/P18 interaktionen). Dessa interaktioner binder 
ihop olika delar av RNas P RNA och bildar en korrekt tredimensionell struk-
tur hos molekylen. När vi studerade den katalytiska kärnan hos RNas P (C-
domänen där den andra domänen, specificitetsdomänen, är borttagen från 
RNas P) fann vi en interaktion som liknade P6-interaktionen i den intakta 
RNas P molekylen och som är viktig för C-domänens katalytiska funktion. 
Vi kallade denna interaktion för “P6 mimic”. P8/P18-interaktionen är också 
nödvändig i den intakta fullstora RNas P RNA molekylen, men i den kataly-
tiska domänen är denna interaktion förstörd eftersom P8 saknas. I detta 
sammanhang verkar P18-elementet sakna betydelse för funktionen av den 
katalytiska kärnan (Delarbete I). 

 
Efter att i många år trott att RNas P enbart existerade som en RNA-baserad 
katalytisk molekyl upptäckte man slutligen en RNas P-molekyl som enbart 
bestod av protein (kallad PRORP). Fastän denna typ av RNas P enbart hittats 
i vissa arter av eukaryota organismer spelar den en lika essentiell roll för 
mognaden av tRNA-prekursorer i dessa arter som den RNA-baserade varian-
ten gör i andra organismer. I min forskning kom jag fram till att jämfört med 
bakteriers RNA-baserade RNas P så behöver PRORP några extra strukturella 
element (delen kallad D-stem/loop) hos tRNA-prekursorer för att fungera 
effektivt. Å andra sidan behöver PRORP till skillnad från det bakteriella 
RNas P vi oftast använder inte ha en tRNA-prekursor med en intakt slutände 
(det s.k. 3’-RCCA elementet) för att fungera. Efter vår studie av det dyna-
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miska katalytiska centret i RNas P RNA utgick vi från att det katalytiska 
centret i PRORP borde ha en viss likhet med det i RNas P RNA, men för att 
stärka denna hypotes behövs ytterligare experiment (Delarbete II och III). 
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