
1 

 

 Abstract 

Ribonuclease P (RNase P) is a ribonuclease involved in the maturation of tRNAs 5’ends. 

RNase P recognizes and binds to the specific structure of the tRNA precursor. The 

catalytic function of RNase P is also based on the intro- and intermolecular 

interactions in order to carry out correct reorganization and cleavage. Previous 

experiments have demonstrated that when the 2’ OH group in the tRNA precursor -1 

position (-1N) is replaced, the correct recognition of the active center to cleavage site 

will be interrupted. We made a further investigation on the role of the 2’OH group in 

some nucleotides in thetRNA precursor. Furthermore, the active center has also been 

studied, together with the specificity domain in RNase P RNA (RPR), which plays an 

important role assisting the recognition of right cleavage site. Finally, we took the 

protein subunits function into consideration and had research on them. From the 

experiments we discovered more information about the role of each nucleotide in 

tRNA precursor while reacting with the RNase P RNA. Also, we verified the function 

of both the catalytic and specificity domain, from which a hypothesis that a potential 

linkage exists between the direct coupling of T-stem-loop(TSL)/T-stem-loop binding 

site(TBS) and coupling of cleavage site/active center, could be established. 

Additionally an interesting phenomenon of protein subunit disturbance was observed 

during the process. 
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1. Introduction 

1.1. RNase P 

RNase P is an endoribonuclease responsible for maturation of tRNA precursors. It 

contains an RNA subunit which consist of a specificity domain and a catalytic domain, 

the average size of RNA subunit is: 260 nucleotides (Archaea) and 360 nucleotides 

(Bacteria and Eukarya), and also protein subunits, one in Bacteria, at least four in 

Archaea, nine in Eukarya(1-3). This unique ribozyme carries out its function by 

cleaving off an extra sequence on the 5’ end of tRNA precursors(4). The matured 

tRNAs can fold into functional conformations and begin to transfer a specific active 

amino acid to ribosome and help the protein synthesis during translation process(5). 

The correct and efficient cleavage happens with several pairs of coordinated 

recognitions between tRNA precursor and RPR: the interaction between TSL and 

TBS, the RCCA residues in the tRNA precursor and RPR, A248 in the RPR and -1N 

(shown in Figure 1)(5-8). 

 

 

 

Figure 1. The structure of RNase P RNA and tRNA precursor(3,9,10) 

TBS 

U69 

A248 



3 

 

1.2. 2’OH group deletion 

It has been found that the deletion of the 2’ hydroxyl group at -1 position of tRNA 

precursor can lead to miscleavage, which the cleavage site shift one nucleotide 

backward from the canonical cleavage site. Since this 2’OH is adjacent to the active 

center of RNase P RNA where the reaction takes place, it is considered that the 

interaction between A248/-1N, possibly the lost contact through 2’OH in -1N and 

Mg
2+

 with A248 in RPR caused the miscleavage(11). To investigate all the 

nucleotides that would possibly be involved in the coupling of tRNA precursor and 

RPR, a series of model hairpin loops have been applied.   

 

 

The model hairpin loop pATSerCGGAAA is modified to various loops that only one 

single nucleotide has a 2’ deoxy-substitution in each of them. The modified 

nucleotides are showed in red: 

5’-GAUCUGAAC-1G+1GAGAGAGGGGGGAAACCCCCUCUCUCCG+73CCAC-3’  

With these 21 modified model hairpin loops, and through the cleavage pattern of their 

reaction with Escherichia coli RNase P RNA (M1 RNA), we can get the information 

about the influence of these nucleotides during the reaction. 

  

1.3. Pyrococcus furiosus Ribonuclease P RNA and Escherichia coli RNase P RNA 

After the investigation of 2’OH group function in model hairpin loop, research on the 

Figure 2. Structure of tRNA precursor, pATSerUG, pATSerCGGAAA (12) 

-1U 
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RPR active center was carried out. The assumption of RNase P RNA domains 

function is based on the similarity of Pyrococcus furiosus Ribonuclease P RNA (Pfu 

RPR) and M1 RNA performance during recognition of cleavage site, while they share 

an almost same catalytic domain(where active center placed) and their secondary 

structures of the specificity domain are quite different (Figure 3)(13-16). Pfu RPR is 

RNase P RNA from Archaea Pyrococcus furiosus which originally is built up by an 

RNA similar to bacterial counterpart, with four protein subunits(RPP21•RPP29) 

complex, POP5•RPP30 complex) who have homologs in Eukarya(13,17). Through 

exchange of Pfu RPR and M1 RNA catalytic domain and specificity domain, and 

reaction with model hairpin loop with different structures, an observation of their 

unique cleavage patterns can be obtained(18). 

 

 

 

 

Figure 3. Secondary structure of Pfu RPR (left) and M1 RNA (right). The specificity domain (S domain) 

and the catalytic domain (C domain) are shown in the Figure. S domain is highlighted in light grey. 

(13,14,15) 
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1.4. RPR, model hairpin loops and protein subunits 

The RNase P RNAs used include: 

Wild type: M1 RNA, Pfu RPR, they serve as positive control of cleavage pattern and 

reaction rate. 

Modified:  

—PfuCDM1SD (combined RPR with catalytic domain from Pfu RPR and specificity 

domain from M1 RNA), it serves for investigation of specificity domain function in 

RPR. 

—PfuCDM1SD#6(extra 3 base pairs extension at linkage part between specificity and 

catalytic domain in PfuCDM1SD), it serves for exploration of specificity domain in 

RPR and effect of length modification to RPR/model hairpin loop coupling. 

—Pfu RPR210CGC(mutation on the P10 loop of Pfu RPR(dark grey part in Figure 1.) 

to mimic the corresponding part in M1 RNA), it serves for research of specificity 

domain function in RPR. 

—M1CP PfuSD#6(combined RPR with catalytic domain from M1 RNA and 

specificity domain from Pfu RPR), it serves for investigation of catalytic domain 

function in RPR. 

 

 

 

Figure 4. The wild type substrate (left), various modified substrates (right) 
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The model hairpin loops used include: 

—pATSerUG (serves as wild type tRNA precursor), serves as positive control of 

cleavage pattern and reaction rate.（Figure 4.） 

—pATSerCG, pATSerCGGAAA, pATSerCGUUCG and pATSerCGCUUG, (change the 

GAAA tetra loop in pATSerCGGAAA into UUCG and CUUG), serve for exploration of 

miscleavage at -1 position, changing of reaction rate and role of nucleotide order in 

the loop. (Figure 4.) 

—pMini3bpUG (9 base pairs deletion at stem part in model hairpin loop), serves for 

research on the stem function and its interaction with RPR. (Figure 4.) 

 

The protein subunits used include: 

RPP21•RPP29 complex, POP5•RPP30 from Pfu, they assist the reaction of Pfu RPR 

or corresponding mutated RPR with model hairpin loop. 

C5 from E.coli, it assists the reaction of M1 RNA or corresponding mutated RPR with 

model hairpin loop(19). 

 

1.5. Function of catalytic domain and specificity domain 

To investigate the function of catalytic domain and specificity domain, modified 

RNase P RNAs have been used to react with different variants of model hairpin loops. 

Then the results will be compared to those from wild type RPR(18). Through the 

comparison of M1CPpfuSD1#6 with Pfu RPR and M1 RNA, we verify that the 

catalytic domain takes charge for reaction and reaction velocity, however, it does not 

participate in recognition and cleavage site location. By contrast, if we compare 

PfuCDM1SD with Pfu RPR and M1 RNA, the specificity domain plays a significant 

role in recognition of the cleavage site. 

When PfuCDM1SD#6 was applied, a very interesting phenomenon happens, while M1 

RNA and PfuCDM1SD reacting with pATSerCGGAAA, an obvious miscleavage shows 

up, because of the -1C disturbance on recognition(12,20), and this miscleavage is 
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rescued if we apply PfuCDM1SD#6 with pATSerCGGAAA, which leads to a hypothesis 

that there is direct linkage between the coupling of TBS/TSL and active 

center/cleavage site. 

 

1.6. Protein subunits function 

Finally, a disturbance of Pfu protein subunits RPP21•RPP29 complex on cleavage site 

recognition is observed. According to the research of RPP21•RPP29 and POP5• 

RPP30 complex, RPP21•RPP29 should combine with specificity domain and assist 

correct recognition.(13,18,21) However it happens that when Pfu RPR reacting with 

pATSerCGGAAA assisting by RPP21•RPP29, a miscleavage takes place in the result, 

which suggest potential extra requirement for RPP21•RPP29 to carry out their normal 

function. 
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2. Materials and methods 

2.1. RNA preparation  

2.1.1. PCR step 

The RPR applied in the experiments are prepared by PCR and transcription in vitro. 

The PCR reaction                                                     

5X Phusion GC Reaction Buffer (F-519) (Finnzymes company)    20 µl;                                      

Phusion DNA polymerase (F-518) (2U/µl) (Finnzymes company)   2 µl;          

10 mM dNTP mix   1 µl;                                               

10 µM primes (both upstream and downstream ones)   10 µl;                   

1 ng/µl template  20 µl;                                                       

Complete the reaction system to 100 µl with H2O  

The PCR machine program will be                                                   

15 seconds 98℃ denaturing of template;                                                  

15 seconds 60 ℃ annealing of the primer to the single strand DNA template;                 

15seconds 72℃ elongation of target DNA strands                                           

The program will go for 35 rounds and followed by 72℃ 3 minutes to complete the 

elongation process.  

In the following purification step, a purification kit (QIAGEN Company) will be used 

to extract the DNA product, which will be checked on a 1% agarose gel. 

 

2.1.2. Transcription  

With the amplified product DNA 20 µl (100~200ng/µl) from PCR operation as 

template, overnight incubation at 37℃ with  

10 µM RNTPs   16 µl (all four kinds of RNTPs); 

T7 polymerase   2 µl; 
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4 X transcription buffer (HEPES 0.8 µM, MgCl2 0.12M, DTT 0.12M, Spermidine 

0.008M)   50 µl; 

Complete the reaction system to 200 µl with H2O. 

 

Extraction step: After obtaining the product, extract the RPR product by mixing with 

1:1 volumes of Aqua Phenol (low pH) and centrifuging, then purifying the 

supernatant with double volume of Chisam (24:1 volume ratio of chloroform and 

isoamyl alcohol ) twice and remain the supernatant. Precipitate the product with 1/10 

volume of NaOAc and 3.5 volume of 99.5% alcohol. Centrifuge and the pellet left 

will be the RPR product. 

 

2.2. Labeling 

 

The model hairpin loop applied in the cleavage reaction is labeled by radioactive 

mark in order to observe the cleavage pattern. The reaction is carried out with 

10X reaction buffer A (Fermentas company)   3 µl; 

10U/ µl T4 polynucleotide kinase (Fermentas company)   3 µl; 

1~2 µg/µl model hairpin loop RNA   1 µl (the total amount of RNA is about 100 

pmol); 

[γ-32P]ATP   10 μl (specific activity3000 Ci/mmol, totally 100µCi); 

Complete the reaction system to 20 µl with H2O 

Incubate the solution 3 hours, the γATP will attach to the 5’ end of the model hairpin 

loop RNA sequence and the RNA will appear under UV light (dark band) on the 

polyacrylamid gel. The band will be collected and crashed to obtain the products with 

1X TE Buffer (10:1 Tris and Ethylenediaminetetraacetic acid).Followed by extraction 

step the same as the one in transcription methods. 

 

2.3. Cleavage stand-alone and titrations 
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The reaction needs metal ions (Mg
2+

) to help RNase P RNA fold into functional 

conformation. RNase P RNA was incubated with buffer 50mM MES (pH 6.1 at 37℃), 

0.8M NH4OAc and specified Mg(OAc)2 concentrations at 37℃ for at least 10 mins, 

then add in specified amount of model hairpin loop RNA to let the reaction begin, the 

reaction time depends on different structure of RNase P RNA and model hairpin loop.  

Because the reaction of RNase P RNA depends on Mg
2+

 concentration,(20) to analyze 

the RNase P RNA, Mg titration is applied to explore the reaction velocity under 

different metal ion concentration. The reaction is usually set up with ladder 

concentration of Mg
2+

 ions, and run the reaction as cleavage reaction under same 

condition. A reaction curve can be plotted to demonstrate the relation between ion 

concentration and velocity, from which the RNase P RNA can be studied. 

Similar titrations are also applied commonly, for instance, ST-kinetic test(RNase P 

RNA titration) and C5 titration(protein subunit titration) 

 

2.4. OH-ladder  

1X Alkaline hydrolysis buffer produced by Ambion company 8µl incubates with 2µl 

hot labeled model hairpin loop under 95℃ for 5 minute, then place it on ice and run 

PAGE gel with loading dye. The nucleotide chain will collapse under high pH 

condition and forms multiple bands on polyacrylamid gel. 
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3. Results 

3.1. Effect of 2’OH deletion 

The model hairpin loop pATSerCGGAAA is applied to explore the potential relation 

between model hairpin loop structure and selection of cleavage site. The deletion of 

the 2’OH group at -1N in the model hairpin loop has an obvious effect on 

miscleavage appearance (11). The same operation was applied to investigate the 2’OH 

group function of the other nucleotides in substrate. During the process, the model 

hairpin loop pATSerCGGAAA is applied to explore the potential relation between 

model hairpin loop structure and selection of cleavage site. The normal cleavage site 

will be phosphodiester hydrolysis between -1 and +1 position, and miscleavage 

usually refers to cleavage at -1 position(12). 

Since the reaction rate of RNase P RNA relies on Mg
2+

, so the experiment with 

modified pATSerCGGAAA is set up in Mg-titration, which can be used to calculate the 

reaction velocity afterwards (Figure 5)(18,20).  

  

 

 

 

 

 

Figure 5. a.-d. Mg titration of M1 RNA with pATSerCGGAAA (2’OH deletion on -2,+51,+52,+72 

position nucleotides ). Lane 1-6 are cleavage under different Mg
2+

 concentration, from left to 

right: 1200 mM, 900 mM. 600 mM, 300 mM, 150 mM, 75 mM, respectively. e. The nucleotide 

being modified for each modified substrate   

     -2           +51           +52      +72 
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From the result, modified model hairpin loops with 2’OH deletion perform 

miscleavage, which means the mutated points of these three model hairpin loops have 

been participated in the recognition process of the decoration of precursor tRNA. 

Especially the one with 2’OH deletion at -2, which the sequence is   

5’-GAUCUGAAC-1G+1GAGAGAGGGGGGAAACCCCCUCUCUCCG+73CCAC-3’     

shows different reaction velocity comparing with the others, similar to non-modified 

pATSerCGGAAA(Figure 6). However, the modified model hairpin loop with 2’OH 

deletion at +72, shows a normal cleavage mode which may be concerned as rescuing 

effect in the process. Unlike the M1 RNA reacting with pATSerCGGAAA, the modified 
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model hairpin structures with 2’OH deletion at +51, -2 do not have an dominant 

miscleavage rate, also indicates the specialty of these two point during the 

process(Figure 7). 

However, not all the modified model hairpin loops have been investigated. All the 

substrates are supposed to be the same sequence only except the mutated point, but 

from the cleavage experiment and following OH-ladder experiment, after the model 

hairpin loops have been treated by high pH and heat shock, they turn out to be 

different sizes and some of them do not have the mutated point. The modified 

nucleotide can not be separated apart from the substrate under the condition, so, there 

should be an absent band in every ladder (Figure 

8 b. 4
th

 band), and in fact there is not. 

 

Although the material problem eliminated what 

has been discovered, the righteousness of the 

method is indisputable. As soon as the problem 

is being solved, the research will be carried on. 

 

 

 

 

 

 

 

3.2. Function of catalytic domain and specificity domain 

 

Figure 8. a. From left pATSerCGGAAA with 

2’OH group deletion at +49, +51, +52.                   

b. From left pATSerCGGAAA with 2’OH group 

deletion at +49, +50, +51, +52, +72, +71 
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3.2.1. Catalytic domain 

Research on the influence of RNase P RNA and protein subunits on cleavage site 

recognition, was done on different model hairpin loops. Since the RPR divides into 

two particular domains, the principle of domain function exploration is switching of 

functional domains or modification in certain areas in one domain, and through the 

comparison with the performance of wild type RPRs, the difference will indicate the 

significance of functional domain or special area(18). To examine the function of 

catalytic domain of Pfu RPR, the comparison between wild type Pfu RPR and 

modified M1CPpfuSD1#6 has been carried out (Figure 8). 

 

 

 

 

From Figure 9. we can see that comparing with wild type Pfu RPR, M1CPpfuSD1#6 

reaction shows the same pattern of canonical cleavage. From which we can conclude 

that catalytic domain function is catalysis of reaction, but not recognition and 

location. 

Figure 9. Mg titration of M1CPpfuSD1#6. Substrate: a. pATSerUG; 

b. pATSerCGGAAA; c. pMini3bpUG. The concentration of Mg
2+

 every 

part lane 1-8:1650 mM, 1500 mM, 1200 mM, 900 mM, 600 mM, 300 

mM, 150 mM, 75 mM. Incubation time  a. 3 min b. 60 min c. 4 min                                                 

d. Pfu RPR reacting with pATSerUG, pATSerCGGAAA, pMini3bpUG 

+1 
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3.2.2. Specificity domain 

Similar method has been applied to the specificity domain. The modified RPR 

PfuCDM1SD,PfuCDM1SD#6 and Pfu RPR 210CGC have been used to study what would 

be the effect if modifications that take place on specificity domain 

(switching/elongation between domains/modification of significant area). These 

modified RPR reacted with several kinds of model hairpin loops, and performed 

different results(Figure 10). 

 

    

 

 

 

 

However, from Figure 10 a. lane1, when M1 RNA react with pATSerCGGAAA, an 

obvious miscleavage will happen, and modifications on the specificity domain(Pfu 

RPR 210CGC/ PfuCDM1SD/ PfuCDM1SD#6) will cause change of cleavage pattern 

comparing to what from Pfu RPR, and the modification of model hairpin 

loops(pATSerCGUUCG, pATSerCGCUUG) only affect reaction velocity but not the 

Figure 10. Substrate: a. pATSerCGGAAA b. 

pATSerCGUUCG c. pATSerCGCUUG; RNase P RNA for 

lane 1-5 of a/b/c: M1 RNA/Pfu RPR/Pfu RPR210CGC/ 

PfuCDM1SD/PfuCDM1SD#6  

 

pATSerCGGAAA    pATSerCGUUCG     pATSerCGCUUG 

+1   

-1 
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cleavage pattern, from which we draw a conclusion that the specificity domain affect 

the coupling of TBS/TSL binding.  

Another important discovery from the result is in Figure 10 a. part, the totally 

different result of PfuCDM1SD/ PfuCDM1SD#6 reacting with pATSerCGGAAA should be 

highlight, which the miscleavage of PfuCDM1SD rescued by PfuCDM1SD#6, while the 

only difference between these two structure is PfuCDM1SD#6 has 3 extra base pairs at 

the linkage part between specificity domain and catalytic domain. 

 

3.2.3. Protein subunits function 

After the protein subunits are involved in the 

experiment, according to the research that 

RPP21•RPP29 combine with specificity domain and 

POP5•RPP30 combine with catalytic domain, the 

function of protein subunits should be assisting their 

corresponding partners(18,21). The protein subunits 

have been arranged reacting with different 

combination of RPRs and model hairpin loops. 

However, complex RPP21•RPP29 show an enhanced 

function of disturbance to the correct cleavage site 

recognition.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 11. Lane 1: Pfu RPR+ pATSerCGGAAA                  

Lane 2: Pfu RPR+ RPP21• RPP29+ pATSerCGGAAA                                           

Lane 3: Pfu RPR+ RPP21•RPP29+ pATSerCGGAAA +C5 
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4. Discussion 

The TSL-TBS model of RNase P and model hairpin loop enzyme cleavage has been 

established to illustrate the interaction between RNase and precursor tRNA(5). 

Mutation on either model hairpin loop or RPR could result in error of cleavage, which, 

usually is observed as miscleavage, switching of canonical cleavage point (backward 

one nucleotide mostly) (18). Since the model hairpin loop can replace the complicated 

wild type tRNA precursor in research, the point modified model hairpin loops have 

been applied to the exploring of 2’OH group function in recognition. As the result 

above shows, certain model hairpin loops (e.g. model hairpin loop with 2’OH deletion 

at -2, +51, +52) showed us the validity of the assumption, not only the cleavage 

pattern, but also the cleavage rate has been affected by the mutation. The fact that not 

only one mutated point affects the recognition, suggests the possible conformation of 

RNAs during the reaction, which needs further investigation. 

 

From the exploration of catalytic domain, not only the function of catalytic domain is 

verified, but also it provides evidence for verification of specificity domain function. 

If focus on the phenomenon that PfuCDM1SD#6 rescued the miscleavage caused by the 

switching of specificity domain from M1 RNA, also take the miscleavage of M1 RNA 

with pATSerCGGAAA into consideration, the function of elongation at the linkage part 

looks attractive. From which a hypothesis can be established, that, between the two 

coupling sites, TBS/TSL and active center/ cleavage site, in another word, between 

the coupling of specificity domain with model hairpin loop and the coupling of 

catalytic domain with cleavage site, there could be a direct linkage exists. The 

modification of model hairpin loop (pATSerCG to pATSerCGGAAA) leads to 

miscleavage, however, this is rescued by an extension at non-functional part. This 

“measurement mechanism” needs further study and structural evidence to 

consummate the whole theory. 
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The final question is about the protein complex function. The disturbance of 

RPP21•RPP29 complex indicates that the protein subunits may have certain 

mechanism to carry out its function, which is now beyond what we know about it. 

Probably the protein subunits need some other restriction to correctly assist the 

recognition and cleavage reaction.  
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