
1	  
	  

  

                                                

 

                          ACCURACY OF TRANSFER RNA SELECTION IN PROTEIN SYNTHESIS 

 

 

 

 

 

 

 

 

 

 

Pema Choden Bhutia 

Degree Project Biology, Master of Science (2 Years)  

Examensarbete I biologi 30 hp till masterexamen , 2011 

Biology Education Centre and Department of Cell and Molecular Biology,  

Uppsala University 
 
Supervisor: Måns Ehrenberg     



2	  
	  

CONTENTS    

Abstract         …………………………………………………………………………   3 

1. Introduction   ……………………………………………………………………...    4 

1.1. Ribosome   ………………………………………………………………………    4  

1.2. Transfer RNA selection in bacterial protein synthesis …………………………..   5 

1.3. Kinetics of the ribosomal tRNA selection in the protein synthesis ……………      5 

2. Aim    ………………………………………………………………………………   6 

3.  Result   …………………………………………………………………………….   7 

4. Discussion   ……………………………………………………………………….     22 

4.1. Cell free Translation system …………………………………………………….    22 

4.2. Ribosome activity ………………………………………………………………...  23 

4.3. Characterization of transfer RNA selection for wild type ribosome and ribosomal  

  mutant in a biochemical assay    ……………………………………………………    24 

5. Conclusion     ……………………………………………………………………       24                                                                                                                   

6. Methods and Materials ……………………………………………………………    25 

6.1. Polymerase chain reaction   and Primer Sequences …………………………..       25 

6.2. Preparation of mRNA     ……………………………………………………….      26 

6.3. Purification of mRNA …………………………………………………………       27 

6.4. Chemicals and buffers …………………………………………………………       27 

6.5. Growth of accuracy mutant and wild type bacterial cells ……………………         27      

6.6. Preparation of ribosomes         …………………………………………………       28 

6.7. Dipeptide formation ribosome activity assays. ……………………………….         28 

6.8. Measurement of dipeptide formation rate for the cognate reaction …………..         29 

6.9. Measurement of dipeptide formation rate for the near cognate reaction. ………      30 

7. Acknowledgements    …………………………………………………………..          32           

8. References         …………………………………………………………………         33         

9. Abbreviations              ………………………………………………………….          35 



3	  
	  

 

                                                   Abstract  

 

The ribosome is a rapid magnificent molecular machine that plays an important role in protein 
synthesis and it consists of RNA and protein. The 70S bacterial ribosome comprises two 
subunits, 30S and 50S. The 30S small subunit of the bacterial ribosome contains a protein called 
S12, encoded by the rpsL gene. The function of this S12 protein is to help arrange the mRNA 
correctly to the ribosome and to interact with transfer RNA (tRNA) to initiate translation. 
Mutations in the rpsL gene generate phenotypes like resistance, dependence or pseudo-
dependence to the antibiotic streptomycin in bacteria. It is believed that mutations in the rpsL 
gene can increase the accuracy of tRNA selection in protein synthesis. The ribosome conducts 
the selection of tRNA in two steps: the initial selection and the proofreading step. During these 
multiple steps, the ribosome chooses the cognate aminoacyl-tRNAs in a ternary complex with 
EF-Tu and GTP and accommodates in the A site of ribosome. The correct match between the 
codon and anticodon bring the conformational changes of the ribosome, aminoacyl-tRNA (aa-
tRNA) and EF-Tu, eventually leading to the activation of GTPase on EF-Tu and the hydrolysis 
of GTP. However, if there is a single base pair mismatch between the codon and anticodon, that 
is, the aminoacyl-tRNA is near cognate, then no conformational changes occurs, which 
ultimately lead to slow down the GTPase activation of EF-Tu, resulting in the rapid detachment 
of near cognate ternary complex from the ribosome, while cognate ternary complex remain 
bound to the ribosome very tightly and further participate in peptidyl transfer step in protein 
synthesis. Therefore, the accuracy of the ribosome in selection of cognate aminoacyl-tRNA is 
crucial for the production of functional polypeptide sequences. Here, three different Escherichia 
coli strains; wild type MG1655, streptomycin restrictive (SmR) strain res222, and a streptomycin 
pseudo-dependent (SmP) strain w3110 are used, for studying the accuracy of tRNA selection in 
protein synthesis. The mutant SmR shows hyper-accurate phenotype, which means, it has lower 
peptide bond formation efficiency and higher accuracy than the wild type. SmP shows pseudo-
dependent to streptomycin phenotype which means it has higher peptide bond formation 
efficiency in the presence of antibiotic streptomycin than the wild type. I have estimated the 
accuracy of tRNA selection in protein synthesis with enzyme kinetics. The kinetics data of these 
experiments display that mutant streptomycin restrictive is hyper-accurate and lower peptide 
bond formation efficiency than the wild type. SmP for the near cognate reaction in presence of 
antibiotic streptomycin has higher peptide bond formation efficiency than the SmP in absence of 
antibiotic streptomycin. SmP in presence antibiotic streptomycin has lower accuracy than the 
SmP in absence of antibiotic streptomycin.    
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        1. Introduction  

 

    1.1. Ribosome  

     The ribosome is a crucial magnificent molecular machine that plays an important role in 
decoding mRNA sequences into functional polypeptide sequences. Though there are some 
differences between eukaryote and prokaryotic ribosome, most steps of protein synthesis in 
both cases take place in the similar manner (Kumar. V. et al., (2010)). My work has been 
carried out exclusively with mutant ribosomes from the bacteria E.coli, and provides 
information that primarily concerns accuracy of tRNA selection in bacterial protein synthesis. 
The bacterial 70S ribosome comprises two subunits: the 30S and 50S subunits. It has three 
tRNA binding sites (i) A site for binding aa-tRNA, (ii) P site for peptidyl-tRNA, (iii) E site 
where free tRNA binds and later exits from the ribosome (reviewed in Ramakrishnan. V., 
(2002)). Ribosomes consist of RNA and protein. The 30S small subunit of the bacterial 
ribosome contains a protein called S12, encoded by the rpsL gene. It is also believed that 
mutations in the rpsL gene can increase the accuracy of tRNA selection in protein synthesis 
(Ogle. J.M., Ramakrishnan. V., (2005)).The rpsL gene mutation in a bacteria E.coli is to 
develop resistance towards the antibiotic streptomycin. The bacterial strains’ bearing this 
mutation shows the phenotypes restrictive to streptomycin, dependent to streptomycin or 
pseudo-dependent to streptomycin. (Björkman. J. et al., (1999)). 

 

    1.2. Bacterial strains 

    Wild type E.coli MG1655, mutant SmR res222, SmP w3110 strains are used, for studying the 
accuracy of tRNA selection in protein synthesis. Cells were grown in the Luria–Bertani (LB) 
medium.   

     A bacterial strain res222 which shows a phenotype resistance to streptomycin bears mutation 
Lysine→Thronine substitution at position 42 in protein S12 .SmR res222 has lower peptide 
bond formation efficiency and has higher accuracy than the wild type bacteria (Ruusala. T. et 
al., (1984)) and the bacterial strain w3110 bears rpsL R865 and P91Q mutations with allele 
ZHD-126:: TH 10 . SmP w3110 in absence of antibiotic streptomycin has lower peptide bond 
formation efficiency and higher accuracy than the wild type, but in presence of antibiotic 
streptomycin, it shows a lower accuracy and higher peptide bond formation efficiency than 
the wild type (Ruusala. T. et al., (1984)). 
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 1.3. tRNA selection in bacterial protein synthesis 

    The ribosome conducts the selection of transfer RNAs in bacterial protein synthesis, which 
occurs in two steps: (i) initial selection and (ii) proofreading step. The hypothesis is proposed by 
Hopfield (1974) and Ninio (1975). In the initial selection step cognate and near-cognate ternary 
complex bind to the ribosome and the correct match between codon and anticodon brings the 
conformational change in the ribosome, aa-tRNA and EF-Tu, which in turn activate the GTPase 
to hydrolyze the GTP present on EF-Tu (Hetrick. B. et al., (2010)) But if there is mismatch 
between codon and anticodon then no conformational change in the ribosome, aa-tRNA and EF-
Tu, and the GTPase activation step slows down, which results in rapidly detachment of near 
cognate ternary complex from the ribosome before the hydrolysis of GTP on EF- Tu, while 
cognate ternary complex remain strongly bound to the ribosome. This irreversible GTP 
hydrolysis step separates the initial selection step from the proofreading step. In the 
proofreading step, the cognate aa-tRNA accommodates in the A site of 50S ribosomal subunit 
and this accommodation step is rapid and efficient (Wohlgemuth. I. et al., (2010)). Therefore, 
the accuracy of ribosome to select the cognate codon in both the steps of tRNA selection is 
crucial for the production of functional polypeptide sequences. The accuracy of tRNA selection 
can be easily understood from Michaelis –Menten kinetics. 

                                                         

1.4. Kinetics of the ribosomal tRNA selection in the protein synthesis 

Here, I have evaluated the effective rate constant kcat/Km for both the cognate and near cognate 
product formations in the different reactions. This kcat/Km  is crucial for the analysis of accuracy 
of tRNA selection in protein synthesis. 

 In relation to the Michaelis –Menten kinetics,   

  If Km >> [S] then rate of the product formation is given by 

    k = [S] . kcat/Km   

     k / [S] = kcat/Km  

k is the rate constant for the product formation, [S] is the substrate concentration and Km  is the 
Michaelis –Menten constant, defined as the substrate concentration at which the reaction rate is 
half of the maximum rate kcat. 

Here in this experiment, [S], the ternary complex concentration is 1 µM which is below Km, 

Hence rate is determined by [S] . kcat/Km         
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kcat/Km value is an association rate constant for the binding of a specific substrate to the specific 
enzymes, times the probability to form the  product from the bound substrate.  Subsequently, the 
comparisons of these two values kcat /Km for both the cognate and near cognate product forms can 
be used, to calculate the accuracy of tRNA selection in protein synthesis (Johansson. M. et al., 
(2008)).   

Hence, accuracy of tRNA selection is defined as a ratio between the effective rate constant 
(kcat/Km) of both the cognate and near cognate product forms: 

                 

                             (kcat /Km ) cognate                                                                                                            

                Accuracy =      ______________    

                                          (kcat /Km )near cognate 

  

2. Aim 

The aim of the study is to grow wild type and mutant E.coli. From these bacterial cells ribosomes 
are isolates and these isogenic and mutant ribosomes are isolated, for the characterization of 
tRNA selection in the kinetic assays and to estimate the accuracy of tRNA selection in protein 
synthesis.  
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3. Results  

3.1. Purification of mRNA  

mRNA was purified in Poly (dT) column. Sample was loaded to the column, where mRNA binds 
to the poly T tag attached to the column because mRNA has a poly A tail. The other components 
(UTP, CTP etc) do not have poly A tail, will not bind to the column and at a high salt 
concentration of washing buffer TEN 500 (20 mM tris buffer [pH 7.5], 0.5 mM EDTA, 500 mM 
NaCl) will flow through the column. mRNA is eluted with the elution buffer TEN 0 (20 mM tris 
buffer [ pH 7.5], 0.5 mM EDTA). The low salt concentration in the elution buffer weakens the 
binding between the mRNA and poly (dT) column. See purification profile below (Fig. 3.1.A 
and Fig.3.1.B).  

 

Fig. 3.1.A 

 

                  1st peak nucleotides                                                   2nd peak mRNA 

 

mRNA purification profile showing a mRNA AAA (Lys) separation.   
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Fig 3.1.B 

 

1st large peak nucleotides                               2nd small peak mRNA  

 

mRNA purification profile showing an mRNA GAA (Glu) separation. 

 

3.2. Determination of mRNA concentration 

mRNA sample was diluted 200 times and optical density at 260 nm was checked. mRNA AAA 
(Lys) gave OD 0.395 and mRNA GAA (Glu) gave OD 0.174. From the mRNA lengths, 84 
bases, the concentration of mRNAs were calculated to 113 µM and 50 µM respectively.  
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3.3. Ribosome purification  

Ribosomes were purified in sucrose gradient (50% to 10%) by zonal centrifugation (buffer 
ingredients see in methods and materials section). In this zonal centrifugation 70S Ribosomes 
come out early as shown in the profile below. Wild type strain MG1655 profile shows that the 
separation of 70S from the 50S peak was not good, there were only two peaks, and fractions 8, 
9,10,11,12 were collected from the 1st bigger peak (Fig 3.3.A). SmP strain w3110 was not 
showing any separation at all, so fractions 1, 2,3,4,5 were collected and checked the activity of 
the ribosome (Fig 3.3.B), SmR res222 profile was showing a good separation. There were three 
peaks, one big and two small peaks and fractions 2,3,4,5,6,7,8 were collected from the 1st peak 
(Fig 3.3.C).   

 
Fig 3.3.A 

 

                                                                      70S ribosome peak             30S ribosome peak 

The wild type strain MG1655 ribosome profile showing a separation of 70S and 30S. 
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Fig 3.3.B 

  

 

Ribosome purification profile of SmP w3110 was not showing any separation of 70S ribosome 
and 50S ribosome.  
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Fig 3.3.C 

 

                                                        1st peak 70S ribosome           2nd peak 50S        3rd peak 30S  

 

SmR res222 ribosome profile shows a good separation of 70S ribosome from the 50S and 30S 
ribosomes. 
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3.4 Ribosome activity determination by dipeptide formation assay 

Dipeptide formation assay is an estimation of the peptidyl transferase activity of the ribosome. 
Here, concentration of f[3H]Met-tRNAfMet was 0.5 µM and ribosome concentration was 0.25 
µM. For wild type strain, res222 strain and w3011 strain, 15%, 10% and 39% of f[3H]Met-
tRNAfMet was found in dipeptides, estimating the ribosome activities as 30%, 20%, and 78% 
respectively. Here, SmR and wild type shows lower ribosome activity and the ribosome activity 
below 50% is considered as a low activity. 

 

3.5. Characterization of tRNA selection for wild type ribosome and ribosomal mutants in 
biochemical assays. 

To estimate the accuracy of tRNA selection in the protein synthesis, kinetic experiments were 
performed with the ribosomes, which was isolated from the wild type bacterial cell MG1655 and 
the other two mutant strains SmR and SmP. Experiments were conducted in two different 
reactions: (3.5.A) Dipeptide formation rate for the cognate reaction and (3.11.B) Dipeptide 
formation rate for the near cognate reaction. 

 

 3.5. A. Dipeptide formation rate for the cognate reaction  

The dipeptide formation at different incubation times after mixing the Lys-tRNALys.EF-Tu.GTP 
ternary complex with the initiated 70S ribosomes programmed mRNA, carrying a cognate Lys 
codon (AAA) accommodates in the A site and f[3H]Met-tRNAfMet accommodates in the P site  
and was analyzed by using quench flow technique. The experiment was conducted at 37 o C, with 
rate limiting ternary complex concentration 1 µM which is below Km. The rate constant of 
dipeptide formation value kcat/Km shown below (table: 1 ), was evaluated by fitting the data to a 
single exponential equation (Fig 3.11.A). Km is much higher than 1 µM, why the rate is 
determined by the concentration (conc.) of ternary complex multiplied by kcat/Km. The evaluated 
kcat/Km value of wild type strain was 13 µM-1s-1, SmR strain 6.7 µM-1s-1 and SmP in presence of 
antibiotic streptomycin 0.23 µM-1s-1 which is little higher than the SmP in absence of antibiotic 
Streptomycin 0.14 µM-1s-1. Wild type has higher peptide bond formation efficiency than the 
SmR. Here, somewhat strange, SmP in presence of antibiotic streptomycin was showing a very 
low efficiency. 
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Table: 1 

Kinetic parameters of the three different ribosomes at rate limiting ternary complex in the 
cognate reaction 

Phenotype Strains k (s-1)  Lys-tRNALys.EF-Tu.GTP (µM) kcat/Km (µM-1s-1)  
Wild type MG1655 13 1  13 
SmR Res222 6.7 1  6.7 
SmP (without 
antibiotic sm ) 
200 µg/ml) 

W3110 0.23 1  0.23 

SmP (with 
antibiotic sm) 
200 µg/ml 

W3110 0.14 1  0.14 

 

Fig 3.5.A (a) 

 

Figure 3.5.A (a) Wild type MG1655 70S ribosome programmed mRNA, carrying a cognate Lys 
codon (AAA). The rate constant for cognate peptide bond formation is plotted versus different 
time points. Here, f[3H]Met-tRNAfMet conc. was 1 µM, ribosome conc. was 0.75 µM, EF-Tu 
conc. was 1  µM, Lys-tRNALys conc. was 2 µM. 
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Fig 3.5.A (b) 

  

Figure 3.5.A (b) SmR res222 70S ribosome programmed mRNA carrying a cognate Lys codon 
(AAA).The rate constant for cognate peptide bond formation is plotted versus different time 
points. Here, f[3H]Met-tRNAfMet conc. was 1 µM, ribosome conc. was 0.75 µM, EF-Tu  conc. 
was 1  µM, Lys-tRNALys conc. was 2 µM. 
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  Fig 3.5.A (c) 

 

 

Figure 3.5.A (c) SmP w3110 70S ribosome programmed mRNA carrying a cognate Lys codon 
(AAA) in presence of antibiotic streptomycin. The rate constant for cognate peptide bond 
formation is plotted versus different time points. Here, f[3H]Met-tRNAfMet conc. was 1 µM, 
ribosome conc. was 0.75 µM, EF-Tu conc. was 1 µM, Lys-tRNALys conc. was 2 µM. 
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Fig 3.5.A (d) 

 

Figure 3.5.A (d) SmP w3110 70S ribosome programmed mRNA carrying a cognate Lys codon 
(AAA) in absence of antibiotic streptomycin. The rate constant for cognate peptide bond 
formation is plotted versus different time points. Here, f[3H]Met-tRNAfMet conc. was 1 µM, 
ribosome conc. was 0.75 µM, EF-Tu conc. was 1 µM, Lys-tRNALys conc. was 2 µM. 
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3.5. B. Dipeptide formation rate for the near cognate reaction  

Ternary complex Lys-tRNALys.EF-Tu.GTP was mixed with initiated 70S ribosomes programmed 
with mRNA, containing near cognate Glu codon (GAA) in the A site, with rate limiting ternary 
complex concentration 4 µM. The reactions were quenched at different time points by the 
addition of formic acid. The overall rate constant for peptide bond formation was calculated by 
fitting the data to a single exponential equation .The estimated values of kcat/Km display that the 
SmR has lower peptide bond formation efficiency than the wild type and streptomycin pseudo- 
dependent. Calculated kcat/Km value shows that SmP mutant in presence of antibiotic 
streptomycin has higher peptide bond formation than the SmP in absence of antibiotic 
streptomycin.  

 

Table: 2 

Kinetic parameters of the three different ribosomes at rate limiting ternary complex in the 
near cognate reaction  

 

Phenotype Strains k (min-1) Lys-tRNALys.EF-Tu.GT  (µM) kcat/Km   (µM-1s-1) 
Wild type MG1655 0.03 4  1.3 X10-4 
SmP (with antibiotic  
sm) 200 µg/ml 

w3110 0.17 4  7 X10-4 

SmR res222 0.01 4  4.1X10-5 
SmP (without 
antibiotic sm) 200 
µg/ml 

w3110 0.009 4  3.7X10-5 
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Fig 3.5.B (a) 

                

 

     

Figure 3.5.B (a) Wild type MG1655 70S ribosome programmed mRNA carrying a near cognate 
Glu codon (GAA) .The rate constant for near cognate peptide bond formation is plotted versus 
different time points. Here, f[3H]Met-tRNAfMet conc. was 0.15 µM, ribosome conc. was 0.50 
µM, EF-Tu conc. was 4 µM, Lys-tRNALys conc. was 6 µM. 
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Fig 3.5.B (b) 

  

Figure 3.5.B (b) SmR res222 70S ribosome programmed mRNA containing near cognate Glu 
codon (GAA). The rate constant for near cognate peptide bond formation is plotted versus 
different time points. Here, f[3H]Met-tRNAfMet conc. was 0.15 µM, ribosome conc. was 0.50 
µM, EF-Tu conc. was 4 µM, Lys-tRNALys conc. was 6 µM. 
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Fig 3.5.B (c) 

   

 

 

 

 

  

 

 

Figure 3.5.B(c) SmP w3110 70S ribosome programmed mRNA containing near cognate Glu 
codon (GAA) in absence of Sm. The rate constant for near cognate peptide bond formation is 
plotted versus different time points. Here, f[3H]Met-tRNAfMet conc. was 0.15 µM, ribosome 
conc. was 0.50 µM, EF-Tu conc. was 4 µM, Lys-tRNALys conc. was 6 µM. 
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Fig 3.5.B (d)        

 

                    

 

                            

Figure 3.5.B (d) SmP w3110 70S ribosome programmed mRNA containing near cognate Glu 
codon (GAA) in presence of sm. The rate constant for near cognate peptide bond formation is 
plotted versus different time points. Here, f[3H]Met-tRNAfMet conc. was 0.15 µM, ribosome 
conc. was 0.50 µM, EF-Tu conc. 4 µM, Lys-tRNALys conc. was 6 µM. 
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3.6. Accuracy traits of the three ribosomal phenotypes, MG1655 WT, res222 SmR and 
w3110 SmP (presence and absence of antibiotic streptomycin conc 200 µg/ml) 

The estimated kcat/Km values of both the cognate and near cognate reactions were used to 
estimate the accuracy of all the bacterial strains. Here, it was observed that SmR has highest the 
accuracy 1.6 X105, among all the three bacterial strains and then followed by the wild type with 
accuracy 1X105. SmP in absence of antibiotic streptomycin was showing higher accuracy 
6.2X103 than in presence of antibiotic streptomycin accuracy was 2X102. 

 

Table: 3 

Accuracy traits of the two ribosomal mutants and wild type 

Phenotype Strains  kcat/Km  (µM-1s-1) 
  (near cognate) 

kcat/Km (µM-1s-1) 

(cognate)   
  (kcat/Km)cognate/(kcat/Km)near cognate 
   = Accuracy  

Wild type MG1655 1.3 X10-4 13 1 X105 
SmR Res222 4.1X10-5 6.7 1.6X105 
SmP (without 
antibiotic sm) 
200 µg/ml 

w3110 3.7X10-5 0.23 6.2X103 

SmP (with 
antibiotic sm) 
200 µg/ml 

w3110 7 X10-4 0.14 2X102 
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4. Discussion  

4.1. Cell free Translation system   

It is a unique system for studying protein synthesis in vitro. For this system, all known pivotal 
players in translation are purified. The system includes; Elongation factor EF-Tu, elongation 
factor EF-Ts, initiation factor IF1, IF2, IF3, aminoacyl-tRNA synthetases (synthetases for 
charging one amino acid on its corresponding tRNAs), synthetic mRNA and tRNAs. The favor 
of such purified system is that we can start and stop the translation at various steps and can also 
control the exact amount of components to be included in an experiment. To quantify the 
reaction progress in the various samples, radioactive labeled substrates are used. The reactions 
are often very fast, so it is not possible to start and stop the reactions manually by pipeting. For 
this purpose, a quench-flow instrument was used. It is a rapid computer controlled motor pushing 
the reactant in thin tubing allowing them to react only at preset time and then quenching by 
adding liquid e.g. formic acid.    

4.2. Ribosome activity in a dipeptide formation assays 

The ribosomes purified from bacterial strains wild type and SmR had low ribosomes activity of 
30% and 20%, this is probably because the separation of ribosome peaks were not good and the 
fractions collected from the 1st bigger peak 70S ribosome also contained the 50S ribosome. This 
might lower the activity of 70S ribosome since the 70S concentration would be over-estimated. 
Another possible reason for the low activity is due to contamination of ribosome while handling 
the samples.    

 

4.3. Characterization of tRNA selection for wild type and ribosomal mutants in 
biochemical assay 

Here, we report the detailed data of biochemical assays of mutant ribosomes and wild type 
ribosome in accuracy of tRNA selection in protein synthesis. The results show that the mutant 
ribosome SmR has higher accuracy 1.6X105 than the wild type accuracy 1X105 and SmP 
6.2X103. In cognate reaction, the estimated rate constant of dipeptide formation for wild type 
kcat/Km was 13 µM-1s-1. This was 2 fold more than the SmR kcat/Km 6.7 µM-1s-1, meaning wild 
type has higher peptide bond formation efficiency. It also indicates that decrease in the ribosome 
efficiency for a peptide bond formation increases the accuracy of SmR (Ruusala. T. et al., 
(1984)). In the near cognate reaction, SmP in presence of antibiotic streptomycin shows higher 
peptide bond formation efficiency than the SmP in absence of antibiotic streptomycin. SmP in 
presence antibiotic streptomycin has lower accuracy 2X102than the SmP in absence of antibiotic 
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streptomycin accuracy 6.2X103. It indicates that antibiotic streptomycin has stimulated the 
ribosome efficiency for a peptide bond formation in SmP.  

 

5. Conclusion  

 I concluded that streptomycin restrictive strain is hyper-accurate and has lower peptide 
formation efficiency than the wild type. SmP in presence of antibiotic streptomycin was showing 
higher peptide bond formation than the SmP in absence of antibiotic streptomycin in the near 
cognate reaction. It indicates that the antibiotic streptomycin has stimulated the ribosome 
efficiency for a peptide bond formation in SmP. SmP has lower accuracy than wild type and 
SmR. 
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6. Methods and materials   

6.1 Polymerase chain reaction (PCR) 

PCR was run to amplify a design primer METI UaaRev GAA 007 and UniXR Forward primer to 
produce a double stranded DNA, for the preparation of new synthetic mRNA displaying codon 
GAA (Glu). PCR reaction shown below: 

Table: 4 

Components  Stock  Final concentration  (Volume µl) 

H20   399.95 

METIUaaRev GAA 100 µM 1.5 µM 7.50 

UniXR Forward  165 µM 1.5 µM 4.55 

PCRbuffer 10x(KCl) 10 x 1 x 50.00 

MgCl 25 mM 1.5 mM 30.00 

dNTPs mix 25 mM 0.2 mM 4.00 

Taq-pol (Fermentas)  5 U/µl  4.00 

 

Primer sequence 

Complementary region 

mRNA starts 

Peptide encoded 

SD  

UniXRforw 
5'-
GGTACCGAAATTAATACGACTCACTATAgggAATTCGGGCCCTTGTTAACAATTAAGG
AGGTATACTATG 

METIuaaRevGAA-tGlu 

5'-
tttttttttttttttttttttCTGCAATTAaatcgtttccatAGTATACCTCCTTAATTGTTAACAAGGGCCCG  
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Program (PCR) 

95 ° C 3 min Initial Denaturation 
95 ° C 30 s Denaturation 
48 ° C 30 s Annealing 
   
72 ° C 1 min Elongation 

 
 
 
Loop (30x): 

72 ° C 5 min Final elongation 

 
 
 
cycles 30 

 

6.2. Preparation of mRNA 

Transcription mixture contained PCR product, TMS 22 10x, T7 Polymerase, 50x DTE, UTP, 
CTP, ATP, GTP (Final conc. see table: 5) was incubated at 37 o C water bath for 4 hours, in 
order to synthesized mRNA. After 4 hours, sample was extracted with phenol [pH 7.0] and then 
treated with chiasm (isoamylalcohol) to remove phenol trace. After that it was precipitated by 
adding 50µl of 3M NaOAc [pH 5.1] and 1250 µl of 95% ethanol. The sample was stored in -20 o 

C overnight.  

Table: 5  

Components  Stock  Final 
concentration  

Volume(µl)  

H20   2717.23 

DNA( half PCR)   50.00 

TMS 22 10x 10 x 1 x 400.00 

Triton  2% 0.01% 20.00 

50x DTE 50 mM 1 mM 80.00 

UTP 100 mM 4 mM 192.77 

CTP 100 mM 4 mM 160.00 

GTP 100 mM 4 mM 160.00 

ATP 100 mM 4 mM 160.00 

T7 Polymerase 100 µM  20.00 

PPiase 1 µg/µl  40.00 
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6.3. Purification of mRNA: 

The Poly (dT) column (oligo(dT) cellulose from Sigma) was washed quickly with 0.1 M KOH 
(The resin should not stay in OH- longer than 20 min), and it was equilibrated with TEN 500 
buffer (20 mM Tris-HCl pH 7.5, 0.5 mM EDTA, 0.5 M NaCl. The sample was pelleted by 
centrifugation for 15 min at 4000 rpm. The pellets were washed with 70% ethanol and dissolved 
in TEN 500 buffer and loaded to the column. The mRNA was eluted with TEN 0 buffer (20mM 
Tris and 0.5mM EDTA). 

6.4. Chemicals and Buffers 

Phosphoenolpyruvate (PEP), Myokinase (MK), Pyruvate Kinase (PK), Putrescine, Spermidine, 
and non radioactive amino acids were from Sigma Aldrich, Polymix buffer (shown below). 

Polymix buffer  

Components Stock 

KCl                                95 mM 
NH4Cl 5 mM 
Mg[OAc]2 5 mM 
CaCl2 0.5 mM 
Putrescine 1 mM 
Spermidine 0.5 mM 
Potassium phosphate [pH7.5] 5 mM 
DTE 1 mM 
 

 

6.5. Growth of accuracy mutants and wild type bacterial cells 

The bacterial strains Escherichia coli MG1655 wild type, SmR res222 was grown in the luria-
Bertani medium at 37 o C. OD was measured at 600 nm. SmP w3110 was grown in the LB 
medium containing an antibiotic streptomycin conc. 100 µg/ml until 1.1 OD. The bacterial cells 
were pelleted by centrifugation (5000 rpm for 20 min) and then frozen in liquid nitrogen. The 
sample was stored in – 80 o C. 
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6.6. Preparation of Ribosome 

Bacterial cells from MG1655, res222 and w3110 (30g, wet weight) were opened in  200 ml of  
opening buffer (20 mM Tris-HCl [pH 7.5], 100 mM NH4Cl, 10 mM magnesium acetate, 0.5 mM 
EDTA, 3 mM 2-mercaptoethanol), DNAase1 (0.3 µg/ml, RNAase free GE Healthcare) by 
French press. The cells were centrifuged in a Sorvall RC6 SS34 rotor (17,000 rpm, 30 min). The 
supernatant was applied in 11 ml portions on 11 ml of sucrose cushion (1.1 M sucrose in 20 mM 
Tris-HCl [pH7.5], 0.5 M NH4Cl, 10 mM magnesium acetate, 0.5 mM EDTA, 3 mM 2-
mercaptoethanol) and centrifuged in a Ti 50.2 rotor (18-19 hr, 28,000 rpm). The ribosome pellets 
were washed, dissolved in the washing buffer (20 mM Tris-HCl [pH 7.5], 0.5 M NH4Cl, 10 mM 
magnesium acetate, 0.5 mM EDTA, 3 mM 2-mercaptoethanol) and subjected to another  sucrose 
cushion centrifugation in Ti 50.2 rotor (28,000 rpm, 18 hr). Pellets were washed, dissolved in the 
overlay buffer (20 mM Tris-HCl [pH 7.5], 60 mM NH4Cl, 5.25 mM magnesium acetate, 0.25 
mM EDTA, 3 mM 2-mercaptoethanol), and 70S ribosome was purified in sucrose gradient (10% 
to 50%,) by zonal centrifugation in Beckman Ti 15 rotor (15 hr, 28,000 rpm). The 70S peak was 
collected and centrifuged in Ti 50.2 rotor (35,000 rpm, 24-30 hr) and the ribosomes were 
pelleted and resuspended in polymix buffer in small portions and frozen in liquid nitrogen. The 
ribosomes were stored in   ̶ 80 o C.  

 

6.7. Dipeptide formation ribosome activity assay. 

Initiated ribosomes, was prepared by incubating ribosome mixture at 37 o C for 10 min. 
Ribosome mixture contained 70S ribosome, f[3H]Met-tRNAfMet, mRNA XR7 carrying codon 
AAA, IF2, IF3, IF1. Lys-tRNALys.EF-Tu.GTP ternary complexes were prepared by incubating 
ternary complex mixture at 37 o C for 10 min. Ternary complex mixture contained tRNALys, EF-
Tu, EF-Ts and Lysine. In addition, both the mixtures contained GTP, ATP, PEP, PK, MK (Final 
concentrations see table: 6). The reaction is started by mixing the equal volumes of initiated 
ribosomes and ternary complexes in a temperature still at 37 o C for 10 Sec, and the reaction is  
stopped by the addition of quench liquid (50% Formic acid). The extent of dipeptide formation 
was analyzed by RP-HPLC (column was a LiChrosper 100 RP-18). 
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Table: 6                                                               
 
                   
RM                                                                                         FM 

 
 
 

 
 
*EF-Ts 217 µM stock and volume added was 0.50 µl   

*LysRS 140 µM stock and volume added was 0.40 µl 

 

 

6.8. Measurement of dipeptide formation rate for the cognate reaction 

A Ribosome mixture was prepared by incubating 70S ribosomes, f[3H]Met-tRNAfMet, mRNA 
XR7 carrying codon AAA, IF2, IF3, IF1 (final concentration,  see table: 7) for 10 min at 37 o C in 
order to form initiated ribosomes. A ternary complex mixture containing tRNALys, EF-Tu, EF-Ts 
and Lysine (final concentration see table: 7) was incubated at 37 o C for 10 min in order to form 
Lys-tRNALys.EF-Tu.GTP ternary complexes. The two mixtures were rapidly mixed in a 
temperature–controlled quench flow instrument (RQF-3, Kin Tek Corporation) and the reaction 
is stopped by the addition of quench liquid (50% Formic acid) at different time points. The 
dipeptide formation was analyzed by RP-HPLC (column was a LiChrosper 100 RP-18). 

                                                                     
 

Component s Stock Final conc. 
H2O   
10xPM 10 x 1x 
20xKP 20 x 1x 
50xDTE 50 mM 1 mM 
GTP  50 mM 1 mM 
ATP  50 mM 1 mM 
PEP  200 mM 10 mM 
mRNA AAA 47 µM 0.5 µM 
PK sigma  5 µg/ml 0.05 µg/ml 
*MK  0.2 µg/ml 0.002 µg/ml 
*70S_wt 24 µM 0.25 µM 
*IF1 65 µM 0.5 µM 
*IF3 100 µM 0.5 µM 
*IF2 50 µM 0.25 µM 
*3H-
fMet_Ray3 1:5 

48 µM 0.5 µM 

Components Stock Final conc. 

H2O   
10xPM 10 x 1 x 
20xKP 20 x 1 x 
50xDTE 50 mM 1 mM 
GTP  50 mM 1 mM 
ATP  50 mM 1 mM 
PEP  200 mM 10 mM 
Lys 20000 µM 200 µM 
PK sigma  5 µg/ml 0.05 µg/ml  
*MK  0.2 µg/ml 0.002 µg/ml 
*EF-Tu  288 µM 1 µM 
*tLys  28 µM 2 µM 
*LysRS 140 µM  

*EF-Ts 217 µM  
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Table: 7    
    
 RM                                                                                       FM 
Components Stock Final conc. 

  H2O   
10xPM 10 x 1 x 
20xKP 20 x 1 x 
50xDTE 50 mM 1 mM 

 GTP  50 mM 1 mM 
 ATP  50 mM 1 mM 

PE  PEP 200 mM 10 mM 
mRNA AAA 47 µM 0.5 µM 
PK sigma  5 µg/ml 0.055 µg/ml 

 *MK 0.2 µg/ml 0.0022 µg/ml 
 *70S_wt 24 µM 0.75 µM 
 *IF1 65 µM 0.5 µM 
 *IF3 100 µM 0.5 µM 
 *IF2 50 µM 0.25 µM 
*3H-fMet_Ray3 1:10 14.8 µM 1 µM 
 

  

 *EF-Ts 200 µM stock and volume added was 0.50 µl   

*LysRS 140 µM stock and volume added was 0.40 µl 

 

6.9. Measurement of dipeptide formation rate for the near cognate reaction  

A ribosome mixture containing 70S ribosome, f[3H]Met-tRNAfMet, mRNA XR7 carrying codon 
GAA, IF2, IF3, IF1 (final concentration,  see table: 8) was incubated for 10min at 37 o C in order 
to form initiated ribosomes. In order to form Lys-tRNALys.EF-Tu.GTP ternary complexes, a 
ternary complex mixture containing tRNALys, Lysine, EF-Ts and EF-Tu (final concentration see 
table: 8) was incubated at 37 o C for 10 min. The two mixtures were mixed in equal volumes in a 
temperature still at 37 o C. The reactions were stopped by the addition of quench liquid (50% 
formic acid) at different time points. The dipeptide formation was analyzed by RP-HPLC 
(column was a LiChrosper 100 RP-18). 

 

 

 

Components   Stock      Final conc. 
  H2O   
  10xPM 10 x 1 x 
  20xKP 20 x 1 x 
  50xDTE 50 mM 1 mM 

   GTP  50 mM 1 mM 
 ATP  50 mM 1 mM 
 PEP  200 mM 10 mM 
 Lys 20000 µM 200 µM 
 PK sigma  5 µg/ml 0.05 µg/ml 
 *MK  0.2 µg/ml  0.002 µg/ml 
 *EF-Tu 288 µM 1 µM 
 *tLys_110203 85.6 µM 2 µM 
 *LysRS 140 µM  
 *EF-Ts 200 µM  
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Table: 8  

 RM                                                                              FM 

 
 

 

*EF-Ts 200 µM stock and volume added was 0.25 µl   

*LysRS 140 µM stock and volume added was 0.2 µl. 

 

 

6.10. Curve fitting Program for both the cognate and near cognate reaction 

The rate constant of dipeptide formation value was evaluated by fitting the data to a single 
exponential equation. Data was analyzed in software program called origin. Curve fitting in 
origin program is performed by the non linear regression.  

 

 

 

 

Components    Stock  Final conc. 
H2O   
10xPM 10 x 1 x 
20xKP 20 x 1 x 
50xDTE 50 mM 1 mM 
GTP  50 mM 1 mM 
ATP  50 mM 1 mM 
PEP  200 mM 10 mM 
Lys 20000 µM 200 µM 
PK sigma  5 µg/ml 0.05 µg/ml 
*MK  0.2 µg/ml 0.002 µg/ml 
*EF-Tu 288 µM 4 µM 
*tLys_110203 85.6 µM 6 µM 
*LysRS 140 µM  

*EF-Ts 200 µM  

Components Stock Final conc. 
H2O   
10xPM 10 x 1 x 
20xKP 20 x 1 x  
50xDTE 50 mM 1 mM 
GTP  50 mM 1 mM 
ATP  50 mM 1 mM 
PEP 200 mM 10 mM 
mRNA AAA 47 µM 0.5 µM 
PK sigma  5 µg/ml 0.05 µg/ml 
*MK  0.2 µg/ml 0.002 µg/ml 
*70S_wt 24 µM 0.5 µM 
*IF1 65 µM 0.5 µM 
*IF3 100 µM 0.5 µM 
*IF2 50 µM 0.25 µM 
*3H-fMet_Ray3 1:10 14.8 µM 0.15 µM 
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9. Abbreviations  

Phosphoenolpyruvate (PEP) 

Myokinase (MK) 

Pyruvate kinase (PK) 

Potassium chloride (KCl) 

Ammonium hydrochloride (NH4Cl) 

Magnesium Acetate (Mg[OAc]2) 

Calcium chloride (CaCl2) 

1,4	  di	  thioerythritol	  (DTE)	  

Polymix buffer (10xPM)	  

Potassium phosphate (KP) 

Guanosine triphosphate (GTP) 

Adenodine -5’ –triphosphate (ATP) 

Uridine-5’-triphosphate (UTP) 

Lysine (Lys)  

Initiation Factor (IF1, IF2, IF3) 

Lysine synthetases (LysRS) 

Elongation factor thermo unstable (EF-Tu) 

N-Formylmethoinine (fMet)  

Elongation Factor thermo stable (EF.Ts)  

Deoxyribonucleotide triphospahte (dNTP) 

Ribosome mix (RM) 

Factor mix (FM) 
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Glumatic acid synthetases (GluRS) 

Potassium hydroxide (KOH) 

Transfer RNA (tRNA) 

Magnesium chloride (MgCl) 

Taq polymerase (Taq-pol) 

Cytidine triphosphate (CTP) 

Peptidylprolyl isomerase (PPiase) 

Streptomycin restrictive (SmR) 

Streptomycin Pseudo dependent (SmP) 

Wild type (WT) 

Antibiotic Streptomycin (Sm) 

Trifluoroacetic acid (TFA) 
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