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Objective  

To study the refolding of enzyme ribonuclease after denaturation. 

 

Introduction 

Anfinsen won the Nobel Prize with his research on the refolding of ribonuclease A. This experiment is to 

reproduce part of Anfinsen’s experiment to show that enzyme can refold back into its natural shape after 

denaturation and restore its catalytic activity. This provides evidence that the 3D shape of an enzyme is 

determined by its amino acid sequence, or the primary structure determines the higher order structures of 

a protein.  

 

Question 

A protein functions only when it is in a specific three dimensional shape. What determines the folding of 

a polypeptide chain into its native, three-dimensional shape?  

 

Hypothesis 

1. The folding is determined by the instructions from DNA, mRNA, ribosome, or enzymes during 

protein synthesis in the cells.  

2. The folding is determined by the amino acid sequence of the polypeptide chain itself.  

 

Prediction 

1. According to hypothesis 1, if a protein is fully unfolded in vitro, it will not be able to spontaneously 

refold back to its native shape and therefore loss its catalytic activity.  

2. According to hypothesis 2, a fully unfolded protein will be able to spontaneously refold back to its 

native shape in vitro and regain its catalytic activity. 

 

Outline of the experiment 

1. Ribonuclease (RNase) is used, whose activity can be shown by forming a clear zone in RNA agar 

after perchloric acid is added.  

2. RNase can be denatured by denaturants, 2-mercaptoethanol (2-ME) and urea, but not by heat. 2-

ME breaks the four disulfide bonds in RNase and urea disrupts the polar environment so that RNase 

will unfold into a polypipette chain. 

3. When 2-ME and urea are removed, RNase can spontaneously refold back into its native shape and 

restore its catalytic activity. 2-ME and urea are removed from RNase by dialysis due to their 

differences in molecular mass. The dialysis needs to run overnight. 

 

Materials and chemicals 
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Materials required for each group of 4 students  

 

Material Quantity 

Equipment  

Mini dialyzer (MWCO: 3.5kDa) 

Store in a ziploc bag to prevent contamination. 

1 

Floating tube rack  1 

Stirrer bar 1 

Stir plate  1 

2L Beaker 1 

P200 pipette (can use syringe) 2 

P1000 pipette (can use syringe) 2 

P200 pipette tip 1 box 

P1000 pipette tip 1 box 

Cork borer (Ø  ~ 0.7 cm) 1 

Alcohol lamp  1 

Lighter  1 

Marker pen  2 

Timer  1 

Measuring cylinder (10 ml) 2 

Ruler 1 

Latex gloves 4 pairs 

Safety goggles 4 

1.5 ml centrifuge tube rack 1 

Dropper 1 

50
o
C Water bath  1 

Plastic wrap  1 roll 

Chemicals  

RNA agar plates See below 

RNase solution See below 

1M Perchloric acid See below 

0.1M sodium phosphate, pH 8.0 See below 

0.1M sodium acetate, pH 5.0 See below 

Denaturing solution (2-mercaptoethanol (2-ME) + 

urea) 

See below 

 

Teacher preparations 

 

A. Preparation of 200 ml 0.1M sodium phosphate, pH 8.0 

1. To prepare 0.2M sodium phosphate monobasic solution, add 2.76 g of sodium phosphate monobasic 

monohydrate (NaH2PO4 · H2O) into 100 ml of water.  
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2. To prepare 0.2M sodium phosphate dibasic solution, add 5.3614 g of sodium phosphate dibasic 

heptahydrate (Na2HPO4 · 7H2O) into 100 ml of water. 

3. Mix 94.8 ml of 0.2M sodium phosphate dibasic solution with 5.2 ml 0.2M sodium phosphate 

monobasic solution, then add 100 ml deionized water, mix well. 

 

B. Preparation of the RNA agar plates  

1. Add 2.4 g agar powder and 125 ml distilled water into a 500 ml conical flask.  

2. Heat the agar mixture with a hot plate while stirring. Allow it to boil for 5 minutes.   

3. Put the boiled agar in a 60
o
C water bath for 10 minutes. 

4. Dissolve 0.75 g RNA in 75 ml of 0.1 M sodium phosphate buffer, pH 8. Incubate the RNA solution in 

a water bath at 37
o
C for 10 minutes. 

5. With gentle stirring, add 75 ml warm RNA solution to 125 ml 60
o
C liquid agar. 

6. Immediately pour about 20 ml RNA agar into each Petri dish. 

7. Allow the RNA agar to solidify at room temperature for 45 minutes. 

 

C. Preparation of 1200 ml 0.1M sodium acetate, pH 5.0 

1. Add 6.90 ml of glacial acetic acid in 1080 ml distilled water. Adjust pH to 5.0 with 5 N NaOH and 

bring to a final volume of 1200 ml with deionized water. 

 

D. Preparation of the RNase solution  

1. Dissolve 2.5 mg RNase powder in 0.5 ml of 0.1 M sodium acetate buffer, pH 5.0. The concentration 

of RNase stock solution is 5 mg/ml. 

2. Dilute it to 0.5 mg/ml by mixing 0.1 ml of 5 mg/ml RNase solution with 0.9 ml of 0.1 M sodium 

acetate buffer, pH 5.0.  

 

E. Preparation of denaturing solution 

1. Add 0.96 g urea powder in a 5 ml centrifuge tube and add 1.25 ml 0.1M sodium acetate, pH 5.0, mix 

until all powder dissolved, then add 14 μl of 14.6M 2-ME, mix. The final volume should be ~2 ml. 

Note: 2-ME can be oxidized by air. This denaturing solution should be freshly prepared, within about 

10 minutes before mixing with enzyme. And must close the tube tightly after preparation. 

Note: The volume of enzyme to denaturing solution is 1:9. 

 

F. Dialysis to remove the denaturants in solution B (denatured RNase solution) 

This is done by the teacher before the lab so that the lab can be finished in 2.5 hours. Instead, students 

may do the dialysis themselves and then do the rest of the lab next day. 

1. Transfer 120 μl of solution B (denatured RNase) to a mini-dialyzer. 

2. Put the mini-dialyzer into a floating tube rack and put the rack into a 2L beaker containing 1L of 0.1M 

sodium acetate, pH 5.0.  

3. Dialyze the samples at room temperature overnight with 200 rpm stirring. 

Note: It is suggested to use a piece of plastic wrap to cover the beaker to prevent contamination. 
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4. Transfer the dialyzed samples to 1.5 ml centrifuge tubes. Pump air slowly into the solution for 3 

minutes (100 μl of air per 10 seconds). Allow the tube to stand for 7 minutes. This is to oxidize the 

sulfhydryl groups in the reduced RNase to allow the reformation of the disulfide bonds. 

 

 
Dialysis of the mini-dialyzer in the floating rack 

 

G. Preparation of boiled RNase solution  

1. Add 120 μl of 0.5 mg/ml RNase solution into a 1.5 ml microcentrifuge tube, followed by inserting the 

tube into a floating tube rack. 

2. Heat to solution in tubes in a boiling water bath for 20 minutes. 

 

H. Preparation of 1M perchloric acid 

1. Add 1 ml 70% perchloric acid to 6 ml deionized water and mix well. 

 

Safety precautions 

1. Wear rubber gloves, eye goggles and lab coat.  

2. Do not ingest, inhale or contact with the 2-mercaptoethanol (2-ME), perchloric acid and urea, which 

are toxic and irritating to eyes and skin. Keep them in well-ventilated place and away from heat.  

3. Wash hands thoroughly after handling the chemicals. 

4. Alcohol is flammable. Take extra caution in sterilizing the cork borer with alcohol and burner.  

5. Do not open the lid of the agar plate while observing the clear zones.  

 

Procedure 

1. Put the following solutions in the 1.5 ml microcentrifuge tubes with micropipette. Mix well by 

inverting the tubes or pipetting up and down several times. 

A: 0.1 ml of 0.5 mg/ml RNase solution + 0.9 ml of sodium acetate buffer  

B: 0.1 ml of 0.5 mg/ml RNase solution + 0.9 ml of denaturing solution (2-ME + urea)  

C: Dialyzed solution B (To be prepared in step 3) 

D: Boiled 0.1 ml of 0.5 mg/ml RNase + 0.9 ml of sodium acetate buffer  

E: 0.1 ml of sodium acetate buffer + 0.9 ml of denaturing solution (2-ME + urea) 

2. Insert the tubes in a floating tube rack. Incubate the solutions in a 50°C water bath for 5 minutes 

Solutions A, B, D, and E can be stored at room temperature overnight. 

3. Prepare solutions C (see part F of Teacher preparations).  
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4. Use a cork borer to make five wells in the RNA agar plate. (Use aseptic techniques: sterilize the tip of 

the cork borer with alcohol and flame; open the lid of the agar plate as short as possible; do not touch 

on the agar)  

5. Add 100 μl of solutions A - E into different wells of the agar plate. Do not allow any spillage of the 

solutions on the surface of agar plate.  

6. Cover the agar plate with lid and incubate at 37
o
C for 90 minutes. 

7. Overlay the agar plate with 3 ml of 1M perchloric acid for 5 minutes at room temperature. The 

perchloric acid will make the RNA agar milky.  

8. Pour off the perchloric acid to check whether clear zones are formed around the wells. Measure and 

compare the diameter of the clear zones. 

 

Results 

 

 Solutions added into 

the wells 

Diameter of clear zone around the well 

on RNA agar (mm) 

Average 

(mm) 

A RNase + buffer        

B RNase + denaturants        

C Dialyzed solution B        

D Boiled RNase + buffer       

E Buffer + denaturants        

 

Discussion questions 

1. Why did clear zone appear at A? 

The clear zone at A indicates that RNase had broken down the RNA around the well. The breakdown of 

RNA is not due to the buffer and denaturants as shown by E. 

 

2. Why there was no clear zone at B? 

RNase had been denatured by 2-ME and urea, which unfolded the molecules into polypeptide chains. 

 

3. Why did clear zone appear at C when solution B underwent dialysis? 

The denaturants in solution B were removed by dialysis. The denaturants diffuse out of the dialysis 

membrane whereas the RNase failed due to its larger molecular mass. RNase had regained its catalytic 

activity by refolding back into its native, three dimensional shape spontaneously. 

 

4. Why is the clear zone at C smaller than that at A? 

The clear zone is smaller and slightly opaque because a small amount of denaturants had not been 

removed during dialysis so that some RNase molecules randomly refolded into 'scrambled' proteins that 

have no or reduced catalytic function. A proportion of protein molecules are modified irreversibly in the 

presence of urea and heat through a process called carbamylation. Therefore, the carbamylated protein 

may not refold back to the native state. 

 

5. Was RNase denatured by boiling? 
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The clear zone at D is as large as that at A, indicating that boiling had no effects on the activity of RNase 

because its four disulfide bonds hold the conformation of the molecule strongly. 

 

6. What conclusion can be drawn by the results? 

The enzyme RNase can spontaneously refold into its native, three dimensional shape after being fully 

unfolded in vitro, which is consistent with the prediction derived from hypothesis 2. Since an unfolded 

RNase has lost all the information of its shape imparted from the process of protein synthesis while the 

only information left is the amino acid sequence, we can conclude that the folding of RNase is determined 

by its amino acid sequence. 

 

Thermodynamic hypothesis in the investigation 

 Why can protein refold into its native shape? Anfinsen's hypothesis is that the native shape is the 

one with lowest free energy in the particular environment of the protein. This is called thermodynamic 

hypothesis. To test this hypothesis, the unfolded RNase is allowed to refold in the presence of urea. The 

result is that RNase will refold into many 'scrambled' proteins that have no catalytic function as a result of 

the randomly formed disulfide bonds (Figure 1). This can be done by doing dialysis in urea solution so 

that only 2-ME is removed and RNase refolds in the presence of urea. The scrambled proteins cannot 

restore its activity even after urea is removed. However, when 2-ME is added to break the disulfide bonds, 

the protein will spontaneously refold into native shape and show activity again.  

 

 

 
Figure 1 Outline of the principles of the Ribonuclease refolding experiments done by Anfinsen. In the 

presence of urea, the polar nature of the solution has been altered, making the polypeptide fold into 

different shapes by randomly formed disulfide bonds. 
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Costs and supplies of the materials 

 

 Brand/Supplier Cat. No. Price 
 

Urea Sigma-Aldrich 
U1250-

5KG 
USD 169.5 

http://www.sigmaaldrich.com/catalog

/product/sial/u1250?lang=en&region

=HK 

2-mercaptoethanol Sigma-Aldrich 
M6250-

10ML 
USD 33.6 

http://www.sigmaaldrich.com/catalog

/product/aldrich/m6250?lang=en&reg

ion=HK 

Ribonucleic acid from 

torula yeast 
Sigma-Aldrich R6625-25G USD 68.80 

http://www.sigmaaldrich.com/catalog

/product/sigma/r6625?lang=en&regio

n=HK 

Ribonuclease A from 

bovine pancreas 
Sigma-Aldrich 

R4875-

100MG 
USD 86.20 

http://www.sigmaaldrich.com/catalog

/product/sigma/r6513?lang=en&regio

n=HK 

Agar Biosharp BS027A USD 30 
http://biosharp.cn/products.asp?id=17

33 

Slide-A-Lyzer™ MINI 

Dialysis Device, 3.5K 

MWCO, 0.1 mL 

Thermo Fisher 69552 

USD 725 for 

50 devices 

USD 15 each 

https://www.thermofisher.com/order/

catalog/product/69550 

70% Perchloric acid VWR Chemicals 20589.260  
USD 62  

For 500 ml 

https://au.vwr.com/store/product/707

975/vwrc20589 

sodium phosphate 

monobasic 

monohydtate 

USB (now called 

Affymetrix) 
20233 1KG USD 126 

http://www.affymetrix.com/catalog/1

30656/USB/Sodium+Phosphate+Mo

nobasic+Monohydrate 

 sodium phosphate 

dibasic heptahydrate  

USB (now called 

Affymetrix) 
20232 1KG USD 83 

http://www.affymetrix.com/catalog/1

30655/USB/Sodium+Phosphate+Dib

asic+Heptahydrate#1_1  

glacial acetic acid 
FisherSci (Fisher 

Scientific) 
A0400_2.5 

USD 11.5 for 

2.5L 

http://www.chemexper.com/cheminf

o/servlet/org.dbcreator.MainServlet?

query=entry._entryID%3D4468635&

target=entry&action=PowerSearch&s

earchInfo=othersearch&onclick=1&f

ormat=ccd 

 

http://www.sigmaaldrich.com/catalog/product/aldrich/m6250?lang=en&region=HK
http://www.sigmaaldrich.com/catalog/product/aldrich/m6250?lang=en&region=HK
http://www.sigmaaldrich.com/catalog/product/aldrich/m6250?lang=en&region=HK
http://www.sigmaaldrich.com/catalog/product/sigma/r6513?lang=en&region=HK
http://www.sigmaaldrich.com/catalog/product/sigma/r6513?lang=en&region=HK
http://www.sigmaaldrich.com/catalog/product/sigma/r6513?lang=en&region=HK
http://biosharp.cn/products.asp?id=1733
http://biosharp.cn/products.asp?id=1733
https://www.thermofisher.com/order/catalog/product/69550
https://www.thermofisher.com/order/catalog/product/69550
https://au.vwr.com/store/product/707975/vwrc20589
https://au.vwr.com/store/product/707975/vwrc20589
http://www.affymetrix.com/catalog/130656/USB/Sodium+Phosphate+Monobasic+Monohydrate
http://www.affymetrix.com/catalog/130656/USB/Sodium+Phosphate+Monobasic+Monohydrate
http://www.affymetrix.com/catalog/130656/USB/Sodium+Phosphate+Monobasic+Monohydrate
http://www.affymetrix.com/catalog/130655/USB/Sodium+Phosphate+Dibasic+Heptahydrate#1_1 
http://www.affymetrix.com/catalog/130655/USB/Sodium+Phosphate+Dibasic+Heptahydrate#1_1 
http://www.affymetrix.com/catalog/130655/USB/Sodium+Phosphate+Dibasic+Heptahydrate#1_1 
http://www.chemexper.com/cheminfo/servlet/org.dbcreator.MainServlet?query=entry._entryID%3D4468635&target=entry&action=PowerSearch&searchInfo=othersearch&onclick=1&format=ccd
http://www.chemexper.com/cheminfo/servlet/org.dbcreator.MainServlet?query=entry._entryID%3D4468635&target=entry&action=PowerSearch&searchInfo=othersearch&onclick=1&format=ccd
http://www.chemexper.com/cheminfo/servlet/org.dbcreator.MainServlet?query=entry._entryID%3D4468635&target=entry&action=PowerSearch&searchInfo=othersearch&onclick=1&format=ccd
http://www.chemexper.com/cheminfo/servlet/org.dbcreator.MainServlet?query=entry._entryID%3D4468635&target=entry&action=PowerSearch&searchInfo=othersearch&onclick=1&format=ccd
http://www.chemexper.com/cheminfo/servlet/org.dbcreator.MainServlet?query=entry._entryID%3D4468635&target=entry&action=PowerSearch&searchInfo=othersearch&onclick=1&format=ccd
http://www.chemexper.com/cheminfo/servlet/org.dbcreator.MainServlet?query=entry._entryID%3D4468635&target=entry&action=PowerSearch&searchInfo=othersearch&onclick=1&format=ccd

