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Abstract

Eukaryotic ribosomes are much more labile as compared to their eubacterial and archael counterparts, thus posing a significant challenge to
researchers. Particularly troublesome is the fact that lysis of cells releases a large number of proteases and nucleases which can degrade
ribosomes. Thus, it is important to separate ribosomes from these enzymes as quickly as possible. Unfortunately, conventional differential
ultracentrifugation methods leaves ribosomes exposed to these enzymes for unacceptably long periods of time, impacting their structural integrity
and functionality. To address this problem, we utilize a chromatographic method using a cysteine charged Sulfolink resin. This simple and rapid
application significantly reduces co-purifying proteolytic and nucleolytic activities, producing high yields of intact, highly biochemically active yeast
ribosomes. We suggest that this method should also be applicable to mammalian ribosomes. The simplicity of the method, and the enhanced
purity and activity of chromatographically purified ribosome represents a significant technical advancement for the study of eukaryotic ribosomes.

Video Link

The video component of this article can be found at http://www.jove.com/details.php?id=3214

Protocol

1. Preparation of a cysteine charged Sulfolink resin

2. Chromatographic purification of ribosomes using a cysteine charged Sulfolink resin

Note: If working with a strain where protease activity proves to be an issue, protease inhibition cocktails can be used in all subsequent buffers.

October 2011 |  56  | e3214 | Page 1 of 4

Journal of Visualized Experiments www.jove.com

Copyright © 2011  Journal of Visualized Experiments

1. Prepare Sulfolink resin (Pierce) at room temperature.
2. Place a total of 10 ml of a 50% slurry of Sulfolink coupling gel as supplied by the manufacturer in two 10 ml plastic vials, with 5 ml distributed

into each vial.
3. Briefly centrifuge vials at 850 x g and carefully remove supernatants.
4. Wash the gel three times in coupling buffer (50 mM Tris, pH 8.5, 5 mM EDTA) by resuspending the beads in 5 ml, centrifuging briefly at 850 x

g and removing the supernatant by pipette.
5. Add five ml of a 50 mM solution of L-cysteine in coupling buffer to each tube and mix the slurry for 1 hour at 25°C.
6. Remove the residual L-cysteine by washing as described in step 1.4 above.
7. Resuspend the gel in 10 ml of binding buffer [20 mM HEPES, pH 7.6, 5 mM Mg(OAc)2, 60 mM NH4Cl, 2 mM DTT], and equilibrate the resin

by washing in 10 ml of binding buffer 3 times as described in step 1.4. Decant resin into a 10 ml centrifuge column, cap and stored at 4°C.
The resin capacity for RNA binding is ˜20 A260 units per ml.

1. Maintain all components on ice and prepare all solutions using RNase-free water and sterile filtration.
2. Grow yeast cells overnight to mid-log phase (O.D.595 = 0.6 - 1.2) in appropriate media. Pellet cells by centrifugation, and wash 1 gram cells in

binding buffer and centrifuge at 3700 x g for 5 minutes at 4°C.
3. Resuspend cells in 1 ml of binding buffer to an approximate total volume of 2 ml, and disrupt using an equal volume of 0.5 mm glass beads

chilled to 4°C using a Biospec Mini-bead beater (Bartlesville, OK). Samples can be split into multiple tubes as needed.
4. Remove unbroken cells, organelles, and cellular debris by centrifugation at 30,000 x g for 30 minutes in a Beckman-Coulter Optima Max E

ultracentrifuge (Fullerton, CA).
5. Immediately before use, pellet the resin for one minute at 1,000 x g to remove the storage solution. Two ml of resin is used for every one

gram of cells.
6. Remove cell lysate supernatants from the 30,000 x g spin (S30), taking care to minimize contamination from either the lipid fraction at the

very top or the cell debris at the bottom of the tubes, and place directly into the charged Sulfolink slurry. The lipid layer can be avoided either
by removal or by pushing out from the pipet after the tip has crossed into the supernatant.

7. Incubate the S30/Sulfolink mixture on ice without mixing for 15 minutes.
8. Place the columns into 15 ml conical tubes and centrifuge at 1,000 x g for one minute.
9. Place the flowthrough fractions back into the columns, mix by hand, and incubate for a further 15 minutes on ice.
10. Place the columns into 15 ml conical tubes and centrifuge at 1,000 x g for one minute. Discard the flowthrough.
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3. Puromycin treatment

Note: An alternative method to remove contaminating tRNA species is to switch from a glucose rich to glucose depleted media to promote
ribosome runoff. However, this does change the metabolic status of the yeast cells, which could affect ribosome function and concentration.

In order to strip the ribosomes from endogenous peptidyl-tRNA, a treatment with puromycin is performed.

4. Purification of ribosomes by sedimentation through glycerol cushions

5. Representative results:

An example of RNA species extracted from each of the three major steps of the protocol is shown in Figure 2. While rRNAs are the major species
present in total cell lysates (T) these also contain a large number of other RNA species. Ribosomes purified from the Sulfolink column (SL) also
contain a large amount of tRNAs due to the high affinity of the column bed for these species as well. Treatment of this fraction with puromycin
results in hydrolysis of peptides from peptidyl-tRNAs, and promotes dissociation of these species from ribosomes. The puromycin treated
samples (Pm) lack co-purifying tRNA species, and thus represent completely pure ribosomes. As previously reported8, these ribosomes are
highly intact and biochemically active, making them ideal substrates for detailed functional and structural analyses.
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11. Cap columns and add 5 ml of binding buffer. Mix columns by hand until resuspended, remove the caps, and centrifuge the columns centrifuge
at 1,000 x g for one minute. Repeat this washing protocol two more times.

12. Add 1.5 ml of elution buffer (20 mM HEPES-KOH, pH 7.6, 10 mM Mg(OAc)2, 500 mM KCl, 2mM DTT, 0.5 mg/ml heparin) to each column. Mix
slurries by hand, and incubate on ice for 2 minutes

13. Place columns into new 15 ml conical tubes and centrifuge at 1,000 x g for 1 minute. Collect eluate. Repeat the elution step once more so
that the final combined sample volumes are ˜ 3 ml. Used resin can be washed with elution buffer without heparin and followed by equilibration
with binding buffer, and stored in 10 ml volumes of binding buffer at 4°C for re-use later.

1. Neutralize to pH 7.5 100 mM puromycin solution by adding 1M KOH dropwise at room temperature.
2. Add neutralized puromycin solution to ˜ 1mM final concentration in eluate.
3. Add 100 mM GTP to a final concentration of 1 mM.
4. Incubate for 30 minutes at 30°C.

1. Place one ml of cushion buffer (20 mM HEPES, pH 7.6, 10 mM Mg(OAc)2, 500 mM KCl, 2 mM DTT, 25% glycerol) into a 4 ml volume
polycarbonate ultracentrifuge tube.

2. Gently layer puromycin treated elution fractions on top of the cushion, and centrifuge samples at 100,000 x g overnight at 4°C.
3. Remove tubes from the centrifuge rotor, and aspirate supernatants.
4. Wash pellets containing purified ribosomes twice with 1 ml of cushion buffer.
5. Resuspend ribosomes in 100 μl of cushion buffer by gentle disruption using a glass rod.
6. After disruption, cover tubes with parafilm and shake at a moderate speed in a cold room vortex for one hour.
7. Transfer the contents to a microcentrifuge tube, centrifuge for 5 minutes at maximum speed at 4°C, and remove supernatants to fresh tubes.
8. Repeat steps 4.1 to 4.7 using 2 ml of cushion buffer and, except that 100 μl of storage buffer (50 mM HEPES -KOH pH 7.6, 50 mM NH4Cl, 5

mM Mg(OAc)2, 1 mM DTT, 25% glycerol) is used in steps 4.4 and 4.5 instead of cushion buffer.
9. Quantify the purified ribosomes spectrophotometrically (1 A260 = 20 pmoles of yeast ribosomes), and store at -80°C. Typical results from 1

gram of yeast are 300-400 pmoles of ribosomes.
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Discussion

 
Figure 1. Method Flowchart. Chromatographic purification of ribosomes using the cysteine linked sulfolink resin is depicted.

 
Figure 2. Representative analysis of ribosome preparations. Total RNA species were extracted from total cell lysates (T), Sulfolink purified
ribosomes (SL) and Sulfolink purified ribosomes subsequently treated with puromycin and sedimented through a glycerol cushion (Pm). Lane M
represents RNA size markers. Bands representing 25S and 18S rRNAs, as well as tRNAs and other RNA species are indicated. All lanes were
loaded with 2 μg of RNA.

Ribosome purification protocols basically involve lysing cells, harvesting a cytosolic fraction from a low speed spin, and then pelleting ribosomes
by high speed centrifugation 1. While a few novel methods have been used for purifying bacterial ribosomes, the same had not been true for
eukaryotes 2-4. Although additional steps have been added along the years, e.g. salt washes, and glycerol cushions (e.g. see 5), biochemical and
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structural studies of yeast ribosomes have been hampered by their tendency to become degraded by endogenous degrading enzymes during the
purification process, most likely due to the long periods of time during the ultracentrifugation steps during which ribosomes are exposed to these
classes of enzymes 6.

The major problem associated with traditional protocols is the co-purification of proteases and nucleases with ribosomes. This results in their
degradation during the purification process, resulting in lower yields of biochemically active ribosomes. The high levels of proteases and
nucleases present in clinical isolates of pathogenic bacteria led to the development of a chromatographic method for ribosome purification using a
cysteine charged Sulfolink resin 7. The rRNAs and proteins derived from bacterial ribosomes isolated using this method showed much lower
levels of degradation, and the ribosomes so purified were significantly more able to bind erythromycin and to synthesize proteins. The specific
chemistry of ribosome binding to the Sulfolink resin is unknown, however it has been speculated that it involves hydrophobic interactions 7. These
observations suggested that the cysteine charged Sulfolink resin chromatography method may also be applicable to yeast ribosomes, and if so,
that it could solve many of the problems described above. Thus we adapted this protocol for isolation of intact, highly active yeast ribosomes. The
column chromatographic method rapidly and efficiently results in separation of a significant fraction of contaminating nucleases and proteases
from ribosomes resulting in purer, more biochemically active ribosome preparations with enhanced biochemical and structural properties, which
scales well to higher quantities of ribosomes 8. No significant differences were seen on a denaturing protein gel between traditionally purified
ribosomes and those purified via column chromatography, indicating that these ribosomes contain all the same ribosomal elements as
traditionally purified ribosomes.

There are some steps in protocol that require special attention. With regard to disruption of yeast cells, a precise 1:1 ratio of cell suspension to
glass beads (vol/vol) is critical. Typically, ˜80% of cells are disrupted in 2 min. Importantly, over-disruption should be avoided to prevent the
release of degrading enzymes from cell organelles. Although ribosomes obtained directly from the Sulfolink column were shown to be nearly
completely free of protease and nuclease contamination, the observation of high levels of tRNA in this fraction indicated that the resin binds tRNA
as well 7,8. We have found that the presence of tRNA species interferes with downstream biochemical assays e.g. ribosome/ligand binding,
assays of peptidyltransferase activity and rRNA structural analyses. Puromycin treatment 9 of chromatographically isolated ribosomes results in
production of peptidyl-puromycin, which is released from ribosomes, along with deacylated tRNAs 10-14. The final overnight high speed
centrifugation of samples through a glycerol cushion is critical for removing the remaining free tRNAs from the ribosome samples. If separate
subunits are required, they may be obtained by sedimentation through a high salt sucrose gradient15
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