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Abstract 

The accepted mechanism for mRNA partitioning to the endoplasmic reticulum 

(ER) is the signal recognition particle (SRP) pathway.  Although this model is well 

established, substantial experimental evidence exists to suggest additional mechanisms 

of localizing mRNAs to the ER.  For example, evidence for ribosome independent mRNA 

association with the ER, as well as signal sequence and translation independent mRNA 

localization to the ER, has been reported.  It has been hypothesized that there exist 

mRNA-binding proteins that, through interactions with mRNA-intrinsic localization 

elements, serve essential roles in the partitioning of mRNAs between cytosolic and ER-

bound ribosomes. 

A method was devised for comparing the RNA-binding proteins associated with 

entire populations of cytosolic and ER-bound polysomes.  In this method, cytosolic and 

ER-bound polysomes are isolated from tissue culture cells via a sequential detergent 

extraction method: digitonin permeabilization of the plasma membrane to release 

cytosolic polysomes followed by lysis of the ER membrane to obtain ER-bound 

polysomes.  Purified polysomes are then subjected to mild digestion with micrococcal 

nuclease, the ribosomes pelleted via ultra-centrifugation, and the supernatants 

containing RNA-binding proteins submitted for proteomic analysis via mass 

spectrometry.  Candidate proteins for a role in mRNA localization to the ER will be those 

enriched in ER-bound polysomes.  However, while characterizing this method for 

generating RNA-binding protein enriched and ribosomal protein depleted samples for 

proteomic analysis, many concerns have been identified that need further optimization 
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and careful consideration prior to investing the time and resources into a mass 

spectrometry-based analysis of such samples.   

An immunoaffinity isolation approach was taken to interrogate mRNA-specific 

RNA-binding protein composition.  In this approach, an anti-lambda light chain antibody 

was used for the isolation of lambda light chain polysomes from J558 plasmacytoma 

cells via immunoprecipitation of the nascent polypeptide chains.        
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1. Introduction  

The partitioning of mRNAs to the ER is of particular significance to the essential 

processes of protein trafficking and protein secretion; through coupled mRNA 

translation/protein translocation, proteins synthesized on ER-bound ribosomes enter the cell’s 

protein trafficking and secretion pathways, or become resident ER proteins.  The accepted 

mechanism for mRNA partitioning to the ER is the signal recognition particle (SRP) pathway 

(Walter and Johnson, 1994).  In this model, mRNAs encoding ER-lumenal, secretory, or 

transmembrane proteins initiate translation on free cytosolic ribosomes.  These classes of 

proteins contain an N-terminal signal sequence.  When this signal sequence emerges from the 

ribosome it is recognized by the signal recognition particle (SRP).  The SRP directs the ribosome-

mRNA-nascent polypeptide complexes to the ER membrane where the SRP binds to the SRP 

receptor protein located within the ER membrane.  Binding of the SRP to the SRP receptor 

directs the ribosome-mRNA-nascent polypeptide complexes to a protein translocator located 

within the ER membrane.  Binding of the ER-targeted ribosome-mRNA-nascent polypeptide 

complexes to the protein translocation channel (of which Sec61 is a central component) is 

concurrent with the release of the SRP from the signal sequence and co-translational 

translocation of the nascent polypeptide chain across the ER membrane.  Although this model is 

well established, substantial experimental evidence exists to suggest additional mechanisms of 

localizing mRNAs to the ER.  For example, and in contrast to the convention that cytosolic 

proteins are translated on free ribosomes, some mRNAs encoding cytosolic proteins are highly 

enriched on ER-bound ribosomes (Lerner et al, 2003).  Consistent with these observations, 

evidence for ribosome independent mRNA association with the ER, as well as signal sequence 

and translation independent mRNA localization to the ER, has been reported (Phytila et al, 
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2008).  A biological precedent for RNA-binding protein mediated mRNA localization has been 

convincingly established in mammalian cells, yeast and Drosopohila (Lecuyer et al, 2009).  

Therefore, it has been hypothesized that there exist mRNA-binding proteins that, 

through interactions with mRNA-intrinsic localization elements, serve essential roles in the 

partitioning of mRNAs between cytosolic and ER-bound ribosomes (Nicchitta et al, 2005).  

Research investigating this hypothesis is significant because it addresses fundamental questions 

regarding the mechanisms by which mRNAs are partitioned between cytosolic and ER-bound 

ribosomes for translation.  This research challenges current views that identify the SRP pathway 

as the sole mechanism for targeting mRNAs to the ER.  Identification of RNA-binding proteins 

functioning in mRNA localization to the ER has the potential to significantly revise our current 

understanding of the mechanisms for global compartmentalization and regulation of protein 

synthesis.  

To address this hypothesis, identification of candidate RNA-binding proteins that may 

function in mRNA localization to the ER is needed.  Selected candidate proteins could then be 

subjected to further functional studies.  Several approaches, utilizing either populations of 

mRNAs or individual messages, could be taken to identify candidate proteins.  In one approach, 

a proteomics-based comparison of the proteins associated with cytosolic and ER-bound mRNAs 

may reveal differences in their composition of RNA-binding proteins.  Proteins found solely in 

association with ER-bound polysomes could be considered candidates for mRNA localization to 

the ER.  In a second approach, a proteomic comparison of the RNA-binding proteins associated 

with sub-classes of ER-bound mRNAs may yield additional candidates for RNA-binding proteins 

functioning in mRNA localization to the ER.  There is evidence suggesting that different classes of 

ER-localized mRNAs may be associated with the ER via different mechanisms.  Some mRNAs 

(such as lambda light chain mRNA, which encodes a secreted protein) are loosely bound to the 
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ER:  they can be dissociated from the ER membrane with an EDTA and high salt wash.  Other 

mRNAs (such as GRP94 and BiP mRNAs, which encode ER resident proteins) appear more tightly 

bound to the ER:  they remain associated with the ER membrane even after the EDTA/salt wash 

(Zheng, Chen and Nicchitta, unpublished data).  There may be differences in the RNA-binding 

proteins associated with these two sub-classes of ER-bound mRNAs that contribute to their 

distinct modes of association with the ER-membrane.  In a third approach, the RNA-binding 

protein composition of individual mRNAs (such as those encoding lambda light chain and 

GRP94) can be analyzed and compared to identify candidate proteins that may contribute to 

these mRNAs distinct modes of association with the ER.   

The following chapters describe methods of generating RNA-binding protein enriched 

samples for proteomic identification of candidate mRNA-binding proteins that may function in 

mRNA localization to the ER.  Two of the above three approaches will be discussed.  Chapter 2 

presents a method for comparing the RNA-binding proteins associated with entire populations 

of cytosolic and ER-bound polysomes.  Chapter 3 focuses on the purification of lambda light 

chain polysomes. 
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2. Development and Characterization of a Method for Deriving 

RNA-binding Protein Enriched Samples from Native Populations 

of Cytosolic and ER-Bound Polysomes  

2.1 Selecting a method to separate RNA-binding proteins from ribosomal 

proteins and the nascent polypeptide chains  

Polyribosomes are composed of the mRNA, multiple ribosomes, nascent polypeptide 

chains, and any associated RNA-binding proteins.  If one were to submit the entire intact 

polyribosomes for mass spectrometry analysis, the abundance of ribosomal proteins (each 

mRNA in a polysome has multiple ribosomes associated with it, and each ribosome has two 

subunits composed of multiple proteins) and nascent polypeptide chains would make it more 

difficult to detect potentially low abundance RNA-binding proteins that may be present in only 

one copy per mRNA.  Therefore, a method is needed to separate RNA-binding proteins from 

ribosomal proteins and the nascent chains.  There are two ways this might be accomplished.  In 

one approach, polysomes are treated with EDTA to dissociate the ribosomal subunits, resulting 

in the release of the mRNA and nascent polypeptide chain from the ribosomes.  In another 

approach, polysomes are subjected to mild digestion with a nuclease to degrade the mRNA 

while minimizing degradation of the rRNA.  Because rRNA is complexed with the ribosomal 

proteins, it is presumably more protected from nuclease activity.  Following either approach, 

ribosomes are pelleted via ultra-centrifugation.  The supernatants containing any other 

polysome-associated proteins can then be analyzed via mass spectrometry.   

The protein composition of the supernatant and pellet fractions obtained via both the 

nuclease and EDTA methods described above were analyzed via Coomassie blue staining (Fig. 

1A) and Western blotting for a representative RNA-binding protein, poly(A)-binding protein (Fig. 

1B ).  Coomassie blue stained gels reveal that the supernatant and pellet fractions have distinct 

banding patterns.  These different patterns are expected if the pellet fraction is enriched in 
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ribosomal proteins and the supernatant fraction is enriched in other polysome-associated 

proteins.  Interestingly, there are clear differences in the banding patterns of the supernatant 

fractions derived from nuclease and EDTA treated polysomes.  The most obvious differences are 

in those bands located at 72 kDa, slightly above and below 26 kDa, and mid-way between 17 

kDa and 26 kDa.  These differences may be due in part to the release of the nascent polypeptide 

chains from the ribosomes via the EDTA method but not the nuclease method.  However, this 

explanation does not account for bands present in the supernatant from the nuclease method 

but not the EDTA method.  The release of nascent chains into the supernatant is a disadvantage 

of the EDTA method in terms of generating a proteomics sample because an abundance of 

nascent chains could complicate detection and analysis of candidate RNA-binding proteins.  

Also, the EDTA method assumes that the mRNA doesn’t remain bound to one or the other 

ribosomal subunit upon dissociation of the ribosomes.  This could be checked by Northern blot 

or PCR analysis of the ribosomal pellet fraction, and if this is the case then it may explain the 

absence of some bands from the EDTA-method supernatant that are present in the nuclease-

method supernatant.  Finally, digesting polysomes with RNase A yielded a more complete 

mobilization of a representative RNA-binding protein, poly(A)-binding protein (PABP), into the 

supernatant fraction than treating with EDTA (Fig. 1B).  Therefore, the nuclease digestion 

method was selected for further development and characterization.     
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Figure 1:  EDTA and RNase A treatment of polysomes.  Cytosolic and ER-bound polysomes were 

isolated from J558 cells via a sequential detergent extraction method, pelleted through a 1 M sucrose 

cushion & resuspended, then treated with either 20 mM EDTA at 4°C for 1 hr or 40 µg/ml RNase A at 

room temperature for 1 hr.  Following EDTA or nuclease treatment, polysomes were layered over a 1 M 

sucrose cushion, centrifuged, and the supernatant and pellet fractions were analyzed on 12.5% gels via 

SDS-PAGE and Coomassie blue staining (A) or Western blotting for poly(A)-binding protein (PABP) (B).  In 

panel A, the prominent band near 17 kDa in the plus nuclease, supernatant sample corresponds to RNase 

A.  Note that, in panel A, the plus nuclease, pellet sample was overloaded 2-fold as determined via cell 

equivalents compared to the EDTA pellet sample. 
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2.2 Optimizing nuclease digestion of polysomes  

2.2.1 Micrococcal nuclease 

The activity of RNase A cannot be easily controlled so micrococcal nuclease was used 

instead because its activity is strictly calcium dependent and can be quenched by excess EGTA.  

The data obtained for RNase A was replicated with micrococcal nuclease, and extended to 

include a second representative RNA-binding protein, HuR (Fig. 2).  Interestingly, HuR appears to 

be much more easily released from polysomes than PABP, even in the absence of EDTA or 

nuclease treatment (Fig. 2B).  These observations regarding mobilization of PABP and HuR into 

the supernatant fraction following nuclease digestion were replicated in a second plasma cell 

line, H929 (data not shown).  One possible explanation for this observation is that the switch 

from 400 mM KoAC in the ER lysis buffer to 300 mM NaCl in the polysome resuspension buffer 

could dissociate HuR, but not PABP, from the mRNA.  Alternatively, HuR could have a lower 

binding affinity for mRNA than PABP, and therefore be more prone to spontaneous dissociation 

from polysomes. Or, there could be a contaminating nuclease in the sample causing some 

amount of polysome degradation and release of proteins.  However, if a nuclease contaminant 

was the case, then HuR would have to reside in a region of the mRNA that is more accessible or 

prone to nuclease digestion than the region occupied by PABP.  Also interesting, and consistent 

with the release of HuR into the supernatant in the absence of nuclease or EDTA treatment, is 

the presence of protein bands in the supernatant of the untreated polysomes (Fig. 2A).  
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Figure 2:  EDTA and micrococcal nuclease treatment of polysomes.  ER-bound polysomes were 

isolated from J558 cells via a sequential detergent extraction method, pelleted through a 1 M sucrose 

cushion & resuspended, then treated with either 20 mM EDTA at 4°C for 30 min or 1 Kunitz unit per µl 

micrococcal nuclease for 5 min at room temperature.  Following EDTA or nuclease treatment, polysomes 

were layered over a 1 M sucrose cushion, centrifuged, and the supernatant and pellet fractions were 

analyzed on 12.5% gels via SDS-PAGE and Coomassie blue staining (A) or Western blotting for PABP and 

HuR (B). 
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2.2.2 Determining the optimal digestion time 

Using a fixed concentration of micrococcal nuclease (1 Kunitz unit per µl), a time course 

was performed to determine the optimum digestion time (Fig. 3).  10 minutes was selected as 

the optimal digestion time because it minimized the presence of ribosomal proteins in the 

supernatant fraction while maximizing the amount of two RNA binding proteins, PABP and HuR, 

present in the supernatant. 

 

 

Figure 3: Time course of polysome digestion with micrococcal nuclease.  ER-bound polysomes 

were isolated from J558 cells via a sequential detergent extraction method, pelleted through a 1 M 

sucrose cushion & resuspended, then treated with 1 Kunitz unit per µl micrococcal nuclease for varying 

times at room temperature.  Nuclease activity was quenched with excess EGTA.  Following nuclease 

digestion, polysomes were layered over a 1 M sucrose cushion, centrifuged, and the supernatant and 

pellet fractions were analyzed via SDS-PAGE (12.5% gels) and Western blotting for representative 

ribosomal proteins L3/L4 and representative RNA-binding proteins PABP and HuR. 

 

 

   



 

10 

 

2.3 Ensuring sample quality in preparation for mass spectrometry-based 

proteomic analysis  

2.3.1 Optimizing the ratio of enzyme to total protein 

Prior to preparing samples for proteomics, the protein composition of the supernatant 

and pellet fractions from nuclease-treated cytosolic and ER-bound polysomes was visualized via 

silver staining (Fig. 4).  As shown previously via Coomassie blue staining, the banding patterns of 

supernatant fractions are distinct from pellet fractions.  The pellet fractions from cytosolic and 

ER-bound polysomes have similar banding patterns, which is to be expected if the pellet fraction 

is composed primarily of ribosomal proteins (assuming that the ribosomal protein composition 

of cytosolic and ER-bound polysomes is identical).  However, when comparing the supernatant 

fractions derived from nuclease-treated cytosolic and ER-bound polysomes, there appear to be 

some differences in the pattern and intensity of bands.  Therefore, instead of subjecting the 

entire supernatant fraction to a mass spectrometry based analysis, an alternate approach may 

be to use only those sections of the gel that appear to differ.  In terms of cost, this alternative 

would be more amenable to a 1D gel/LC/MS/MS analysis.  The 1D gel/LC/MS/MS has the 

advantage of providing both identity and relative abundance of the proteins present in the 

sample; however, the analysis becomes more expensive as more gel bands are cut and analyzed. 

The silver-stained gels raised some concerns that needed to be dealt with prior to 

submitting samples for mass spectrometry:  the prominent band at approximately 17 kDa in the 

supernatant fraction, which corresponds to the micrococcal nuclease, and the low molecular 

weight smear running at the dye front.  The prominent nuclease band poses a problem for mass 

spectrometry because if the nuclease is highly represented, then many of the peptide hits will 

be the nuclease rather than proteins of interest.  For proteomics, a low ratio (such as 1:50) of 

enzyme to total protein is ideal.  Similarly, the low molecular weight smear may also pose a 
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problem if it is composed of one highly-abundant protein rather than a collection of many low 

molecular weight proteins.  To address these concerns, a 10% Tris-trycine gel was used to 

resolve the low molecular weight smear migrating at the dye front.  The smear was successfully 

resolved (data not shown), indicating that this was indeed a conglomeration of low molecular 

weight proteins.  A titration was performed in which the amount of micrococcal nuclease was 

decreased and the digest time was increased by the same factor to compensate for using less 

enzyme (Fig. 5).  As the amount of micrococcal nuclease is lowered, the prominent band at 17 

kDa is minimized.  5 Kunitz units of micrococcal nuclease appears to be an appropriate amount 

for the digestion of ER-bound polysomes from 20 million J558 cells in a volume of 100 µl.  At all 

concentrations of nuclease, PABP mobilization into the supernatant fraction was unchanged 

from the data shown in Fig. 2 (data not shown).  

Upon reducing the amount of nuclease, a time course of nuclease digestion at the new 

concentration was performed.  It appears that the digestion time can be shortened to 30 

minutes (Fig. 6). 
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Figure 4:  Protein composition of the supernatant and pellet fractions of nuclease treated 

cytosolic and ER-bound polysomes.  Cytosolic and ER-bound polysomes were isolated from J558 cells 

via a sequential detergent extraction method, pelleted through a 1 M sucrose cushion & resuspended, 

then treated with 1 Kunitz unit per µl micrococcal nuclease for 10 minutes at room temperature.  

Nuclease activity was quenched with excess EGTA.  Following nuclease digestion, polysomes were layered 

over a 1 M sucrose cushion, centrifuged, and the supernatant and pellet fractions were analyzed on 12.5% 

gels via SDS-PAGE and silver staining.  Gels were loaded via cell equivalents:  the loading volume was kept 

constant, but the cell equivalent of cytosolic polysome-derived samples was 2X that of ER polysome-

derived samples.  
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Figure 5:  Micrococcal nuclease titration.  ER-bound polysomes were isolated from 2 x 10
7
 J558 cells 

per condition via a sequential detergent extraction method, pelleted through a 1 M sucrose cushion, 

resuspended to a volume of 100 µl, then digested at room temperature with micrococcal nuclease as 

indicated in the figure.  Nuclease activity was quenched with excess EGTA.  Following nuclease digestion, 

polysomes were layered over a 1 M sucrose cushion, centrifuged, and the supernatant and pellet fractions 

were analyzed on 12.5% gels via SDS-PAGE and silver staining.  

 

 

 

Figure 6:  Time course of polysome digestion with micrococcal nuclease.  Cytosolic polysomes 

were isolated from J558 cells via digitonin permeabilization, pelleted through a 1 M sucrose cushion & 

resuspended, then treated with 1/20 Kunitz unit per µl micrococcal nuclease for varying times at room 

temperature.  Nuclease activity was quenched with excess EGTA.  Following nuclease digestion, 

polysomes were layered over a 1 M sucrose cushion, centrifuged, and the supernatant and pellet fractions 

were analyzed on 12.5% gels via SDS-PAGE and Western blotting for PABP and representative ribosomal 

proteins L3/L4.   
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2.3.2 Determining the polysome quality and the efficacy of the nuclease digestion 

Other key aspects of generating quality, comprehensive samples of polysome-

associated non-ribosomal proteins for proteomic analysis are to determine the quality of the 

polysomes before nuclease digestion, and to ensure that the micrococcal nuclease digestion 

conditions selected are stringent enough to result in breakdown of polysomes into monosomes.  

Polysome profiles before and after nuclease digestion were obtained via sucrose gradient 

velocity sedimentation.  The initial isolation of cytosolic and ER-bound polysomes from J558 

plasma cells is depicted in Fig. 7, and from H929 plasma cells in Fig. 8.  Interestingly, there do 

not appear to be many free-cytosolic polysomes in H929 cells (Fig. 8B).  Even after a 3-fold 

increase in the cell number from which polysomes were isolated, abundant cytosolic polysomes 

were still undetectable (Fig. 8B, lower graph).  It appears that the H929 cells might partition 

translation slightly differently than the J558 cells.  In the H929 cells, translation on free 

ribosomes seems to occur predominately on monosomes, whereas in J558 cells polysomes are 

readily detected in the free-cytosolic ribosome population.  

Figure 9 depicts the initial isolation of total polysomes from H929 cells (9A), the 

polysome profile after a mock nuclease digest (9B), and the polysome profile after nuclease 

digestion (9C).  As expected, nuclease treatment results in a large increase in the monosome 

peak with a corresponding disappearance of the polysome peaks.  Interestingly, the polysome 

peaks corresponding to disomes or trisomes seem refractory to complete breakdown.  These 

residual polysome peaks could represent disomes or trisomes that were completely untouched 

by the nuclease, or they could represent very large polysomes that were incompletely degraded 

into disomes or trisomes.  This small amount of incomplete polysome breakdown may actually 

be desired since, because the digest conditions were optimized for minimal release of ribosomal 

proteins into the supernatant fraction, this may represent the conditions that minimize 
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degradation of ribosomal RNA.  In the mock digest control, there appears to be a significant loss 

of sample as determined by the overall lowering of the absorbance profile.  The slight increase 

in the ratio of the monosome peak height to the height of the polysome peaks suggests that, in 

addition to sample loss, some non-specific RNA degradation and polysome breakdown occurs 

during the sample processing.  

 

Figure 7:  J558 polysome profiles.  Cytosolic and ER-bound polysomes were isolated via a sequential 

detergent extraction method.  ER-bound polysomes from 20 million cells and cytosolic polysomes from 40 

million cells were layered over 15-50% sucrose gradients in an SW41 rotor and centrifuged for 3 hrs at 

35,000 RPM, 4°C.  Gradients were fractionated on the Teledyne ISCO and monitored by UV absorbance at 

260 nm (sensitivity set at 0.2). 



 

16 

 

 

Figure 8:  H929 polysome profiles.  Polysomes were isolated from 40 million cells via sequential 

detergent extraction: 1.5 ml of 0.030% digitonin permeabilization buffer (top figure in B), followed by 1.5 

ml of 2% DDM lysis buffer (A).   Lysates were layered over 15-50% sucrose gradients in an SW41 rotor and 

centrifuged for 3 hrs at 35,000 RPM, 4°C.  Gradients were fractionated on the Teledyne ISCO and 

monitored by UV absorbance at 260 nm (sensitivity set at 0.1 for ER, 0.05 for cytosol).  For the lower 

graph in B, polysomes were isolated from 120 million cells via 4.5 ml of 0.045% digitonin permeabilization 

buffer.  The lysate was concentrated to a volume of 1.5 ml in a 4-ml Amicon centrifugal concentrator (30 

kDa MWCO) prior to layering over gradient. 
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Figure 9:  Nuclease digestion of polysomes.  35 x 10
6
 H929 cells per polysome profile in A, B, 

& C were lysed in 1.3 ml of 2% DDM, 400 mM KOAc, 25 mM KHEPES pH 7.2, 15 mM Mg(OAc)2, 

0.75 mg/ml heparin.  Lysate was layered over 15-50% sucrose gradients and centrifuged in an 

SW41 rotor for 3 hrs at 35,000 RPM, 4°C.  Gradients were fractionated on the Teledyne ISCO 

(sensitivity set at 0.5) and the polysome and monosome fractions were pooled.  4 ml Amicon 

centrifugal concentrators (30 kDa MWCO) were used to concentrate the pooled fractions and 

reduce the sucrose concentration.  The gradient purified polysomes were digested with 

micrococcal nuclease (1/20 Kunitz unit per µl), then subjected to a second sucrose gradient 

fractionation on the Teledyne ISCO (sensitivity set at 0.5). 
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2.3.3 Comparison of the supernatant fractions from nuclease digested and mock 

digested polysomes 

Figure 2A indicates that proteins are present in the supernatant fractions of untreated 

polysomes.  Therefore, a more thorough comparison of the proteins present in the supernatant 

fractions of nuclease digested and mock digested polysomes was performed.  In one 

experiment, silver stained gels showed that the supernatant fractions of ER-bound polysomes 

isolated from mock-digested J558 rough microsomes had much less protein compared to the 

supernatant fraction of nuclease-digested polysomes (data not shown).  However, this result has 

not been reproducible:  in additional experiments the silver-stained banding pattern of the two 

samples appeared identical.  Figure 10 depicts a representative silver stained gel of the 

supernatant and pellet fractions from nuclease digested and mock digested total polysomes 

from H929 cells.  This result was repeated two additional times for total polysomes from H929 

cells, and again for polysomes isolated from J558 rough microsomes (data not shown).   

Interestingly, although the composition of the plus and minus nuclease samples appears 

identical via silver stained gels, Western blots for PABP clearly indicate that their protein 

composition is not identical (Fig. 11).  These blots in Fig. 11 were performed on aliquots of the 

same samples that were used for the silver stained gels in Fig. 10.  As shown previously in Fig. 

2B, PABP is mobilized from the pellet to the supernatant fraction upon nuclease digestion of the 

mRNA.   

This seemingly contradictory data raises interesting and important questions.  First, why 

are there so many proteins detected in the supernatant of mock digested polysomes?  One 

possible explanation for the presence of proteins in the supernatant fraction in the absence of 

micrococcal nuclease is that proteins are released as a result of non-specific (non-micrococcal 

nuclease mediated) mRNA degradation.  The observation of some polysome breakdown in the 

mock digest samples (Fig. 9B) suggests that the non-specific degradation explanation is likely.  
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Additionally, proteins could be released into the supernatant fraction in the absence of nuclease 

digestion due to the on/off rate kinetics of protein-RNA interactions.  It would be ideal to 

identify and control the non-specific release of proteins from polysomes.  However, if this is not 

possible, does the presence of a significant amount of proteins in the supernatant of mock 

digested polysomes pose a concern for proceeding with the nuclease digestion as a method for 

generating RNA-binding protein enriched samples for proteomic analysis? 

The presence of proteins in the supernatant fraction in the absence of micrococcal 

nuclease may not pose a concern for proceeding with this method for the following reason.  The 

proteins in the supernatant fraction of non-nuclease treated polysomes are likely a subset of 

those proteins mobilized to the supernatant fraction via micrococcal nuclease.  Western blot 

data for PABP and HuR (Figs. 1B and 2B) is consistent with a fraction of the nuclease-releasable 

protein pool finding its way into the supernatant fraction in the absence of nuclease digestion.  

Based on the data presented here, the addition of micrococcal nuclease serves as a “clean-up” 

step to ensure a more complete separation of RNA-binding proteins from ribosomal proteins.  

The overall goal of this method is to obtain a fraction enriched in RNA-binding proteins and 

depleted of ribosomal proteins, and to compare the protein composition of such fractions 

derived from cytosolic and ER-bound polysomes.  Therefore, the presence of proteins in the 

supernatant fraction in the absence of micrococcal nuclease is not in itself a drawback of this 

method.  However, there are other concerns with this method that need careful consideration 

prior to submitting samples for proteomic analysis.  These concerns are addressed in the 

following section of this chapter. 
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Figure 10:  Silver stained gels reveal that, even in the absence of micrococcal nuclease 

digestion, a significant amount of proteins are recovered in the supernatant fraction.  Total cell 

polysomes were obtained from H929 cells via lysis in 2% DDM, 400 mM KoAC, 25 mM KHEPES pH 7.2, 15 

mM Mg(OAc)2 with 0.75 mg/ml heparin. Polysomes were gradient purified & concentrated, digested with 

micrococcal nuclease, then centrifuged to pellet ribosomes.  Proteins were separated on a 12.5% SDS-

PAGE gel. 
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Figure 11:  A representative RNA-binding protein, poly(A)-binding protein, is mobilized to the 

supernatant fraction upon nuclease digestion of polysomes.  Total cell polysomes were obtained 

from H929 cells via lysis in 2% DDM, 400 mM KoAC, 25 mM KHEPES pH 7.2, 15 mM Mg(OAc)2 with 0.75 

mg/ml heparin.  Polysomes were gradient purified & concentrated, digested with micrococcal nuclease, 

then centrifuged to pellet ribosomes.  Proteins were separated on a 12.5% SDS-PAGE gel, followed by 

Western blot analysis. 
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2.4 Additional considerations prior to proceeding with the proteomic 

analysis  

 While the presence of proteins in the supernatant fraction in the absence of micrococcal 

nuclease does not in itself seem to pose a significant concern, other concerns such as the 

presence of ribosomal proteins in the supernatant fraction, detergent and salt sensitivity of 

protein-RNA & protein-protein interactions, and mRNA quality are in need of careful 

consideration.  

2.4.1 Presence of ribosomal proteins in the supernatant fraction 

 Preliminary proteomics data was obtained by mass spectrometry analysis of the 

supernatant fractions from nuclease digested cytosolic and ER-bound polysomes (Appendix A).  

Polysomes were isolated from J558 cells via a sequential detergent extraction method 

(digitonin, NP-40) or from rough microsomes via lysis in NP-40 lysis buffer, pelleted through a 

1M sucrose cushion, resuspended, digested with 1/20 Kunitz unit/µl micrococcal nuclease, and 

ultra-centrifuged to pellet the ribosomes.  The proteins present in the supernatant fraction were 

TCA precipitated, solubilized with RapiGest SF according to the manufacturer’s instructions, and 

submitted for proteomic analysis.  Of the 269 identified proteins, many function in RNA-binding, 

mRNA splicing and processing, and translation regulation (Appendix A).  This tells us that the 

nuclease-digestion method followed by mass spectrometry analysis of the supernatant fraction 

is capable of detecting and identifying RNA-binding proteins.  Although the digestion conditions 

had been selected to minimize two presumably (but not necessarily) representative ribosomal 

proteins L3 and L4 in the supernatant (Figs. 3, 6 and 11), a considerable number of ribosomal 

proteins were detected in the supernatant fractions (Appendix A).  Ribosomal proteins from 

both the 40S and 60S ribosomal subunits, as well as from the 28S and 39S mitochondrial 

ribosomal subunits, were identified.  The presence of numerous mitochondrial ribosomal 
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proteins suggests that the membrane fraction from which membrane-bound polysomes were 

isolated (particularly the membrane fraction obtained via the sequential detergent extraction 

method) contained some mitochondria.  It should also be noted that lambda light chain was not 

detected in any of these samples.  Because lambda light chain is one of the most abundant 

proteins produced by J558 cells, its absence suggests that this nuclease digestion method 

successfully depletes the samples of nascent polypeptide chains. 

The presence of ribosomal proteins in the supernatant raises the question:  is the rRNA 

being degraded?  To assess the intactness of the rRNA, one could run an RNA gel or test 

whether the ribosomes are capable of translation.  However, even if these assays indicate that 

the majority of the rRNA appears intact, it could still be possible that the rRNA of a certain 

percentage of the ribosomes is degraded enough to release ribosomal proteins into the 

supernatant.  

 This nuclease digestion method for separating mRNA associated proteins from 

ribosomal proteins relies heavily on the assumption that the ribosomes and rRNA remain intact. 

If rRNA degradation is the case, then how does one distinguish between candidate proteins that 

are detected via mass spectrometry in the supernatant because they bind (directly or indirectly) 

to mRNA or to rRNA and/or ribosomal proteins and are therefore released into the supernatant 

because of rRNA degradation rather than mRNA degradation?  Even if the rRNA remained 

completely intact, it could be hard to take a list of proteins identified via mass spectrometry and 

distinguish between mRNA vs ribosome binding proteins if there exist ribosome binding proteins 

that, due to their binding kinetics, dissociate from the ribosomes during sample processing and 

nuclease digestion to end up in the supernatant fraction.   Is this distinction between mRNA-

binding and ribosome-binding proteins even necessary to make during the initial selection of 

candidate proteins that may function in mRNA localization to the ER?  Presumably, such 
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hypothetical ribosome binding proteins would be equally present in cytosolic and ER-bound 

polysomes.  Therefore, they would not be candidate proteins even if they were released and 

detected in the supernatant fraction.  Any protein enriched in either cytosolic or ER-bound 

polysomes could be an interesting candidate for mRNA localization regardless of whether it is an 

mRNA-binding or ribosome-binding protein.  If there was a ribosome-binding protein that was 

preferentially associated with either cytosolic or ER-bound ribosomes, it could be very 

interesting and may imply that there are differences in the ribosomes themselves between 

cytosolic and ER-bound polysomes.  Looking for differences in ribosome composition between 

cytosolic and ER-bound polysomes could easily become a project in itself and, although perhaps 

interesting, is not the focus of the work presented here. 

 It appears that there is a fine line between having nuclease digestion conditions 

stringent enough to thoroughly degrade the mRNA and mild enough to avoid rRNA degradation.  

Additional optimization of the micrococcal nuclease digestion conditions may further reduce the 

amount of ribosomal proteins present in the supernatant fraction, but may not ever yield their 

complete elimination.  In that case, one would have to determine what level, if any, of 

ribosomal proteins in the supernatant fraction is acceptable.   

2.4.2 Detergent and salt sensitivity of protein-RNA and protein-protein interactions 

 Ideally, the membrane solubilization conditions for polysome isolation should minimize 

disruption of protein-RNA and protein-protein interactions.  However, there is evidence 

(presented below) that the detergent and salt conditions used during the membrane lysis and 

polysome resuspension steps can affect protein association with polysomes.  Therefore, it may 

ultimately be necessary to use multiple detergent/salt combinations when preparing samples 

for proteomic analysis in order to obtain the most complete list of candidate proteins. 
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The membrane lysis conditions can affect protein association with polysomes.  A screen 

of PABP and Sec61α association with polysomes under various detergent and salt combinations 

for ER solubilization is shown in Fig. 12.  This solubilization series replicates prior data from the 

lab (Potter and Nicchitta, 2002), and illustrates one example of an ER-membrane protein that 

demonstrates detergent-sensitive association with polysomes.  Two detergents, DDM and 

BigChap, preserve the interaction of Sec61α, a translocon component, with ribosomes; NP-40 

and DHPC disrupt this interaction.  PABP association with polysomes does not appear affected 

by any of these four detergents.  400 mM KoAc provides the most efficient solubilization of the 

ER, as indicated by the decrease in the amount of PABP detected at lower salt concentrations.  

However, for 1% NP-40, 200 mM KoAc appears sufficient.  A measure of the A260 of the lysates 

from each solubilization condition (Table 1) corresponds to the PABP Western blot data.  

 

 

 

Figure 12:  Effect of different membrane lysis conditions on ER-bound polysome solubilization.  

ER-bound polysomes were obtained from J558 cells via a sequential detergent extraction: 40 million cells 

were permeabilized in 1.5 ml of 0.030% digitonin, followed by lysis of 10 million cells in 1 ml of the 

following detergent/salt combination: 1% NP-40, 1% DDM, 35 mM BigChap, or 20 mM DHPC with 400, 

200, or 100 mM KoAc.  Lysates were layered over 1 M sucrose cushions and centrifuged to pellet 

polysomes.  TCA was added directly to the pelleted polysomes to precipitate proteins.  Proteins were 

separated on a 12.5% SDS-PAGE gel, followed by Western blot analysis for PABP and Sec61α. 
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Table 1:  ER solubilization efficiency as determined by absorbance at 260 nm.  ER-bound 

polysomes were obtained from J558 cells via a sequential detergent extraction: 40 million cells were 

permeabilized in 1.5 ml of 0.030% digitonin, followed by lysis of 10 million cells in 1 ml of the detergent 

and salt combinations indicated in the table.  The A260 of each lysate was determined and the 

concentration of RNA was calculated. 

   

Detergent [KoAc] mM A260 ng/µl RNA 

1% NP-40 

400 9.37 375 

200 8.43 337 

110 7.31 292 

1% DDM 

400 3.33 133 

200 2.13 85 

110 1.32 53 

35 mM 

BigChap 

400 3.23 129 

200 1.79 72 

110 1.15 46 

20 mM DHPC 

400 3.55 142 

200 2.20 88 

110 1.45 58 

 

  

The composition of the buffer used for resuspending pelleted polysomes can also affect 

protein association with polysomes.  Polypyrimidine tract binding protein (PTB) is an example of 

an RNA-binding protein that appears to demonstrate salt-sensitive polysome-association (Fig. 

13).  When cytosolic polysomes were isolated from J558 cells via digitonin permeabilization, 

pelleted, and resuspended in a buffer containing 300 mM NaCl, 5 mM MgCl, 50 mM Tris-HCl pH 

7.5, PTB dissociated from the polysomes and was present in the supernatant fraction even in the 

absence of nuclease (Fig. 13).  In these exact same samples, PABP was present in the 

supernatant of nuclease digested polysomes, but absent from the supernatant of undigested 

polysomes.  However, when J558 cytosolic polysomes were resuspended in a buffer composed 

of 110 mM KoAc, 25 mM KHEPES pH 7.2, 5 mM Mg(OAc)2, PTB appeared to remain in the 

polysome-pellet fraction in the absence of nuclease (Fig. 13).  Interestingly, only a fraction of 
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PTB was mobilized to the supernatant upon addition of nuclease.  It would be ideal to repeat 

these two experiments side-by-side to confirm the result, as they were not performed in 

parallel.   

 

 

Figure 13:  Salt sensitivity of polypyrimidine tract binding protein (PTB) association with 

polysomes.  Cytosolic polysomes were isolated from J558 cells via digitonin permeabilization, pelleted 

through a 1 M sucrose cushion, resuspended in either Buffer “A” or “Buffer B”, and digested with 

micrococcal nuclease.   Buffer “A” was composed of 300 mM NaCl, 5 mM MgCl, 50 mM Tris-HCl, pH 7.5.  

Buffer “B” was composed of 110 mM KoAc, 25 mM KHEPES pH 7.2, 5 mM Mg(OAc)2.  Proteins were 

separated on a 12.5% SDS-PAGE gel, and PABP and PTB were detected via Western blotting. 

 

2.4.3 mRNA quality 

Prior to submitting samples for proteomics, one should ensure that the polysomes from 

which the mRNA-associated protein fraction is derived are of good quality, not degraded, and 

are a uniform representation of the population of mRNAs associated with free cytosolic or ER-

bound ribosomes.  However, there is data to suggest that upon solubilization of the ER, some 

mRNAs selectively become degraded.  For example, although the rRNA gels from solubilized 

polysomes appear fine with no degradation of the rRNA, Northern blots indicate that GRP94 

mRNA is substantially degraded (Fig. 14).  This data replicates data from others in the lab, who 
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have found that some ER-localized mRNAs become degraded upon solubilization of the ER while 

others remain intact.  Degradation of specific ER-localized mRNAs upon ER solubilization poses a 

concern because if certain ER-localized mRNAs are missing from the initial pool of purified 

polysomes, then their potentially interesting and relevant RNA-binding proteins will be absent 

from the samples sent to proteomics. 

 

 

 

Figure 14:  GRP94 mRNA, but not the rRNA, is degraded upon ER solubilization.  ER-bound 

polysomes were isolated via a sequential detergent extraction method.  ER-bound polysomes from 20 

million cells were layered over a 15-50% sucrose gradient and centrifuged in an SW41 rotor for 3 hours at 

35,000 RPM, 4°C.  Gradient was fractionated with the Teledyne ISCO.  The polysome profile for this 

gradient is depicted in Fig. 7A.  RNA was extracted from each gradient fraction, and RNA from even 

number fractions was separated on a 1% agarose, 3% formaldehyde gel.  After overnight transfer onto a 

nylon membrane, the membrane was cross-linked and stained with methylene blue to visualize the rRNA.  

GRP94 mRNA was detected via Northern blotting.  
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One option for controlling RNAse activity that might contribute to mRNA degradation is to 

include heparin in the buffers used in the steps of the sequential detergent fractionation 

protocol for isolation of cytosolic and ER-bound polysomes.  However, inclusion of heparin 

during all steps of the sequential detergent fractionation alters mRNA partitioning (Fig. 15).  

When heparin was included, polysome profiles and the corresponding rRNA gels indicated that 

the majority of the polysomes were in the cytosol fraction.  This is in contrast to extensively 

replicated data from J558 plasma cells in which the majority of the polysomes are ER-localized 

(Fig. 7).  Northern blots for lambda light chain mRNA indicated that, upon adding heparin to the 

sequential detergent extraction buffers, a large amount of lambda light chain mRNA (an ER-

localized mRNA) was now found in the cytosolic fraction (Fig. 15).   

In further characterization of these polysome gradient fractions, Western blots for PABP 

show that, as expected, PABP is predominately polysome associated (Fig. 15).  Sec61α is an ER 

membrane protein that comprises the protein translocon and maintains its association with 

ribosomes under these ER solubilization conditions.  The presence of Sec61α in the ER gradient 

fractions identifies these fractions as being derived from the ER.  The tRNA serves as a marker of 

the cytosol gradient fractions.   No Sec61α was detected in the cytosol gradient fractions 

indicating that, although heparin can displace ER-bound mRNAs, including heparin in the 

permeabilization step is not sufficient to solubilize the ER membrane.  ER membrane 

solubilization (or lack thereof) could be further determined by blotting for an ER lumenal protein 

in the cytosol fraction.   

These observations regarding mRNA partitioning in the presence of heparin are consistent 

with prior data indicating that heparin can displace polysomes from the ER (Freidlin and 

Patterson, 1980).  Therefore, if heparin is to be used an an RNase inhibitor, it should not be 
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included in the permeabilization or wash steps, only in the ER lysis step, so as not to alter mRNA 

partitioning.  

 

 

 

Figure 15:  Inclusion of heparin during steps of the sequential detergent fractionation protocol 

alters mRNA partitioning.  Cytosolic and ER-bound polysomes were isolated from J558 cells via the 

sequential detergent extraction protocol (digitonin permeabilization, 2% DDM lysis).  0.75 mg/ml heparin 

was included in the permeabilization, wash, & lysis buffers.  Lysates were layered over 15-50% sucrose 

gradients with 0.2 mg/ml heparin included in the gradient, and centrifuged in an SW41 rotor for 3 hrs at 

35,000 RPM, 4°C.  Gradients were fractionated on the Teledyne ISCO and the UV absorbance at 260 nm 

was monitored.  Sensitivity was set at 0.5 for cytosol and 0.2 for ER.  Every three fractions were pooled:  

500 µl was used for RNA extraction and the rest was TCA precipitated to prepare protein samples.  RNA 

was separated on 1% agarose, 3% formaldehyde gels and fluorescence of the rRNA and tRNA was 

visualized with a fluorescent gel imager (Typhoon 9400, GE Healthcare).  Lambda light chain mRNA was 

detected via Northern blotting.  Protein samples were separated on 12.5% SDS-PAGE gels, and PABP and 

Sec61α were detected via Western blotting. 
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2.5 Chapter Summary  

 Although nuclease digestion of polysomes seems to work sufficiently well to generate 

RNA-binding protein enriched samples, there are still concerns that need to be addressed prior 

to investing the time and resources into a mass spectrometry-based analysis of such samples.  

Additional work needs to be done to minimize or eliminate non-specific polysome degradation 

in the absence of micrococcal nuclease treatment.  The digestion conditions require additional 

optimization to reduce or eliminate ribosomal proteins from the supernatant fraction.  If non-

specific polysome degradation and presence of ribosomal protein in the supernatant fraction 

cannot be completely eliminated, acceptable levels (if any) need to be defined.  Consideration 

also needs to be given to the detergent and salt composition of the buffers used at all stages of 

the procedure from cell membrane lysis to polysome digestion. 
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3. Immunoaffinity Purification of Lambda Light Chain Polysomes  

 In order to perform a proteomic analysis of the RNA-binding protein composition of 

individual mRNAs, one must devise a method that will accomplish two goals:  isolation of 

polysomes translating the specific mRNA of interest, and separation of RNA-binding proteins 

from ribosomal proteins.  Previously, immunoprecipitation of individual mRNAs via an antibody 

against the nascent polypeptide chains has been reported (Kraus and Rosenberg, 1982; Korman 

et al, 1982; Neifakh et al, 1977; Payvar and Schimke et al, 1979; Lynch, 1987; Delovitch et al, 

1973).  Therefore, this approach was applied to the isolation of lambda light chain polysomes 

from J558 plasma cells.  Lambda light chain polysomes were chosen for the initial testing of this 

immunoaffinity isolation approach because they are highly abundant in J558 cells and therefore 

may be easier to isolate, in terms of fewer cells required, than lower abundance messages.  

Lambda light chain mRNA is also interesting in itself because there is evidence suggesting that 

lambda light chain mRNA may associate with the ER membrane via a distinct mechanism than 

other mRNAs, such as GRP94 and BiP mRNA (Zheng, Chen and Nicchitta, unpublished data). 

 Figure 16 outlines the procedure for immunoaffinity isolation of lambda light chain 

mRNA in preparation for proteomic analysis of the RNA-binding protein composition.  The 

sections of this chapter describe the steps taken to develop and validate this method for 

immunoaffinity purification of lambda light chain polysomes. 
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Figure 16:  Immunoaffinity isolation of lambda light chain mRNA.   
Step 1:  Lambda light chain polysomes are bound to an antibody-coupled protein A bead column. 

Step 2:  The column is washed to remove unbound polysomes.  The bound polysomes are eluted from the 

column with an EDTA wash, which dissociates the ribosomal subunits resulting in the release of the 

nascent polypeptide chains and the mRNA. 

Step 3:  The eluate is centrifuged to pellet any eluted ribosomes.  The supernatant containing the mRNA 

and its RNA-binding proteins is then processed and submitted for proteomic analysis.   
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3.1 Antibody selection  

 For immunoaffinity isolation of lambda light chain polysomes from J558 cells via an 

antibody against the nascent chains, the first step is to select an anti-mouse lambda light chain 

antibody, preferably one that has previously been tested for immunoprecipitation.  A polyclonal 

antibody, such as the Rockland anti-mouse lambda light chain antibody, was selected so as to 

ensure recognition of multiple lengths of nascent chains.  It is unlikely that this antibody will 

recognize all lengths of nascent chains, particularly the very short nascent chains, because the 

N-terminal part of antibody light chains consists of the variable region.  The variable region is 

specific to the antigen used to generate the antibody.  For example, J558 cells produce lambda 

light chain of isotype IgA and specific to alpha-1,3-dextran.  The Rockland anti-mouse lambda 

light chain antibody was not raised against the lambda light chain from J558 cells; therefore, it is 

unlikely to recognize any epitopes in the N-terminal variable region.  Because antibody light 

chains are approximately 214 amino acids long with a molecular weight of approximately 25 

kDa, and approximately half of the length consists of the variable region, it is predicted that in 

J558 cells the Rockland anti-lambda light chain antibody will only detect nascent chains of 

approximately 12 to 25 kDa that are long enough to include part of the conserved region. 

3.2 Preparation of protein A bead-antibody affinity column  

It has been reported that the Fc portion of antibodies can bind non-specifically to 

ribosomes (Delovitch et al, 1973).  Therefore, whenever immunoprecipitations are performed 

from samples containing abundant ribosomes (for example, when immunoprecipitating nascent 

polypeptide chains), the antibody should be coupled to beads so as to block the FC portion from 

nonspecific interactions with ribosomes.  A polyclonal anti-λ light chain antibody was coupled to 

protein A bead resin via direct coupling as described in the methods section.   To determine the 

efficiency of coupling, reserved bead samples taken before and after coupling were 



 

35 

 

resuspended in 1X Laemmli sample buffer, heated at 95°C for 5 min, and the supernatant was 

separated on a 12.5% SDS-polyacrylamide gel.  The presence of antibody heavy chains (55 kDa) 

in the bead supernatant before coupling, but not after coupling, indicates efficient coupling (Fig. 

17). 

 

 

Figure 17:  Efficient coupling of anti-λλλλ light chain antibody to protein A beads.  100 µl aliquots of 

the protein A bead-antibody mixture were reserved before and after the coupling reaction.  Beads were 

pelleted & resuspended in Laemmli sample buffer.  After heating at 95°C, the supernatant was separated 

on a 12.5% SDS-PAGE gel and stained with Coomassie blue.  

 

 

3.3 Immunoprecipitation of native, full-length λλλλ light chain  

 Previously, J558 cell lysate was separated via SDS-PAGE, and the Rockland anti-λ light 

chain antibody was used to successfully detect full-length λ light chain via Western blotting (S. 

Jagannathan, data not shown).  This demonstrates that the antibody can recognize denatured λ 

light chain.  Prior to using this antibody for immunoprecipitation of nascent chains, it was 

necessary to ensure that the antibody also recognizes native λ light chain.  Varying amounts of 

anti-λ light chain antibody were used to immunoprecipitate λ light chain from a constant 
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amount of J558 cell lysate.  The antibody does recognize native λ light chain, and it appears that 

approximately 5 µg of antibody is optimal for immunoprecipitation of full-length λ light chain 

from 1 x 10
6
 cell equivalents of lysate (Fig. 18).  The antibody-coupled protein A beads were also 

tested for immunoprecipitation of full-length λ light chain (Fig. 19).  The antibody-coupled beads 

also function to pull-down λ light chain.  However, when comparing the IP with 20 µl of the 

antibody-coupled beads to the IP performed by adding 5 µg of antibody followed by 50 µl of 

protein A beads, it appears that the 20 µl of antibody-coupled beads is limiting.  Therefore, the 

amount of antibody-coupled beads used per 1 x 10
6
 cell equivalents of lysate should be 

increased, perhaps to 50 µl.   

 

 

Figure 18:  Immunoprecipitation of native, full-length λλλλ light chain.  1 x 10
6
 J558 cells per IP were 

starved in met-free DMEM (4 x 10
6
 cells/ml, 30 min), then labeled with [

35
S] met/cys (8 x 10

6
 cells/ml, 125 

µCi/ml, 30 min).  CHX was added to stop labeling.  Cells were lysed in 2% DDM, 200 mM KCl, 25 mM 

KHEPES, 15 mM Mg(OAc)2 (1 ml per 10 x 10
6 

cells).  Lysate was pre-cleared with PANSORBIN, and 

immunoprecipitations were set up as indicated above.  After overnight incubation at 4°C, protein A beads 

were added and incubated for 30 min at room temperature.  Beads were pelleted, washed, and 

resuspended in 50 µl Laemmli sample buffer.  After heating at 95°C, 10 µl of the supernatant was 

separated on a 12.5 % SDS-PAGE gel.  Gel was fixed, dried, & exposed overnight to a phosphorimager 

plate.  
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Figure 19:  Antibody-coupled protein A beads function for immunoprecipitation of native λ λ λ λ 

light chain.  1 x 10
6
 J558 cells per IP were starved in met-free DMEM (4 x 10

6
 cells/ml, 20 min), then 

labeled with [
35

S] met/cys (10 x 10
6
 cells/ml, 300 µCi/ml, 15 min).  CHX was added to stop labeling.  Cells 

were lysed in 2% DDM, 400 mM KCl, 25 mM KHEPES, 15 mM Mg(OAc)2 (1 ml per 10 x 10
6 

cells).  Lysate 

was pre-cleared with PANSORBIN, and immunoprecipitations were set up as indicated above.  After 

overnight incubation at 4°C, protein A beads were added to sample #2 and incubated for 30 min at room 

temperature.  Beads were pelleted, washed, and resuspended in 5% SDS, 0.5 M Tris.  After heating at 

95°C, 10 µl (of the 50 µl) of supernatant was separated on a 15% SDS-PAGE gel.  Gel was fixed, dried, and 

exposed overnight to a phosphorimager plate.  
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3.4 Total [
35

S]-labeled nascent chains  

Initial attempts to immunoprecipitate λ light chain nascent chains from purified 

polysomes proved unsuccessful (data not shown).  It is possible that not enough cells were used 

to allow detection of the [
35

S]-labeled λ light chain nascent chains.  Therefore, an experiment 

was performed to determine the number of cell equivalents of polysomes needed to detect 

total [
35

S]-labeled nascent chains.  Polysomes from [
35

S]-labeled J558 cells were pelleted through 

a 1 M sucrose cushion and solubilized directly in 0.5 M Tris, 5% SDS.  Varying cell equivalents of 

the solubilized polysomes were separated via SDS-PAGE.  Total [
35

S]-labeled nascent chains were 

detected from as little as 0.5 x 10
6
 cell equivalents of polysomes (Fig. 20).   

Based on the data in Fig. 20, and taking into consideration that the λ light chain nascent 

chains are a fraction of the total nascent chains, 50 x 10
6
 cell equivalents of polysomes should be 

more than enough to detect immunoprecipitated λ light chain nascent chains.  However, when 

50 x 10
6
 cell equivalents of polysomes were used, immunoprecipitation of λ light chain nascent 

chains was again unsuccessful (Fig. 21A).  No bands above the background bands obtained with 

no antibody were seen.  As a control for the inability to detect immunoprecipitated λ light chain 

nascent chains, total nascent chains were visualized.  After the antigen-antibody-bead 

complexes were pelleted, the proteins in the supernatant (which should contain all the 

remaining nascent chains) were TCA precipitated and separated via SDS-PAGE (Fig. 21B).  It was 

expected that the samples in the first and third lanes would resemble the pattern of total 

nascent chains in Fig. 20; however, this was not the case.  The only bands obtained are identical 

to the background bands obtained in Fig. 21A. 

Therefore, in addition to the problem with the immunoprecipitation of λ light chain 

nascent chains, there also seems to be a problem with the detection of total [
35

S]-labeled 

nascent chains from pelleted and resuspended polysomes.  Perhaps the polysome resuspension 
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process resulted in a considerable loss of sample such that there were too few nascent chains to 

be detected.  However, based on the data in Fig. 20, even a 10-fold loss of sample due to poor 

solubilization efficiency should have resulted in detectable nascent chains in at least the 5 x 10
6
 

cell equivalents, minus antibody lane.      

If total [
35

S]-labeled nascent chains had been detected in this experiment, then there are 

several hypotheses that may explain the inability to IP λ light chain nascent chains.  These 

hypotheses are related to potential non-specific binding of the antibody and/or protein A beads 

and the possibility that the antibody may not function for immunoprecipitation under the 

concentrations of KCl and DDM used for the experiment.  However, these hypotheses will not be 

discussed in detail or immediately tested because the inability to detect even total nascent 

chains from pelleted and resuspended polysomes poses a more significant problem that needs 

to be addressed first. 
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Figure 20:  Total [
35

S]-labeled nascent chains from J558 polysomes.  J558 cells were starved in 

met-free DMEM (4 x 10
6
 cells/ml, 20 min), then labeled with [

35
S] met/cys (10 x 10

6
 cells/ml, 300 µCi/ml, 

15 min).  CHX was added to stop labeling.  Cells were lysed in 2% DDM, 400 mM KCl, 25 mM KHEPES, 15 

mM Mg(OAc)2 (1 ml per 10 x 10
6 

cells).  Lysate was layered over a 1 M sucrose cushion and ultra-

centrifuged for 40 min at 90,000 RPM, 4°C in a TLA-100.3 rotor.  Polysome pellet was solubilized directly 

in 0.5 M Tris, 5% SDS and heated at 65°C for 15 min.  4X Laemmli buffer was added to 1X, sample was 

heated at 95°C for 5 min, and varying cell equivalents were separated on a 15% SDS-PAGE gel.  Gel was 

fixed, dried, and exposed overnight to a phosphorimager plate.  
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Figure 21:  Detection of nascent chains from pelleted and resuspended polysomes.    50 x 10
6
 

J558 cells per IP were starved in met-free DMEM (10 x 10
6
 cells/ml, 20 min), then labeled with [

35
S] 

met/cys (10 x 10
6
 cells/ml, 300 µCi/ml, 15 min).  CHX was added to stop labeling.  Cells were lysed in 2% 

DDM, 400 mM KCl, 25 mM KHEPES, 15 mM Mg(OAc)2 (1 ml per 10 x 10
6 

cells).  Polysomes were pelleted 

and resuspended in lysis buffer.  After pre-clearing with PANSORBIN, polysomes were 

immunoprecipitated with 5 µl of λ light chain antibody per 50 x 10
6
 cell equivalents of polysomes in a 

volume of 0.5 ml, overnight at 4°C.  50 µl protein A beads (50% slurry) were added, incubated 30 min at 

room temperature, pelleted & washed, then resuspended in 5% SDS, 0.5 M Tris. 10 µl (of 50 µl) were 

separated on a 15% SDS-PAGE gel (panel A).  Supernatants from the IP’s were TCA precipitated, acetone 

washed, and protein pellets solubilized in 5% SDS, 0.5 M Tris.  Varying cell equivalents were separated on 

a 15% SDS-PAGE gel (panel B).  Gels were fixed, dried, and exposed overnight to a phosphorimager plate.  
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3.5 Immunoprecipitation of nascent chains without pelleting polysomes  

Because of the problems detecting total nascent chains and immunoprecipitating λ light 

chain nascent chains from pelleted and resuspended polysomes, a method was devised to IP 

nascent chains without pelleting polysomes.   

3.5.1 Overview of the proposed method 

Cycloheximide blocks translation, but does not affect the secretory pathway.  Therefore, 

it seems that, following the pulse-label with [
35

S] met/cys, one could allow the cells to incubate 

in cycloheximide until they have secreted as much full-length λ light chain as possible.  Ideally, 

the secretory pathway would remain active in the presence of cycloheximide long enough for 

the cells to secrete all of their accumulated full-length λ light chains.  Immunoprecipitation of λ 

light chain nascent chains could then be performed from the full-length λ light chain-depleted 

cell lysate.  To further ensure exclusion of full length λ light chain from the lysate, instead of 

using a whole cell lysate for the IPs, one could first permeabilize the plasma membrane with 

digitonin and wash out the cytosol as described previously for the sequential detergent 

extraction protocol (Stephens et al, 2008).  This step will get rid of any full-length λ light chain 

residing in secretory vesicles in transit through the cytosol.  Since λ light chain is a secretory 

protein translated on ER-bound ribosomes, immunoprecipitation of λ light chain nascent chains 

could then be performed from the remaining membrane-derived lysate.     

 3.5.2 Kinetics of λλλλ light chain secretion 

 In order to develop this method for generating a lysate depleted of full-length λ light 

chain, the kinetics of λ light chain secretion must be determined.  An experiment to determine 

the λ light chain secretion kinetics by immunoprecipitation of [
35

S]-labeled λ light chain from the 

cell lysates and media at various time points in the presence of cycloheximide was inconclusive:  
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it appeared that the cells were either not secreting λ light chain, or that perhaps for some 

unknown reason the IPs from the media failed (data not shown). 

 To ensure that the J558 cells are indeed secreting λ light chain, a time course of [
35

S]-

labeled λ light chain secretion was performed in the absence of cycloheximide and with a cold 

methionine chase.  The cells are secreting λ light chain (Fig. 22).  The secretion kinetics appear 

as expected when looking at the immunoprecipitations from the media.  However, the amount 

of λ light chain detected in the cell lysates does not seem to change over time.  Clearly the cells 

are secreting λ light chain, so why isn’t the cell-associated amount decreasing at later time 

points?  The anti-λ light chain antibody may be limiting – increasing the amount of antibody 

used for immunoprecipitation may allow for increased detection of cell-associated λ light chain 

at the earlier time points.  Alternatively, the bands in the cell lysate samples may represent the 

detection limit of the phosphorimager where more [
35

S]-labeled λ light chain does not make the 

band appear any darker.  Future experiments will test these hypotheses.  Also, it is difficult (if 

not impossible) to determine if the bands corresponding to full-length λ light chain in the cell 

lysate samples are composed entirely of the full-length protein or are partially composed of 

nearly full-length nascent chains.  If the bands are partially composed of almost full-length 

nascent chains, then one would not expect the band to disappear entirely – even when all full-

length λ light chain has been secreted. 
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Figure 22:  λλλλ light chain secretion from J558 cells.  1 x 10
6
 J558 cells per IP were starved in met-free 

DMEM (4 x 10
6 

cells/ml, 20 min), then labeled with [
35

S] met/cys (8 x 10
6
 cells/ml, 300 µCi/ml, 2 min).  

Cells were washed once in 1 ml regular DMEM (no serum) and resuspended at 4 x 10
6
 cells/ml in regular 

DMEM (no serum) and incubated in a 37°C water bath.  1 x 10
6
 cells (250 µl aliquots) were removed at 

various time points and pelleted.  The media supernatants were reserved and the cell pellets were 

resuspended in 1 ml PBS and stored on ice until all time points were collected.  Cells were lysed in 125 µl 

of 200 mM KCl, 25 mM KHEPES pH 7.2, 15 mM Mg(OAc)2, 2% DDM (1 ml lysis buffer per 8 x 10
6
 cells).  The 

reserved supernatants were diluted to 500 µl and the cell lysates diluted to 450 µl.  All were pre-cleared 

with 50 µl PANSORBIN, then immunoprecipitated overnight at 4°C with 50 µl of anti-λ light chain 

antibody-coupled protein A beads.  Beads were pelleted, washed, and resuspended in 5% SDS, 0.5 M Tris.  

After heating at 95°C, 10 µl (of the 50 µl) of supernatant was separated on a 15% SDS-PAGE gel.  Gel was 

fixed, dried, and exposed overnight to a phosphorimager plate. 
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3.6 Chapter summary 

Immunoprecipitation of full-length λ light chain and detection of total [
35

S]-labeled 

nascent chains from J558 cells has been successfully demonstrated.  However, detection of total 

nascent chains and immunoprecipitation of λ light chain nascent chains from pelleted and 

resuspended polysomes was unsuccessful.  Therefore, a method was devised to generate a 

lysate depleted of full-length λ light chain for immunoprecipitation of λ light chain nascent 

chains directly from the lysate without pelleting the polysomes.  The kinetics of λ light chain 

secretion are being evaluated to determine how long to incubate the cells in cycloheximide in 

order to ensure secretion of all full-length λ light chain.  Even after pulse-labeling and a 2 hr 

chase, the detection of λ light chain in the media still had not reached a plateau.  A longer time 

point (perhaps 3 or 4 hrs) may be needed to ensure secretion of all labeled λ light chain when 

the cells are simply washed and resuspended in regular DMEM for the chase.  However, 

increasing the amount of cold methionine in the chase to 2 mM may alter the secretion kinetics 

– it may actually take 2 hrs or less for the detection of secreted λ light chain in the media to 

reach a plateau.  This will be tested in a future experiment.     
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4. Materials and Methods  

4.1 Cell culture  

Murine plasmacytoma J558 cells (ATCC) were cultured in DMEM (Mediatech) 

supplemented with 10% horse serum (Hyclone SH30074.03) at 37°C with 5% CO2.  Human 

plasmacytoma H929 cells (ATCC) were cultured in RPMI 1640 (Mediatech) supplemented with 

10% heat-inactivated FBS (Invitrogen 10082-147), 0.001% beta-mercaptoethanol (Invitrogen), 

0.01% Non-Essential Amino Acids (Invitrogen), and 0.01% sodium pyruvate (Invitrogen) at 37°C 

with 5% CO2. 

4.2 Cell labeling  

 J558 cells were washed once in warm PBS, then starved for 20 to 30 min at 4 x 10
6
 

cells/ml (except where a higher cell density for starvation is indicated in the figure legend) in 

pre-warmed methionine-free DMEM (Invitrogen, DMEM High Glucose 21013) supplemented 

with 1 mM L-Glutamine (Invitrogen), 1 mM sodium pyruvate (Invitrogen), and 25 mM HEPES pH 

7.3 (Invitrogen) at 37°C with 5% CO2. 

 J558 cells were resuspended at 8 x 10
6
 cells/ml or 10 x 10

6
 cells/ml in pre-warmed 

methionine-free DMEM (supplemented as above) and labeled with 300 µCi/ml (except where 

the concentration is indicated otherwise in the figure legend) [
35

S] methionine/cysteine (Perkin 

Elmer Easy Tag Express Protein Labeling Mix) for 15 to 30 min in a 37°C water bath.  Labeling 

was stopped by addition of 100 µg/ml cycloheximide (Sigma).  Following labeling, cells were 

washed twice in cold PBS. 
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4.3 Cell lysis and subcellular fractionation  

 Digitonin and dodecylmaltoside (DDM) were from Calbiochem.  NP-40 was Igepal CA-

630 from Sigma.  BigChap, cycloheximide, and Protease Inhibitor Cocktail P8340 were from 

Sigma.  1,2-diheptanoyl-sn-glycero-3-phosphocholine (DHPC) was from Avanti Polar Lipids.  DTT 

was from Research Products International.  RNase Out was from Invitrogen.  

 Subcellular fractions containing cytosolic or ER-bound polysomes were obtained via the 

sequential detergent extraction protocol for cell suspension as previously described (Stephens 

et al, 2008).  Permeabilization buffer contained 0.015% digitonin, except where otherwise 

indicated in the figure legends.  Lysis buffer contained 400 mM KOAc and 1% NP-40 (the 0.5% 

DOC was omitted), except where other salt and detergent conditions are indicated in the figure 

legends.  When whole cell polysomes (cytosolic + ER-bound) were desired, the permeabilization 

and wash steps were omitted and cells were lysed directly in the lysis buffer.  All buffers 

contained 50 µg/ml cycloheximide, 1 mM DTT, 10 µl/ml Protease Inhibitor Cocktail, and 1 µl/ml 

RNase Out.  When large volumes of wash buffer were required, the amounts of Protease 

Inhibitor Cocktail and RNase Out were reduced by a factor of four to conserve reagents. 

4.4 Preparation of rough microsomes 

  Rough microsomes were prepared via mechanical homogenization based on previously 

described methods (Lerner et al, 2003; Stephens and Nicchitta, 2007; Stephens et al 2008).  

Approximately 360 x 10
6
 J558 cells were resuspended in 3 ml of 10 mM KOAc, 10 mM KHEPES 

pH 7.2, 1.5 mM Mg(OAc)2 (hypotonic buffer) and Dounce homogenized.  The homogenate was 

centrifuged for 10 min at 1500 x g, 4°C.  The post-mitochondrial supernatant was then 

centrifuged for 20 min at 47,000 RPM in a TLA 100.3 rotor.  The membrane pellet was 

resuspended in 120 µl of 150 mM KOAc, 25 mM KHEPES pH 7.2, 5 mM Mg(OAc)2 (isotonic 

buffer) and diluted to 750 µl by addition of 630 µl of 2.5 M sucrose in 150 mM KOAc, 25 mM 
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KHEPES pH 7.2, 5 mM Mg(OAc)2.  A gradient was prepared by overlaying 0.750 ml of 

resuspended membranes in 2.1 M sucrose with 0.750 ml of 1.9 M sucrose, 0.375 ml of 1.3 M 

sucrose, and 0.125 ml of isotonic buffer (0 M sucrose).  Gradient was centrifuged for 2 hr 34 min 

at 55,000 RPM, 4°C in a TLS-55 rotor.  A pipet was used to remove the rough microsome layer 

located at the 1.3 M/1.9 M sucrose interface.  The rough microsomes were quickly frozen on a 

dry ice/ethanol bath and stored at -80°C until needed.  All buffers contained 50 µg/ml 

cycloheximide, 1 mM DTT, 10 µl/ml Protease Inhibitor Cocktail, and 1 µl/ml RNase Out.      

4.5 Polysome purification via pelleting and resuspension  

 Whole cell lysates or subcellular cytosolic and endoplasmic reticular fractions were 

layered over a 1 M sucrose cushion (2:1 or 3:1 ratio of lysate:sucrose) and centrifuged for 40 

min at 90,000 RPM, 4°C in either a TLA 100.2 or TLA 100.3 rotor.  1 M sucrose was made in 

either permeabilization buffer or lysis buffer, omitting the detergents, and contained 50 µg/ml 

cycloheximide, 1 mM DTT, 10 µl/ml Protease Inhibitor Cocktail, and 1 µl/ml RNase Out.  The 

polysome pellet was resuspended in 300 mM NaCl, 5 mM MgCl, 50 mM Tris-HCl pH 7.5 

containing 50 µg/ml cycloheximide, 1 mM DTT, 10 µl/ml Protease Inhibitor Cocktail, and 1 µl/ml 

RNase Out.  After nuclease digestion of polysomes, the same centrifugation conditions were 

used to pellet the ribosomes.    

4.6 Velocity sedimentation for polyribosome analysis and gradient 

purification of polysomes  

Cell lysates or subcellular fractions (1 to 1.5 ml) were layered onto continuous 10 ml 15-

50% sucrose gradients and centrifuged in an SW41 rotor for 3 hrs at 151,000 x g, 4°C as 

previously described (Stephens and Nicchitta, 2007).  Gradient fractions were collected and 

ultraviolet (UV) absorbance at 260 nm was monitored with the Teledyne ISCO automated 

gradient fractionator as previously described (Stephens and Nicchitta, 2007). 
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 Gradient fractions containing polysomes and the 80S monosome peak were pooled and 

transferred to 4-ml Amicon centrifugal concentrators (30 kDa molecular weight cut-off).  The 

sucrose concentration was reduced by repeated cycles of concentration and dilution into the 

same buffer in which the 15 and 50% sucrose solutions were made, minus the sucrose.  An 

approximately 5 to 10 fold dilution of the sucrose concentration was achieved, and the samples 

were concentrated to a final volume of 0.5 to 1 ml prior to further analysis or nuclease 

digestion. 

4.7 Nuclease digestion of polysomes  

 Polysomes were digested with 40 µg/ml RNase A (Ribonuclease A Type II-A from Bovine 

Pancrease, Sigma R-5000) at room temperature for 1 hr.  Polysomes were digested with 

micrococcal nuclease (New England Biolabs) at room temperature.  The concentration of 

micrococcal nuclease and the digestion time varied depending on the experiment, and are 

indicated in the figure legends.  The concentration of polysomes and the reaction volume also 

varied.  As a rough estimate, the digestion volume ranged from 100 µl to 1 ml and the RNA 

concentration (as determined via absorbance at 260 nm on the NanoDrop) ranged from 40 

ng/µl to 1700 ng/µl.  2 mM CaCl2 was included in all micrococcal nuclease digestions.  EGTA was 

added to a final concentration of 5 mM to quench the micrococcal nuclease activity. 

4.8 Protein isolation  

 Proteins from various samples (such as total polysomes, supernatant and pellet 

fractions of nuclease or EDTA treated polysomes, or sucrose gradient fractions) were isolated by 

trichloroacetic acid (TCA) precipitation.  Cold 100% TCA was added to a final concentration of 

10%, samples were incubated on ice for 20 min, and centrifuged at maximum speed 

(approximately 21,000 x g) in a microcentrifuge for 15 min at 4°C.  Protein pellets were washed 
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twice in 200 µl of cold acetone and solubilized in 5% SDS, 0.5 M Tris sample buffer with 

vortexing and heating at 65°C as necessary. 

 Protein samples were prepared for SDS-PAGE by addition of 4X Laemmli gel loading 

buffer to 1X and heating at 95°C for 3 to 5 minutes. 

 The protein concentrations of the samples were not determined.  Instead, cell 

equivalent volumes (for samples derived from total polysomes or supernatant and pellet 

fractions of nuclease or EDTA treated polysomes) or gradient fraction equivalent volumes (for 

samples derived from sucrose gradient fractions) were loaded for SDS-PAGE.   

4.9 Immunoblotting  

 Rabbit anti-PABP and mouse anti-HuR antibodies were provided by Jack Keene (Duke 

University).  Chicken anti-L3/L4 and rabbit anti-Sec61α antibodies were made by Chris Nicchitta.  

Rabbit anti-polypyrimidine tract binding protein (PTB) antibody was provided by Shelton 

Bradrick (Mariano Garcia-Blanco lab, Duke University).  Secondary antibodies used were goat 

anti-rabbit HRP (Sigma, 1:3500), goat anti-mouse HRP (Sigma A9917, 1:2500), sheep ECL anti-

mouse HRP-linked whole antibody (Amersham Biosciences NA931, 1:5000), and HRP labeled 

goat anti-chicken IgY (Aves Labs, 1:2500). 

Protein samples were separated by SDS-PAGE, then transferred to nitrocellulose 

membranes via a semi-dry transfer apparatus (Bio-Rad).  Transfer was carried out at 100 mAmp 

for 30 min in a transfer buffer containing 50 mM CAPS (pH 11.0), 20% methanol, and 0.075% 

SDS.  Membranes were blocked in phosphate-buffered saline (PBS) with 10% milk and 0.1% 

Tween 20 at room temperature for 1 hr.  Primary antibodies for PABP, L3/L4, Sec61α, and PTB 

were used at 1:1000.  HuR antibody was used at 1:250.  Primary incubations were performed 

overnight at 4°C in PBS with 1% or 2% milk and 0.1% Tween 20.  Secondary incubations were 

performed for 1 hr at room temperature in an identical buffer.  Immunoblots were visualized 
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using the HyGlo Quick Spray Chemiluminescent HRP Antibody Detection Reagent (Denville 

Scientific).  

4.10 Coomassie and silver staining  

 Standard protocols were followed for Coomassie and silver staining.  Gels were stained 

with Coomassie blue (typically overnight), then destained with a 35% methanol, 10% glacial 

acetic acid solution.  For silver staining, the ProteoSilver
TM

 Plus Silver Stain Kit (Sigma-Aldrich) 

was used. 

4.11 RNA isolation  

 RNA was isolated from sucrose gradient fractions by the addition of guanidine 

thiocyanate buffer and phenol-chloroform extraction as previously described (Stephens et al, 

2008).  RNA pellets were resuspended in 15 µl of nuclease-free water.  The entire amount of 

RNA from each sample was used for agarose gel electrophoresis and Northern blotting.  If 

necessary, RNA samples were concentrated in the speed-vac prior to loading on agarose gels.   

4.12 Northern blot analysis  

 Northern analyses were conducted according to standard protocols as described in the 

ExpressHyb Hybridization Solution User Manual (Clontech, Protocol No. PT1190-1, Version No. 

PR983315, published August 2009). 

 Total RNA was purified from gradient fractions as described above, and separated on 1% 

agarose, 3% formaldehyde gels as previously described (Stephens et al, 2008).  SYBR Safe DNA 

gel stain (Invitrogen) was added to the agarose gels at 1:10,000.  Equal volumes of RNA from 

each gradient sample were loaded on the gels; however, the amount of RNA in the gradient 

samples varied due to the different sedimentation rates for ribosomal subunits, monosomes, 

and polysomes. 
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 RNA was transferred onto Hybond-XL charged nylon membranes (Amersham, GE 

Healthcare) by downward capillary flow in 5X SSC, 10 mM NaOH as previously described 

(Stephens et al, 2008).  The Hybond membranes were cross-linked, then prehybridized in 

ExpressHyb
TM

 Hybridization Solution (Clontech) for 1 hour at 52°C (cDNA probe) or 37°C 

(oligonucleotide probe).  GRP94 cDNA probe was denatured at 95°C for 3 min.  Membranes 

were hybridized in 10 ml ExpressHyb containing 16 µl of radiolabeled probe overnight at 52°C 

(cDNA probe) or 37°C (oligonucleotide probe).  Membranes were washed as indicated in the 

ExpressHyb Hybridization Solution User Manual.  Hybridization products were detected by 

phosphorimaging with a Typhoon 9400 (GE Healthcare). 

 Membranes were probed with a KpnI fragment of canine GRP94 cDNA (975 bp) or a 

probe for λ light chain consisting of the following oligonucleotide sequence:  5’ – CTT GTC TCC 

AAT CAG GGA GC – 3’.  The GRP94 cDNA probe was internally labeled with α-[
32

P]dCTP (MP 

Biomedical) using a random hexanucleotide primer kit (Roche).  The λ light chain 

oligonucleotide probe was end-labeled with γ-[
32

P]ATP (Perkin Elmer) using T4 polynucleotide 

kinase (New England Biolabs).  Probes were purified away from unincorporated α-[
32

P]dCTP or γ-

[
32

P]ATP with NICK columns (Amersham Biosciences, GE Healthcare) according to the 

manufacturer’s instructions.  
  

4.13 Preparation of protein A bead-antibody affinity column  

 The protein A bead-antibody affinity column was prepared by direct coupling as 

previously described (Antibodies – A Laboratory Manual, Ed Harlow and David Lane, 1988).   

 0.5 ml protein A bead resin (Adar Biotech) was mixed with 1 mg of anti-λ light chain 

antibody (Rockland, 610-4111) and incubated at room temperature for 1 hr with gentle rocking.  

5 ml of 0.2 M sodium borate (pH 9.0) was added to the antibody/bead slurry and centrifuged at 

500g for 5 min at room temperature.  The supernatant was aspirated and beads were washed 
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two additional times in 5 ml of 0.2 M sodium borate (pH 9.0).  The equivalent of 10 µl of the 

uncoupled beads (100 µl) was reserved.  Dimethyl pimelimidate (solid) was added to a final 

concentration of 20 mM, and incubated for 30 min at room temperature with gentle rocking.  

The equivalent of 10 µl of the coupled beads (100 µl) was reserved.  Beads were centrifuged at 

500g for 5 min at room temperature and the supernatant discarded.  Beads were washed once 

in 5 ml 100 mM triethanolamine (pH 8.0), resuspended in 5 ml 100 mM triethanolamine (pH 

8.0), and incubated for 2 hr at room temperature with gentle mixing.  Beads were centrifuged 

(500g, 5 min, room temperature) and resuspended in 2 ml sterile PBS with 0.01% sodium azide.  

The antibody-coupled beads were stored at 4°C.   

 To determine the efficiency of coupling, the reserved bead samples taken before and 

after coupling were resuspended in 1X Laemmli sample buffer and heated at 95°C for 5 min.   

The supernatant from the equivalent of 9 µl of beads (9/10 of each sample) was separated on a 

12.5% SDS-polyacrylamide gel and stained with Coomassie blue.  

4.14 Immunoprecipitation of native, full-length λλλλ light chain  

 1 x 10
6
 J558 cells per immunoprecipitation were labeled with [

35
S] methionine/cysteine 

as indicated above.  Cells were lysed in 2% DDM (Calbiochem), 200 to 400 mM KCl, 25 mM 

KHEPES pH 7.2, 15 mM Mg(OAc)2 containing 50 µg/ml  cycloheximide (Sigma), 10 µl/ml Protease 

Inhibitor Cocktail (Sigma), and 1 µl/ml RNase Out (Invitrogen).  1 ml lysis buffer was used per 8 x 

10
6
 to 10 x 10

6
 cells.  Lysate was centrifuged at maximum speed in a microcentrifuge 

(approximately 21,000 x g) for 10 min at 4°C and supernatant transferred to a new tube.  Lysate 

from the equivalent of 1 x 10
6
 cells was diluted to 0.45 ml in 200 mM KCl, 25 mM KHEPES pH 7.2, 

15 mM Mg(OAc)2.  PANSORBIN Staphylococcus aureus cells (Calbiochem) were washed in 1 ml of 

200 mM KCl, 25 mM KHEPES pH 7.2, 15 mM Mg(OAc)2.   Lysate was pre-cleared with 
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PANSORBIN cells (50 µl per 450 µl diluted lysate from 1 x 10
6
 cells) for 30 min to overnight at 4°C 

with end-over-end rotation, then centrifuged for 1 min at maximum speed in a microcentrifuge.   

Anti-λ light chain antibody (Rockland, 610-4111) was added to the cleared lysate and 

incubated overnight at 4°C with end-over-end rotation.  Protein A beads (Adar Biotech) were 

washed twice in 1 ml of 200 mM KCl, 25 mM KHEPES pH 7.2, 15 mM Mg(OAc)2, then 

resuspended to a 50% slurry,  50 µl of 50% protein A bead slurry was added to the lysate 

containing the antigen-antibody complex (50 µl per diluted lysate from 1 x 10
6
 cells) and 

incubated for 30 to 40 min at room temperature with end-over-end rotation.  Alternatively, an 

aliquot of the λ light chain antibody-coupled protein A beads was added to the cleared lysate 

and incubated overnight at 4°C with end-over-end rotation.  The amounts of antibody or 

antibody-coupled beads added are indicated in the figure legends. 

Beads were pelleted by centrifugation for 30 seconds in a mini bench-top centrifuge and 

washed three times in 0.5 ml cold buffer (200 mM KCl, 25 mM KHEPES pH 7.2, 15 mM 

Mg(OAc)2), followed by two washes in 0.5 ml cold PBS.  Beads were resuspended in either 50 µl 

1X Laemmli sample buffer or 37.5 µl 5% SDS, 0.5 M Tris plus 12.5 µl 4X Laemmli sample buffer 

and heated at 95°C for 5 min.  10 µl of the supernatant containing the protein of interest, λ light 

chain, was separated on a 15% SDS-polyacrylamide gel.  The gel was fixed in 35% methanol, 10% 

glacial acetic acid, rinsed several times in dH2O, dried, and exposed overnight to a blanked 

phosphorimager plate.  Phosphorimaging was performed with a Typhoon 9400 (GE Healthcare).   
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4.15 Preparation of samples for proteomic analysis  

Samples for proteomic analysis were prepared from the following sources of polysomes as 

indicated below. 

4.15.1 Digitonin cytosol 

The cytosol fraction was obtained from 120 x 10
6
 J558 cells (prep 1) or 80 x 10

6
 J558 cells 

(prep 2) via digitonin permeabilization (1 ml of permeabilization buffer per 10 x 10
6
 cells).  The 

cytosolic polysomes were collected by pelleting through a sucrose cushion and digested with 

micrococcal nuclease (1/20 Kunitz unit per ml in a reaction volume of approximately 600 µl for 

prep 1 and 400 µl for prep 2).  Following digestion, the ribosomes were pelleted.  The proteins 

remaining in the supernatant fraction were TCA precipitated and solubilized in 20 µl of 1% 

RapiGest SF Surfactant (Waters).  Once solubilized, the concentration of RapiGest SF was diluted 

to 0.5% by addition of 50 mM ammonium bicarbonate.  For cytosol prep 1, 14.4 µg total protein 

at 0.38 µl/µl was submitted for proteomic analysis.  For cytosol prep 2, 30 µg total protein at 1.3 

µg/µl was submitted for proteomic analysis via mass spectrometry. 

4.15.2 Sequential detergent extracted membranes 

After digitonin permeabilization to obtain the cytosolic polysomes for cytosol prep 1, the ER-

bound polysomes were obtained from the same 120 x 10
6
 J558 cells via lysis in 1 ml of NP-40 

lysis buffer per 10 x 10
6
 cells.  The polysomes were collected by pelleting through a sucrose 

cushion and digested with micrococcal nuclease (1/20 Kunitz unit per µl in a reaction volume of 

approximately 1200 µl).  Following digestion, the ribosomes were pelleted.  The proteins 

remaining in the supernatant fraction were TCA precipitated and solubilized in 30 µl of 1.4% 

RapiGest SF.  Once solubilized, the concentration of RapiGest SF was diluted to 0.5% by addition 
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of 50 mM ammonium bicarbonate.  25.2 µg total protein at 0.24 µg/µl was submitted for 

proteomic analysis via mass spectrometry. 

4.15.3 Floated membranes 

Rough microsomes were thawed, diluted 1:5 with 3 ml isotonic buffer (150 mM KOAc, 25 

mM KHEPES pH 7.2, 5 mM Mg(OAc)2), and centrifuged at 50,000 RPM for 20 min at 4°C in a TLA 

100.3 rotor.  Rough microsomes were lysed in 1.5 ml NP-40 lysis buffer and the polysomes were 

collected by pelleting through a sucrose cushion.  Following micrococcal nuclease digestion of 

the polysomes (1/20 Kunitz unit micrococcal nuclease per µl in a reaction volume of 

approximately 100 µl), the ribosomes were pelleted.  The proteins remaining in the supernatant 

fraction were TCA precipitated and solubilized in 10 to 15 µl of 1.5% RapiGest SF.  Once 

solubilized, the concentration of RapiGest SF was diluted to 0.5% by addition of 50 mM 

ammonium bicarbonate.  Approximately 6 µg total protein was submitted for proteomic analysis 

via mass spectrometry. 

4.16 General  

 All buffers for cell lysis and subcellular fractionation, polysome purification via pelleting 

and resuspension, velocity sedimentation, RNA isolation, separation of RNA by agarose gel 

electrophoresis, immunoprecipitation of λ light chain nascent chains, and immunoaffinity 

isolation of λ light chain polysomes were made with DEPC-treated solutions. 
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Appendix A:  Preliminary Proteomics Data 
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Cytosolic and membrane-bound polysomes were digested with micrococcal nuclease, 

centrifuged, and samples of the proteins present in the supernatant were prepared for mass 

spectrometry analysis as described in section 4.15 of the Materials and Methods.  Identified 

proteins are color-coded according to their enrichment:   

 Yellow – Enriched in free cytosolic polysomes 

 Orange – Present in free cytosolic and membrane-bound polysomes 

Blue – Enriched in membrane-bound polysomes isolated via the sequential detergent 

extraction method  

Green – Enriched in membrane-bound polysomes isolated from floated membranes 

Violet – Present in membrane-bound polysomes isolated via the sequential detergent 

extraction method and from floated membranes  
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