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Mouse L cells were grown in the presence of [32p] phosphate and two dimensional 
gel electrophoresis and radioautography was used to examine the labell ing pattern of 
ribosomal proteins in the presence and absence of r icin. The major proteins that were 
phosphorylated were Ld0/Ld l ,  although others were phosphorylated to a smaller 
extent. There was an apparent decrease in the extent of L I / L2  phosphorylation 
brought about by r icin; however, the extent of Ld0/L¢I  phosphorylation was 
unchanged. 

The toxic action of r icin is generally considered to be enzymatic (I)  although 

Hedblom et al. (2) have shown that the binding of r ic in and its constituent polypeptide 

chains is stoichiometric. Ricin specif ical ly inactivates the 60S ribosomal subunit of 

susceptible ribosomes (.?,,4,5) and is thought to af fect  EF-I  and EF-2 associated 

functions (6,7), but not peptidyl transferase act iv i ty  or in i t ia t ion (g). Ricin requires no 

addition of cofactors to result in inactivat ion (I) and does not appear to be a 

endonuclease (9). Since no change was observed in the two dimensional pattern after 

treatment of 805 rabbit ret iculocyte ribosomes with r icin, i t  was concluded that r icin 

has no apparent proteolyt ic action, although the possibil i ty was not ruled out that r ic in 

could have a slight and very specific proteolyt ic ac t iv i ty  (1). Based on the 2 to 1 

stoichiometry of binding of r icin A chain to the 60S subunit of rat l iver, the possibi l i ty 

has been put forward that L¢0 and L¢l  might serve as the site of binding (2). Because 

phosphorylated ribosome proteins, such as $6, migrate on the edge of the Coomassie 

Blue stained spot ( I f ,12) and Ld0/Ldl  stain so weakly, studies such as that of Lugnier 

e tt a l. (1) may not adequately detect r icin induced changes. Therefore, we wanted to 

determine i f  Ld0/Ld l  was phosphorylated in mouse L cells and i f  r icin was able to 

dephosphorylate the two acidic proteins, an action requiring no cofactor. 
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MATERIALS AND METHODS 

Ricin was purified by BiD=Gel and CM=Bio=Gel A chromatography (13), The 
preparation of ricin I shows only a single band upon pH 8.3 gel electrophoresis, has a 
molecular weight of i~4,000 and inhibits the translat ion of polyuridylic acid by rat liver 
ribosomes at levels of l=10 ng/ml.  

NCTC clone 929 mouse ceils, strain L, were grown without serum on the surfaces 
of 2 liter roller bottles containing 100 ml of culture medium (14). The medium was 
replaced on the fourth day to insure maximal growth. On the sixth day, the bottles 
were roiled at 5 RPM for 60 rain. at  2 hour intervals over an 8 hour period to ~ l o d g e  
rounded, mitotic cells. The remaining cells were labelled with 20 to 60 ~I of [ ~ P ]  (25 
mCi/ml,  Amersham Searle) in medium containing one tenth as much phosphate as the 
complete medium. The cells were harvested after  24 hours of labelling and the 
ribosomes isolated (15). The polysomes from the Palmiter  method were suspended in 
0.6 M NH CI in buffer A of Staehelin and Falvey (16), collected by centr ifugation 
through 0.2 M sucrose in buffer A, t reated with 20 )jg/ml of ribonuclease) collected by 
centr ifugation through 0.7 M sucrose in buffer A, t reated with 0.596 sodium 
deoxycholate and centrifuged through 0.7 M sucrose in buffer A. Ribonuclease t reated 
monosomes were sensitive to ricin and were more act ive than untreated preparations 
in polyuridylic acid t ranslat ion.  Samples of ribosomes were t rea ted with ricin at final 
concentrat ions up to 0.59 mg/ml for 30 minutes at 37 ° . The concentrat ions of ricin 
used were sufficient to produce maximal inactivation within 10 minutes (2). The 
ribosomal proteins were extracted in 3 M LiCI-4 M urea (17) and precipitated with 
tr ichloroacetic acid (18). Equal amounts of control or r ic in- t rea ted  ribosomes, 
between 30 and 50 Av~ n units, were used for gel electrophoresis (19). Rat  liver protein 
synthesis was assayec~u'~ing polyuridylic acid as described previously (2,3). 

RESULTS 

Labellin 8 pat tern of 80S ribosomes: Radioautograms of labelled 80S ribosomal 

proteins are compared in Fig. 1 to the pattern of the same gel obtained by staining 

with Coomassie Blue. The origin was intensely labelled and up to twelve [ 32p] positive 

spots have been observed with 80S ribosomes. The most intensely labelled proteins 

were those corresponding to L#0/L41, using the Wool and St/Sffler numbering system 

(20). The other proteins which contain [32p] are L1, L2, S12 and $6. In other 

experiments we found that  S17, $20, $31 or L20, $21, LI4 and L21 contained small 

amounts of label. All of these proteins have been weakly labelled compared to the 

extent  of phosphorylation of L40/L41. 

Alkaline phosphatase t r ea tment  (0.7 mg/ml) of the labelled ribosomes for 30 min. 

at  37°resul ted in the disappearance of all the [32p] spots except for the origin, which 

is probably RNA. Trea tment  of the extracted proteins to remove phospholipids (21) 

from possible membrane contaminat ion resulted in no change in the radioautograms. 

Fig. 2 shows the effect  of ricin t rea tment  on both the [32p] labelling and 

Coomassie Blue staining pat tern of identical quanti t ies of 80S ribosomal proteins. The 
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re la t ive  amounts of [32p] under each spot were e s t ima ted  using a Densichron 

dens i tometer  a f te r  cor rec t ing  for the background densi ty.  L40/L#I were only weakly 

s ta ined by Coornassie Blue~ however,  no s ignif icant  change in the intensi ty  of the [32p] 

label l ing could be de t ec t ed  in L¢0/L¢I between r i c in - t r ea t ed  (Fig. 2) and control  

r ibosomes (Fig. 1). No changes in intensi ty  of L¢0/L¢I  were observed with e i ther  short  

or long periods of film exposure. As an example,  the L¢0/L¢I  spot in one exper iment  

could be divided into two regions of intensi ty which were reasonably well resolved on 

the fi lm, the upper spot having an absorbance of 1.~9 in the r i c in - t r ea t ed  gel and 1.62 

in the control  gel. The lower region had an absorbance of 1.78 in the r i c in - t r ea t ed  gel 

and 1.80 in the control  gel.  Only one change in the pa t t e rn  of phosphorylation resul ted  

from ricin t r ea tmen t .  The intensi ty of the [32p] spots we ident i fy  as LI  and L2 was 

reduced by ricin t r ea tmen t ;  however, the intensi ty  (which was weak) of Coomassie  

Blue staining of L1 and L2 between r i c in - t r ea ted  and un t rea ted  controls  appeared  to be 

unchanged. Because ribosomes were not re isola ted  to remove ricin, any d i f ferences  in 

quanti ty of LI and L2 would have to be due to a change in solubil i ty in LiCl /urea  or 

TCA or to a changed mobil i ty upon ricin t r e a t me n t .  The reduction in [32p]was easi ly 

observed in three  of four experiments~ one exper iment  did not show this d i f ference .  

Effec t  of ricin on phosphor~,lation pa t t e rn  of 60S subunits: The two dimensional 

e lec t rophore tograms  of the 60S proteins a f te r  ricin t r e a t m e n t  are  shown in Fig. 3. The 

spots above LI  and L2 in Fig. 3B are  due to added ricin. The [32p]spots  ident i f ied  as 

¢0S proteins  in Fig. 1 and 2 are not present  in the 60S radioautograms (Fig. 3C and 3D). 

A weak spot is present  which is marked with a question mark since proteins from both 

subunits, $31 and 1.20, comigra te  at  this posit ion. The poorly label led proteins  were 

not observed in 80S ribosomes when the short  exposure t ime was employed.  The 

e longated s treaks to the right of L40/L¢I seen with 80S monosomes are  absent .  As 

expected ,  the L¢0/L¢I  proteins were intensely label led compared  to the L1 and L2 

proteins.  In agreement  with the results  using undissociated ribosomes,  the in tens i ty  of 

the [32p] spots of L¢0/L¢I  (2.67 and 2.81 in r i c in - t r ea t ed  and control  samples ,  

respect ively)  did not appear  to change s ignif icant ly  when ident ical  quant i t ies  of 

control  and r i c in - t r ea t ed  60S subunits were compared.  Fur the rmore ,  t r e a t m e n t  with 
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ricin appeared to decrease  the amount of [32p]label  found assoc ia ted  with LI  and L2 

and in one case  the LI  and L2 [32p]spots were comple te ly  absent  from the ricin- 

t r ea t ed  sample.  The intensi ty of the L I /L2  [32p]spots in Fig. 3 are  0,05 and 0.24 for 

r i c in - t r ea t ed  and control  samples,  respect ive ly .  The reduction in the intensi ty  of 

L I/L2132p] spots by ricin t r ea tmen t ,  although somewhat  var iable ,  was reproduced on 

three  separa te  occasions using three  d i f ferent  prepara t ions  of 60S ribosomal subunits.  

Effec t  of alkal ine phosphatase on protein synthes!s: Ra t  l iver  r ibosomes (2) were 

t r e a t ed  with E. coli alkaline phosphatase.  No signif icant  d i f ference  in the  abi l i ty  of 

the t r ea ted  ribosomes to synthesize polyphenylalanine as compared  to controls  was 

observed except  a t  very high concentra t ions  of phosphatase (Fig. 4). Ident ical  results  

were obtained when phosphatase was added to polyuridylic acid  for I0 minutes  before  

r ibosomes were added suggesting tha t  the message was being degraded at  high alkal ine 

phosphatase concentra t ions .  

DISCUSSION 

The major proteins that  are  phosphorylated are  Lt~0/L41 in mouse L cells.  Acidic 

proteins are known to be phosphorylated in other  cells  (22~23) and although no 

quant i ta t ive  da ta  are  avai lable on the ex ten t  of labell ing,  i t  is l ikely tha t  L40/L41 

contain several  phosphate groups in view of the intensi ty  of the [32p] spots compared  

to the other  phosphorylated proteins.  The e longated L40]L41 spots seen especia l ly  

with proteins ex t r ac t ed  from polysomes may be indicat ive  of some he te rogene i ty  in 

the ex ten t  of phosphorylation.  No signif icant  change could be demons t ra ted  in the 

s t a t e  of phosphorylation of L40[L41 brought about by ricin t r e a t m e n t  and no 

di f ferences  could be de tec ted  in the position of the phosphorylated ribosomal prote ins  

a f te r  two dimensional gel e lectrophoresis .  The only changes in phosphorylation pa t t e rn  

that  were observed are  with the  LI  and L2 proteins;  however,  LI  and L2 are  so poorly 

label led that  the conclusion that  ricin is a specif ic  phosphatase is p remature .  

FIG. 3. C0mparison of the pa t te rn  of phosphorylation between ricin t r e a t e d  ~ d  
un t rea ted  purif ied 60S ribosomal subunits: The 40S and 60S subunits from [~"P] 
label led mouse L cells were prepared by the procedure of Blobel and Sabatini  (27). A 
sample ( 5 5 . 3 A ~  n units) of 60S ribosomal subunits was e x t r a c t e d  with LiCl /urea  and 
prepared for g%l~electrophoresis (A) and radioautography (C). A sample  of ident ical  
size was t r ea ted  with a 10-fold molar excess of ricin and prepared in paral le l  for gel 
e lec t rophores is  (B) and radioautography (D). 
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FIG. 4. Effec t  of alkal ine phosphatase on synthesis of polyphen~lalanine: Dialyzed 
alkaline phosphatase Was added to a concentra t ion  ol 2.3t~ ( m ) ,  0.23g ( 0 )  and 0.023 
( r-] ) mg/ml  to about 3 Ao~ n units ol ra t  l iver r ibosomes in 100 ul of buffer.  Af te r  a 10 
minute incubation at  3 7 ~ ' ~  200 pl of a mixture  containing the necessary components  
Ior  the t ransla t ion of polyuridylic acid was added. Samples were  quenched in TCA, 
I i l t e r ed  Ior liquid scint i l la t ion counting, and compared to controls  ( O )  without ricin 
t r e a tmen t .  

Nevertheless ,  the apparent  dephosphorylation ol LI  and L2 is consistent  with the 

known locat ion ol ricin act ion on the 60S subunit. 

There are  several  arguments  against  a hypothesis tha t  this  apparent  act ion ol 

ricin is d i rec t ly  involved in inhibiting r ibosome ac t iv i ty .  No da ta  are avai lable which 

cor re la te  the s t a t e  of r ibosomal phosphorylation with any change in the pa t te rn  or 

spec i l i c i ty  ol t ransla t ion (24). Fur thermore ,  E. coli alkal ine phosphatase at  low to 

modera te  concentra t ions  had no e f fec t  ol polyuridylic acid t rans la t ion  ac t iv i ty .  II the 

ac t ion ol ricin were to dephosphorylate  L I and L2, result ing in inact ivat ion of the 

r ibosome, this would imply a role Ior L 1 and L2 in which they were necessar i ly  present  

in a phosphorylated s t a t e  in order for the  r ibosome to be ac t ive .  This would appear  not 

to be the case since LI  and L2 are  not universally phosphorylated (11,12,25). 

Detect ion ol LI  and L2 on gels is compl ica ted  by the fac t  tha t  they stain poorly and 

are  not consis tent ly  seen by all labora tor ies  (26). 
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From this work, we conclude that ricin does not act  as a phosphatase removing 

phosphoryl groups from L40/L41, but we cannot definitely rule out the possibility that 

ricin is a highly specific phosphatase acting on LI and L2. However, if this is a true 

action of ricin, it is not at all clear how this effect  would be directly associated with 

the inhibitory ef fect  of ricin on protein synthesis. 
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