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SUMMARY 

Labelinq of a ce l l - f ree  extract derived from eye lens t issue with:~35S)Met - 
tRNA TMe~ results in a -c rys ta l l i n  polypeptides which bear acetyl-(~S)methionine 
in N-terminal posit ion. An attempt has been made to determine the exact moment 
of acetylat ion. For that purpose peptidyl-tRNAs were isolated in a one-step 
procedure which is based on a special ly designed sucrose gradient referred to 
as st r ip-gradient .  Separation of the nascent chains has been carried out accor- 
ding to the i r  molecular weights. Our previous suggestion that N-terminal ace- 
ty la t ion takes place while the peptide is s t i l l  on the ribosome was confirmed. 
I t  is demonstrated that acetylat ion starts when the polypeptide chain is about 
25 amino acids long and is v i r t u a l l y  completed when the chains have reached a 
length of about 50 amino acids. Acetyl-CoA appears to del iver  the acetyl group 
for the N-terminal acetylat ion. 

INTRODUCTION 

N-terminal acetylat ion of prokaryotic as well as eukaryotic proteins has been 

proved to occur af ter  peptide chain i n i t i a t i o n  ( i ,  2, 3). Unti l now not only 

the mechanism of N-terminal acetylat ion is unclear but also i ts  signif icance 

is poorly understood. With regard to the moment of acetylat ion some data are 

available. The prokaryotic ribosomal protein LI2 can be acetylated enzymatical- 

ly  af ter  completion ( i ) .  In eukaryotic proteins N-terminal acetylat ion has been 

suggested to be a pos t - in i t ia t iona l  rather than a post-translat ional modifica- 

t ion (2, 3). In this paper we deal with the N-terminal acetylat ion of the poly- 

peptides of a -c rys ta l l i n ,  a major structural  eye lens protein. A ce l l - f ree  

system derived from ca l f  eye lens t issue, which is capable to i n i t i a t e  new 

polypeptides, has been used in order to obtain labeled nascent chains. I f  the 

labeling is performed with (35S)Met-tRNA fMet only a -c rys ta l l i n  polypeptides 
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can be labeled N-terminally in contrast to the polypeptides of B- and y- 

c rys ta l l i n  (2). The explanation is found in that ~ -c rys ta l l i n  has an acetyl-  

methionine residue in N-terminal posit ion (4). This feature offers the pos- 

s i b i l i t y  to examine the very moment of acetylat ion during the synthesis of 

the ~ -c rys ta l l i n  polypeptides. 

In order to isolate the nascent peptide chains we have developed a one-step 

procedure for the pur i f i ca t ion of peptidyl-tRNAs from the ribosomes. This me- 

thod allows a high pur i f ica t ion of the ribosome-bound peptidyl-tRNAs in a 

y ie ld of almost I00 percent. 

The ava i l ab i l i t y  of the lens ce l l - f ree  system together with the new method 

for pur i f ica t ion of the nascent polypeptides enables to answer the question 

when and how N-terminal acetylat ion takes place. 

MATERIALS AND METHODS 

(3H)Acetyl-CoA (spec. act. 900 mCi/mmol) was obtained from New England Nuclear. 

Lens tRNA was isolated, pur i f ied and amino acylated with (35S)methionine as 

described previously (5). The procedures for  preparation of the lens lysate 

and for the in v i t ro  synthesis of eye lens proteins have been reported else- 

where (6, 7). 

For the isolat ion of peptidyl-tRNAs special gradients designated as s t r i p  gra- 

dients were prepared in tubes of the SB-283 rotor of an IEC. The lower layer 

(5.5 ml) contained 0.05 M Tris-HCl, pH 7.4, 0.08 M KCl and 0.01M EDTA in a 

20-30% (w/v) l inear sucrose gradient. The upper layer (6.0 ml) contained 0.05 M 

Tris-HCl, pH 7.4, 0.08 M KCl, 0.005 M magnesium acetate and 0.005 M 2-mercapto- 

ethanol in a 10-20% (w/v) l inear sucrose gradient. The ribosomes carrying la- 

beled peptidyl-tRNAs were isolated from the incubation mixture by pel let ing at 

150,000 g for two hours at 2 o C i~ a Ti-50 rotor of a Spinco ul t racentr i fuge.  

The ribosomes were resuspended in 0.5 ml of a medium containing 0.05 M Tris-HCl, 

pH 7.4, 0.08 M KCI, 0.005 M magnesium acetate and 0.005 M 2-mercaptoethanol 
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and applied onto the s t r i p  gradient.  Centr i fugat ion was performed at 40,000 

rpm for  6 hours at 2 o C in an IEC B-60 u l t racen t r i fuge .  The sucrose gradient 

was displaced by a heavy sucrose solut ion which was pumped under the gradient 

through a needle. The opt ical  density was monitored with the aid of an LKB 

optical un i t ,  coupled to a logari thmic recorder. Fractions of 0.9 ml were col-  

lected. The peptidyl-tRNAs were prec ip i ta ted by adding 0 . i  volume of 2 M 

potassium acetate, pH 5.0 and 2.5 volumes of cold ethanol. Af ter  16 hours at 

-20 o C the prec ip i ta te  was col lected by cent r i fugat ion .  The pe l l e t  was d isso l -  

ved in 0.5 ml of 0 . I  M NaOH and incubated at 37 o C fo r  15 min. The solut ion 

was ac id i f i ed  with formic acid and applied onto a Sephadex G-25 " f ine"  column 

(I00 x 1.5 cm). The column was eluted with 0.5 M formic acid and the eluate 

was fract ionated as indicated in f i g .  2, The pept idy l - f rac t ions  were digested 

with thermolysin and analyzed for  the presence of N-terminal acetyl-groups by 

high voltage paper electrophoresis at pH 6.5 (2). 

RESULTS AND DISCUSSION 

Isolat ion of nascent chains. 

As described in the method section a s t r ip -g rad ien t  consists of a l inear  sucro- 

se gradient whose upper phase contains Mg 2+ ions whereas the lower phase is 

supplemented with EDTA. Polysomes carrying peptidyl-tRNA which are loaded on 

the gradient w i l l  d issociate into the i r  subunits when reaching the EDTA con- 

ta in ing zone. In the same region the peptidyl-tRNAs w i l l  be str ipped from the 

ribosomes. While the subunits sediment towards the bottom, the peptidyl-tRNAs 

v i r t u a l l y  remain at the top of the EDTA layer. The rad ioac t i v i t y  pattern in 

f i g .  1. i l l u s t r a t es  the iso la t ion  of peptidyl-tRNAs from a c e l l - f r e e  ex t rac t ,  

derived from eye lens t issue which has been incubated with (35S)Met-tRNAfMet. 

The labeled material has the fol lowing propert ies:  

(a) On a DEAE-Sephadex column i t  behaves as peptidyl-tRNA. I t  binds to the 

column and can be eluted with 0.4 M sodium chlor ide;  (b) i t  can be quant i ta- 

t i v e l y  prec ip i ta ted with 70% ethanol. 
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Fig. 1. Sedimentation pro f i le  of (35S)methionine labeled cal f  lens 
ribosomes after s t r ip  gradient centr i fugat ion. (35S)Met_tRNAfMe t 
The l~ns ce l l - f ree  extract was incubated with for  5 min 
at 37 v C in a total  volume of 5 ml as described previously (2). The r ibo- 
somes were pelleted and applied onto a s t r ip-grad ient  as described in the 
method section. Aliquots of 0.05 ml were used to determine the radioact i -  
v i t y .  

With the aid of the isolat ion procedure described rather pure preparations in 

a high y ie ld are obtained. Only some ribosomal proteins released from the r i -  

bosomes by EDTA are present in the peptidyl-tRNA f ract ion.  However, these con- 

taminants do not in ter fere with the procedure. 

The moment of N-terminal acetylat ion. 

In order to determine the moment of N-terminal acetylat ion of a -c rys ta l l i n  

polypeptides the nascent peptides, isolated as described above, have been se- 

parated according to thei r  length on a Sephadex G-25 column. We have chosen 

this type of columns as previous studies showed that acetylat ion most probably 

occurs during an early stage of chain elongation (2). Separation of the nascent 

chains on the Sephadex G-25 column offers the poss ib i l i t y  to examine peptides 

with a molecular weight between i000 and 5000 dalton. The elut ion pro f i le  of 
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Fig. 2. Elution profi le of (35S)methionine labeled nascent lens crystal l in 
chains from a Sephadex G-25 column. 
The peptides and amino acids, obtained after strip-gradient centrifugation 
(see f ig. 1) were applied onto a Sephadex G-25 column. The column was elu- 
ted with 0.5% formic acid. 1.5 ml fractions were collected. For measurement 
of the radioactivity aliquots of 0.1 ml were used. The column was calibra- 
ted with ~-crystal l in,  glucagon and methionine. Five fractions were pooled 
as indicated. 

the radioactive peptides is shown in f ig. 2. The column fractions have been 

pooled to yield five ranges of molecular weights (MW), namely: 1) MW higher 

than 4000; 2) 4000 - 3000; 3) 3000 - 2000; 4) 2000 - 1500; 5) lower than 1500. 

These five fractions have been analyzed for the presence of an N-terminal ace- 

tyl group. Fig. 3 shows the radioactivity patterns of the thermolytic digests 

of the individual fraction upon high voltage paper electrophoresis at pH 6.5. 

Thermolysin cleaves ~-crystal l in polypeptides in the acetylated as well in the 

unacetylated state to give the dipeptides acetyl-Met-Asp and Met-Asp, respec- 

t ively (2). No radioactivity in the acetyl-Met-Asp region can be detected in 

panel 4) ( f ig.  3) while an increasing ratio between acetyl-Met-Asp and Met-Asp 

is found in panels 3), 2) and 1), respectively. 

This observation provides evidence that the acetylation process becomes ope- 

rative when the polypeptide chain has a size corresponding to 2500 daltons. 

Apparently also longer peptides can be acetylated. In panel 1) 20 percent of 

the m-crystallin peptides, corresponding to sizes higher than 4000 dalton, is 

s t i l l  unacetylated. 

In the panels 4) and 5) in addition to unacetylated Met-Asp, identified by 
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Fig. 3. E]ectrophoretic analysis of thermolytic digests of (35S)methionine 
labeled nascent chains derived from ~-crysta l l in .  
The radioactive peptides isolated on str ip-gradients and separated as indi-  
cated in fig. 2 were digested with thermolysin (2). The resulting peptides 
were subjected to high voltage paper electrophoresis at pH 6.5 in a water- 
cooled Savant electrophoresis apparatus at 50 V/cm for 2 hours. 1 cm strips 
were cut out and the radioactivity was counted in a liquid scinti l lation 
counter. The panels are numbered corresponding to the five fractions indica- 
ted in fig. 2. Reference peptides were stained for methionine using platinic 
iodide (8). 

high voltage electrophoresis at different pH values, unidentified methionine 

peptides appear. Their occurrence can be explained as follows. Besides ~-crys- 

tal l in also 6- and y-crystallins are synthesized in the cell-free system (6). 

As the synthesis of all polypeptides starts with Met-tRNA fMet the nascent 
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chains smaller than 2000 dalton w i l l  bear an N-terminal methionine residue. 

The rad ioac t i v i t y  present in the unident i f ied peaks of the panels 4) and 5) 

may be due to the products of thermolytic digestion of the peptides derived 

from B- and y - c r ys ta l l i n  synthesizing polysomes labeled with (35S)Met-tRNAfMet. 

Radioactive material migrating slower than the dipeptide Met-Asp is only ob- 

served in panels4) and 5). This indicates that peptides, not related to ~-crys- 

t a l l i n  chains, with a molecular weight up to 3000, contain s t i l l  Met in N-ter- 

minal posi t ion,  whereas in longer chains th is  Met is s p l i t t  of. So one may 

conclude that the aminopeptidase a c t i v i t y ,  which removes the N-terminal Met 

residue, becomes operative at about the same chain length as the enzyme which 

catalyzes the N-terminal acetylat ion of ~ -c rys ta l l i n .  This chain length (~ 25 

amino acid residues) corresponds to the size of the polypeptide chain which 

is supposed to be buried in the ribosome (9). 

The data presented above give some information concerning the minimal length 

of the peptide required to become recognized by the acetylat ing enzyme. We 

have shown that growing peptide chains comprising about 20 amino acids can be 

acetylated. Therefore i t  seems to be plausible that only a rather small se- 

quence of amino acids serves as recognit ion s i te  for the acetylat ing enzyme. 

Since also rather long N-terminal polypeptides can be acetylated i t  suggests 

that the enzyme involved is not ribosomal bound. Whether the ribosome per se 

is involved in th is  process needs fur ther invest igat ion.  

Acetylation mediated by acetyl-CoA. 

In order to establ ish whether or not the N-terminal acetylat ion is accomplis- 

hed with the aid of acetyl-CoA we have incubated the lens ce l l - f ree  system 

with (3H)acetyl-CoA. After an incubation time of 60 minutes ~ -c rys ta l l i n  has 

been isolated by gel f i l t r a t i o n  on a Sephadex G-200 column (2). Samples of 

the lyophi l ized protein have been digested with two enzymes as described pre- 

v iously.  After pronase digestion of the native ~ -c rys ta l l i n  the N-terminal 

dipeptide Ac-Met-Asp is s p l i t t  o f f  ( i0)  wh i ls t  with s u b t i l i s i n  the N-terminal 
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Fig. 4. Pape5 e lect rophoret ic  analysis of pronase (A) and s u b t i l i s i n  (B) d i -  
gests from (~H)acetyl labeled ~ - c r y s t a l l i n  polypeptides. 
In v i t r o  prote in biosynthesis was performed in a to ta l  volu~e of 1 ml fo r  
~'CTmin as described previously (6) except that  I00 ~Ci of ( H)acetyl-Coenzyme 
A was used as radioact ive precursor. Labeled ~ - c r y s t a l l i n  isolated by Sepha- 
dex G-200 gel f i l t r a t i o n  was digested and the resu l t ing  peptides were separa- 
ted by high voltage paper electrophoresis at pH 6.5 as described in the legend 
to f i g .  3. The paper s t r i ps  were combusted with the aid of a Packard Tr icarb 
sample ox id izer  and the samples were counted with Insta-ge l .  

tetrapept ide Ac-Met-Asp-l le-Ala can be recovered (11). The paper electropho- 

re t i c  analysis of the 3H-labeled d igest ion products is shown in f i g .  4. I t  

appears that  the r ad ioac t i v i t y  can be ascribed to the N-terminal d i -  and 

tetrapept ide of ~ - c r ys ta l l i n , r espec t i ve l y .  Pronase digest ion also resu l ts  in 

the appearance of a small amount of acetyl-methionine migrat ing j us t  behind 

the acetylated dipept ide (compare f i g .  4A). 

The l a t t e r  resu l ts  provide evidence that  acetyl coenzyme A serves as donor 

for  the N-terminal acetyl group of ~ - c r y s t a l l i n .  
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