
Vol. 46, No. 2, 1972 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

PROTEIN METHYLATION DURING THE DEVELOPMENT OF RAT BRAIN 

Woon Ki Paik, Sangduk Kim and Hyang Woo Lee 

The Fels Research Ins t i t u te  and Department of Biochemistry, 
Temple University School of Medicine, Philadelphia, Pa. 19140 

Received  December  8, 1971 

SUMMARY 

The ac t i v i t i es  of protein methylase I and I I I  are high in  the feta l  rat 
brain and decrease rapidly after b i r th .  On the other hand, protein methylase 
I I  ac t i v i t y  increases slowly during the f i r s t  I0 days of l i f e  and rapidly 
thereafter. Within 40 days af ter  b i r th ,  the levels of a l l  three protein 
methylase ac t i v i t i es  reach values corresponding to those of the adult brain. 
Results obtained for in vivo protein methylation indicate that the H2SO 4- 
soluble protein is methylated at high rate in fetal  brain; this rate then 
decreases rapidly af ter  b i r th .  Therefore, protein methylation might be 
involved in the development of the central nervous system. 

Methyl subst i tu t ion of the side chain of protein molecules af ter  genetic 

t ranslat ion possibly has a profound effect on the function of proteins ( I ) .  

Indeed, cel ls are equipped with various highly speci f ic  protein:methyltrans- 

ferases which methylate protein with S-adenosyl-L-methionine as the methyl 

donor (2-5). I t  was of great in terest  to us to f ind that brain is one of 

the r ichest sources for protein:methyltransferases in the rat  (6,7). Further- 

more, a var iety of methyl substi tuted amino acids have been found to ex is t  

free in human brain (8). We therefore f e l t  i t  of importance to study the 

possible relat ionship between the development of the brain and protein methylati 

in the rat.  

MATERIALS AND METHODS 

Materials. S-Adenosyl-L-methionine=methyl-14C (speci f ic  ac t i v i t y ,  29.9 

mCi/nmole in H2SO 4, pH 2.0) was purchased from Internat ional Chemical and 

Nuclear Corp., and L-methionine-methyl-3H (speci f ic  ac t i v i t y ,  147 mCi/ 

nmole) and DL-methionine-2-14C (speci f ic  ac t i v i t y ,  6.45 mCi/nmole) were 

from New England Nuclear Corp. Histone type I I -A from Sigma Chemical Co. 

(mixture of various histones from cal f  thymus) was used in v i t r o  as the 
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methyl acceptor for  various protein:methyltransfer~ses throughout the 

experiments. Rats of Wistar strain were used, and were fed ad l ibi tum 

on Ralston Purina rat chow and housed in a room with 12 hours of l igh t  

dai ly.  

Enzymatic assay for S-adenosylmethionine:protein methyltransferases. The 

animals were k i l led  by decapitation at about the same time in the morning to 

avoid possible diurnal effects on the enzymes. The brains were pooled 

and were homogenized in 4 volumes of 0.32 M sucrose with a mechanically 

driven teflon homogenizer, the homogenate was passed through a double layer 

of cheese cloth, and a portion of the homogenate was centrifuged at 105,000 g 

for 60 minutes in order to prepare the cytosol f ract ion.  The protein con- 

centration in both whole homogenate and the cytosol was determined by the 

method of Lowry et al. (9), using bovine serum albumin as standard. They 

were then di luted with water to give an exact concentration of I0.0 mg protein 

per ml, because the specif ic ac t i v i t y  of the various protein:methyltransferases 

di f fered somewhat depending on the amount of protein used for the enzyme 

assay. Unless otherwise specif ied, 1.0 mg of protein (or 0.I ml of the 

preparation) was used for the assay. Detailed procedure for determining the 

ac t i v i t i es  of protein methylase I (S-adenosylmethionine:protein-arginine 

methyltransferase), protein methylase I I  (S-adenosylmethionine:protein- 

carboxyl methyltransferase) and protein methylase I I I  (S-adenosyl-methionine: 

protein- lysine methyltransferase) were described elsewhere (7,10). 

In vivo protein methylation with doubly labeled methionine. In order to 

study the methylation of protein in vivo, rat  was injected subcutaneously with 

a doubly labeled meth~onine solution at the rat io  of 0.I ml solution per I0 g 

of body weight. One ml of this solution contained 670 ~C i of L-methionine- 

methyl-3H and 83 ~Ci of DL-methionine-2-14C in normal saline. The reasoning 

behind this double-labell ing experiment w i l l  be described later .  Two hours 

la ter ,  the animals were decapitated and the brains were homogenized in 0.32 

M sucrose solution as 10% homogenate; the homogenate was passed through a 

double layer of cheese cloth. In the case of young animals, the brains from 
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several rats were pooled. Subfract ionat ion of prote in in to  H2SO4-insoluble, 

H2SO4-soluble, ethanol-soluble and H20-insoluble f ract ions was carr ied out 

according to the method of Luck et a l .  ( I I )  (Table I and I I ) .  Each f rac t ion  

Table I I  

In vivo methylation of rat  brain protein 
during development 

Body Ratio of t r i t i um  to carbon-14* 
Age weight whole H2SO ~- H2SO 4- ethanol- H20- 
(days) (g) homog, inso| ,  sol .  sol .  inso l .  

1 7 10.2 7.30 12.8 14.0 8.82 

7 20 6.55 5.54 8.14 9.20 6.18 

26 60 5.43 6.17 6.58 6.92 4.94 

50 150 7.13 7.95 9.56 13.2 7.42 

Experimental condit ions are described under Methods. The protein f rac t ions were 
treated to remove TCA-soluble r ad i oac t i v i t y ,  nucleic acids and phospholipids (12). 
Since the step to remove phospholipids involved e thano l -ex t rac t ion ,  phospholipids 
in the ethanol-soluble protein f rac t ion  were not removed. 
* The ra t io  in the injected methionine solut ion was 5.77. 

was then treated to remove t r i ch l o race t i c  acid-soluble r ad i oac t i v i t y ,  nucleic 

acids and phospholipids by the method described previously (12). The 

remaining doubly labeled protein residue was counted for  i t s  r ad ioac t i v i t y  

in I0 ml of Bray's so lu t ion (13) with Packard l i qu id  s c i n t i l l a t i o n  spectro- 

meter model 3375. 

F ina l l y ,  DNA was determined by the method published (13,14). The enzyme 

a c t i v i t y  is expressed as spec i f i c  a c t i v i t v  which represents ~umoles of S- 

adenosyl-L-methionine-methyl-14C used/min/mg enzyme prote in ,  and protein concen- 

t ra t i on  was measured by the method of Lowry et a l .  (9). 

RESULTS 

The level of various protein methylases in brain during develoRment. 

Protein methylase I and I I  are found largely in the cytosol whi le prote in 

methylase I I I  is exc lus ive ly  local ized in the nuclei ( I ) .  Furthermore, i t  

has been shown that  there ex is ts  in the par t i cu la te  f rac t ions a spec i f i c  

i n h i b i t o r  for  prote in methylase I I  (15). The enzyme a c t i v i t i e s  were therefore 

determined in both whole homogenate and in the cytosol .  
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Fig. 1 i l l us t ra tes  the change in protein methylase I ac t i v i t y  during 

brain development. This enzyme methylates the guanidino group, of arginine 

residues of substrate protein, resul t ing in the formation of NG-monomethyl - 

as well as NG,NG-dimethylarginine on acid-hydrolysis of the methylated protein. 

BIRTH AGE(DAYS) 
5 9 16 26 40 

""!jDYTOSOL 

ADULT 1250 g BODY WEIGHTI 
..... 1.04 

20 40 60 110 
BODY WEIGHTIE) 

Fig. I .  Protein methylase I act iv i . ty in develqpin9 rat brain All  experimental 
conditions are described under Methods. The brains were pooled from 2-12 rats,  
depending on the size of the animal. 

I t  can be seen from f igure 1 that the speci f ic  ac t i v i t y  in the cytosol is 

about 2-fold higher than that found in whole homogenate. I t  can also be 

seen that the enzyme ac t i v i t y  in fetal brain is quite high, but decreases 

sharply during the early phase of l i f e  span. Thus, the enzyme level in the 

brain of a rat  with a body weight of I I0 g (corresponding to about 40 days 

old) is only about one-third of that found in the fetal  brain. 

Contrary to the above, protein methylase I I  ac t i v i t y  ( th is  enzyme methylates 

free carboxyl groups in protein molecules) increases gradually during the 

f i r s t  I0 days of l i f e  (up to about 25 g of body weight), and thereafter 

exhibi ts a rapid increase, reaching to the adult level wi th in 40 days of 

l i f e  span (Fig. 2). I t  is also noted in f igure 2 that the rat io of the 

enzyme ac t i v i t y  in the cytosol to that in whole homogenate is about 2 during 

the early phase of l i f e ,  and this ra t io  increases to about 3 during the 

adult period. This change in the ra t io  indicates the presence of natural 

i nh ib i t o r  for  protein methylase I I ,  and also indicates that the concentration 
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Fig. 2. Protein methylase I I  ac t i v i t y  in d evelppin9 rat brain The experimental 
conditions are the same as those of Fig. I .  

BIRTH AGE(GAYS) 
5 9 16 26 40 ] 
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Fig. 3. Protein methylase I I I  ac t i v i t y  in deve!oping, rat  brain The experimental 
conditions are the same as those of  Fig. I .  

of this inh ib i to r  increases as the animal grows. 

Fig. 3 i l l us t ra tes  the change in the level of protein methylase I I I  

ac t i v i t y  in the brain during development. This enzyme is exclusively localized 

in the nuclei and methylates the z-amino group of lysine residues in protein 

molecules. The enzyme ac t i v i t y  found in the cytosol is most l i ke ly  due to 

breakage of nuclei during homogenization; the specif ic ac t i v i t y  of the enzyme 

in the cytosol is low, and the amount of enzyme ac t i v i t y  recovered in the 

cytosol is only about 20% of the total enzyme ac t i v i t y  (to be published). 
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The speci f ic  ac t i v i t y  of protein methylase I I I  is high in the fetal  brain and 

i t  decreases sharply af ter  b i r th .  During the f i r s t  40 days of l i f e  span, 

the enzyme ac t i v i t y  corresponds to only one- f i f th  of those levels found in 

the fetal  brain. 

Changes in various protein subfractions during brain development. Table 

I l i s t s  the changes in various protein fract ions during brain development. 

As the animal grows, the amount of protein per cel l  (or per I00 ug DNA) 

increases unt i l  2 weeks of l i f e  span. Thereafter the amount remains constant 

(4th column in the table). When the total  amount of protein was sub- 

fractionated into four subfractions according to the i r  s o l u b i l i t i e s ,  H20- 

insoluble and ethanol-soluble proteins were re la t i ve ly  constant in the i r  

proportions to the total  amount. However, the H2SO4-soluble protein decreased 

s ign i f i can t l y  during the f i r s t  2 weeks of l i f e ,  while the H2SO4-insoluble protei 

increased correspondingly. I t  should be noted here that a considerable portion 

of the H2SO4-soluble protein was found to be histone. I t  is evident from the t~ 

that approximately 75% of the total  protein in rat brain is H2SO4-insoluble. 

In vivo protein methylation In order to study in vivo methylation, rats of var) 

ing ages were injected subcutaneously with a solut ion containing L-methionine- 

methyl-3H and DL-methionine-2-14C; both of these labeled methionines are incorp( 

rated into the peptide backbone, and in addit ion, the methyl-3H group can also L 

found to be incorporated onto the side chains. Therefore, the ra t io  of 3H to 14 

indicates the extent of methylation. As shown in Table I I ,  the ra t io  of 3H to 

14C in the H2SO4-insoluble protein is re la t i ve ly  low and does not change s ign i f i  

cantly during the development of rat brain. On the other hand, the H2SO4-solubl 

the ethanol-soluble and the H20-insoluble protein fract ions have marked changes 

the rat io .  However, the change in the rat io of the ethanol-soluble f ract ion mi~ 

par t ly  be due to the contamination of th is  f ract ion with methylation of phospho- 

l i p ids ,  since th is  component was not removed due to the technical d i f f i c u l t y .  

Furthermore, i t  should also be mentioned that the above rat io  does not include t 

methylation of the free carboxyl groups (by the action of protein methylase I I ) ,  

because of the i n s t a b i l i t y  of the carboxymethyl ester in hot TCA-extraction metb 
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used to remove nucleic acids. 

DISCUSSION 

We have demonstrated in the present paper that the enzymes which methylate 

the guanidino group of arginine and the ~-amino group of lysine residues in 

histone molecule are high in the fetal brain, and that these enzyme act iv i t ies 

start  to decrease immediately after birth. On the other hand, we have also shown 

that the enzyme which methylates the free carboxyl groups in protein molecules 

starts to increase shortly after birth. All three enzymes reached those levels of 

adult brain in about the f i r s t  40 days of l i fe  span. These facts indicate roles 

for these enzymes in development of the central nervous system. However, i t  is 

of interest to note that these act iv i t ies are not at their highest during the time 

when myelinization of the developing rat brain occurs (about I0 days after bir th).  

The results of in vivo methylation of protein with doubly labeled methionine 

indicate that the rate of protein methylation was high in the fetal brain and 

decreased immediately after bir th,  thus confirming the results obtained by enzy- 

matic assay. Although the H2SO4-insoluble protein comprises approximately 75% of 

the total protein in rat brain, the rate of in vivo methylation is not too high. 

Contrary to the H2SO4-insoluble protein, the H2SO4-soluble protein is methylated 

at a high rate in fetal brain, however this rate decreases sharply during early 

age of rat. Even though the rate of methylation is low in the H2SO4-insoluble 

protein, the total amount of methylated amino acids should be very high because 

of the large mass in the brain. More detailed investigations concerning the nature 

of each methylated amino acid as well as the further characterization of the H2SO 4- 

insoluble and H2SO4-soluble proteins are in progress. 
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