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ABSTRACT 

Incorporation of leucine-C ~ into subcellular fractions of the apical section of pea 
seedlings has been studied as a function of the length of incubation. The specific 
activity of the microsomes was higher than that of the supernatant for short but 
not for long incubations, in agreement with observations on other systems. In this 
developing tissue the nuclei and especially the mitochondria appear to incorporate 
amino acid very rapidly. An insoluble fraction of the microsome pellet, which is 
presumably a liponucleoprotein complex, was found to possess, after 1 hour of in- 
cubation, a specific activity much greater than that of the purified microsomal 
particles or the supernatant fraction. 

Ninety-eight per cent of the leucine-C ~4 in the purified microsomal particles has 
been shown to possess bound amino groups, presumably in peptide linkages, by 
the DNP-end group method. These particles liberate but little peptide or protein 
of very high specific activity when they are destroyed by removal of Mg or by 
hydrolysis of RNA. 

Microsomal particles were fractionated into an RNA fraction and five protein 
fractions by means of density gradient centrifugation. By this method 95 per cent 
of the RNA can be separated from 90 per cent of the protein of the particle. 
Furthermore, the RNA fraction has been shown to contain very little protein of 
high specific activity. A particular protein fraction which contains the remaining 
5 per cent of the RNA, possessed after 1 hour of incubation a specific activity 
2 to 9 times higher than the protein of the other fractions. 

Students of protein synthesis have recently 
focused their at tention on the incorporation of 
amino acids into microsomal particles (1-3). We 
have earlier reported on the isolation and char- 
acterization of microsomal particles from pea 
epicotyls (4), and have developed a fractionation 
procedure for the subcellular components of the 
apical portion of the growing seedling (5). This 
procedure emphasizes quanti tat ive separation of 
microsomal particles from supernatant and mito- 
chondrial fractions as well as the separation of 
nuclei from the cytoplasmic components. Using 
this procedure we have now examined the incor- 
poration of leucine into the various subcellular 
components of this growing plant tissue. 

* Report of work supported in part by grants No, 
RG-3977 and No. RG-5143 from the National Institutes 
of Health, United States Public Health Service. 
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Kinetic data on the labelling of liver microsomes 
(1, 6) suggest that about 1 per cent of the micro- 
somal protein is rapidly turning over while the 
remainder is relatively inert. We have, therefore, 
looked for a microsomal protein fragment of high 
specific activity, using the recent information (7, 
8) concerning the structure and the subunits of the 
particle. A procedure has been developed for the 
fractionation of microsomal material which is 
based on the density of the various fractions. 

Materials and Methods 

Chemicals.--Pancreatic ribonuelease, three times 
crystallized and salt-free, was obtained from Worth- 
ington. Leucine-C 14, uniformly labelled, was obtained 
from Nuclear-Chicago Corporation, Chicago. Dinitro- 
fluorobenzene (DNFB), CfP, was obtained from Cali- 
fornia Foundation for Biochemical Research, Los An- 
geles. Cesium chloride (or carbonate which was 
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60 LEUCINE-C 14 IN MICROSOMAL PARTICLES 

converted to chloride) 1 was obtained from American 
Potash and Chemical Corporation, Los Angeles, and 
was used without further purification. 

Analyses.--The Nessler method (9) was used for total 
nitrogen determination, and the biuret method (10) for 
protein. The modified method of Allen (IT) was used 
for determination of phosphorus. The arginine content 
of the protein was measured by the method of Albanese 
et al. (12), using free arginine as the standard. The per 
cent of arginine in the protein was calculated by divid- 
ing the arginine weight by the protein weight as de- 
termined by the biuret method. The value 8 to 8.5 per 
cent agrees reasonably well with the value of 9.2 per 
cent determined by microbiological assay on the pro- 
tein hydrolysate (13). 

Equipment.--All fractional centrifugations were done 
in the Spinco ultracentrifuge model L with No. 40 rotor. 
The centrifugation of the versene- and ribonuclease- 
treated microsomal particles was done in an Interna- 
tional clinical centrifuge, International Equipment 
Company, Boston. The ultraviolet absorption measure- 
ments and colorimetric determinations were done in the 
Beckman spectrophotometer DU, or the Beckman re- 
cording spectrophotometer, DK-2. 

Plant Tissues.--Pea seedlings, Pisum sativum, were 
grown in vermiculite in the dark for 7 days at 25°C. 
The apical 2.5 to 4.5 cm. of the stems were collected. 
These are referred to below as shoots. In certain experi- 
ments, only the apical 1.5 to 2.0 cm. sections (tip sec- 
tion) or only the 2 cm. long subapical stem sections 
(stem section) were harvested. The tissue was ground 
in a mortar at 2--4°C. with 0.4 M sucrose solution (0.5 
ml. per gram of tissue). Before fractionation, the 
homogenate was filtered through a fabric (Nu-fab, 
Essentials Products, Inc., Los Angeles) with a suction 
flask aided by pressure applied to the top. 

Fractionation of Subcelhdar Components.- 
Nuclei: Pellet from centrifugation at 4,000 g, 15 

minutes. This was washed with 0.2 M sucrose and re- 
centrifuged at 24,000 g for 10 minutes. This fraction 
contained more than 93 per cent of the total DNA in 
the homogenate. 

Mitochondria: Pellet from centrifugation at 42,000 g, 
72 minutes after the removal of nuclear fraction, washed 
once with 0.2 M sucrose, and recentrifuged at 82,000 g, 
12 minutes. 

Microsomes: Pellet from centrifugation at 110,000 g, 
90 minutes after removal of the mitochondrial fraction. 

Supernatant:  Supernatant after removal of the 
microsomal fraction. 

Purification of Microsomal Particles.--The procedure 
above is for the quantitative separation of the subcellu- 
far components. The microsomal particles were, how- 

1 The chloride salt is 97 per cent pure and the car- 
bonate salt is 93 to 95 per cent pure, according to the 
analysis of the producer. Major contamination is 
rubidium. 

ever, further purified as described below. In  addition, 
ribonucleoprotein particles from the nuclear fractions 
were also purified. 

Nuclear fraction, nuclear ribonucleoprotein particles, 
and nuclear supernatant:  The pellet obtained by cen- 
trifugation at 2,000 g, 15 minutes, was washed with 0.2 
M sucrose, 0,001 ~a CaCI2, pH 6.5, and 5 mg./ml, of 
leucine. This was recentrifuged at 4,000 g, 15 minutes. 
The supernatant which contained little RNA or pro- 
tein was discarded. The pellet was then homogenized 
in potassium phosphate buffer, 0.05 /z, MgSO4, 5 X 
10 -4 M, pH 6.5 and was twice frozen and thawed. The 
resulting solution was next centrifuged at 24,000 g for 
15 minutes. The pellet so obtained is designated washed 
nuclei. The supernatant was centrifuged at 100,000 g 
to yield a ribonucleoprotein pellet which is designated 
nuclear ribonucleoprotein particles (5). A small amount 
of material which was left behind in the supernatant 
after sedimentation of nuclear ribonucleoprotein par- 
ticles is designated nuclear supernatant. 

Microsomal pellet 1 (MP 1): After the removal of 
mitochondria (42,000 g, 15 minutes), the supernatant 
fraction was centrifuged at 110,000 g, for 75 minutes. 
The pellet was dispersed in water for 60 minutes at 
0°C. This suspension was centrifuged at 16,000 g for 
15 minutes. The pellet so obtained is designated micro- 
somal pellet 1. 

Microsomal pellet 2 (MP 2) and microsomal par- 
ticles: The clarified microsomal solution prepared by 
the first cycle differential centrifugation was sedimented 
again at ll0,000 g for 60 minutes, and the pellet re- 
suspended in a small volume of water at 0°C. for 60 
minutes. The suspension was centrifuged at 42,000 g 
for 12 minutes. The pellet obtained is designated 
microsomal pellet 2 (Fig. 1). The clarified solution con- 
tains the microsomal particles referred to earlier as the 
DC-2 preparation (4). 

Incubation Procedure.--Stainless steel baskets con- 
taining 5 to 8 gm. of plant tissue were submerged in 
leucine-C 14 solution buffered with potassium phosphate, 
0.05/z, pH 6.5, and aerated continuously with oxygen. 
The temperature was maintained at 25-26°C. At the 
end of the incubation periods the tissues were rinsed, 
blotted, and placed in cold 0.4 M sucrose with non- 
radioactive leucine for homogenization at 2-4°C. 

Washing and Radioactivity Measurement.--Proteins 
of all the subcellular fractions were washed, counted, 
and analyzed by the following procedure. Resuspended 
pellets or supernatants were treated with 0.5 ~ TCA 
(trichloroacetic acid) at 0°C. overnight, and then the 
resulting precipitate was washed twice with 12 per cent 
TCA, cooled to 0°C. rapidly, and more 12 per cent TCA 
added. After 30 minutes, the precipitates were washed 
twice again with TCA, followed by an ethanol wash 
(50°C.), an ether wash (30°C.), and finally an ethanol 
wash (50°C). The precipitates were dissolved in 1 N 
NaOH by heating at 95°C., 1 to 4 minutes, and were 
reprecipitated by addition of TCA with a large amount  
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versene 
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2 hrs. 
_ _ J  L 

i 

Homogenates* 

42,000 g 15 min. 
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Nuclei and mitochondria 
(washed once) 

780§ 47.81[ 39.1¶ 

MP 2 
710, 1.5, 1.4 

V microsomal particles, 
390, 4.5, 7.2 

FIG. 1. Specific activity and distribution of proteins-C 14 in subcellular fractions after 1 hour's incubation of the 
pea shoots. 

* Incubation medium contained uniformly labelled leucine-C 1~, 127,000 c.P.~./ml. Specific activity 12.3 inC./raM. 
:~ After each centrifugation, pellet fraction goes to the right side of the diagram while supernatant fraction 

goes to the left side of the diagram. 
§ Specific activity of the fraction, c.P.M./mg, of protein. 
I[ Percentage of the total radioactivity in proteins of all fractions. 
¶ Percentage of total protein. 

of non-radioactive leucine at 0°C. overnight. The pro- 
tein precipitates were then washed once more with 
TCA, dried with acetone, and dissolved in a known 
volume of 1 N NaOH. Aliquots of the protein solutions 
were taken for determination of nitrogen and of radio- 
activity. The protein solutions plated on glass planchets 
were dried and counted with a gas flow counter model 
181 with a D47 "micromil" window detector equipped 
with an automatic sample changer, Nuclear-Chicago 
Corporation, Chicago. All the radioactivity measure- 
ments were corrected to infinite thinness. The UV 
spectra of these protein solutions showed that essen- 
tially all nucleic acid had been removed. The amount 
of protein was, therefore, calculated from the nitrogen 
content, using the factor 6.25. In control experiments, 
less than 10 c.P.M, of leucine-C 14 was found in the 
washed protein solutions after 750,000 c.P.M, of leu- 
cine-C 14 was mixed with cold homogenates followed by 
TCA-precipitation. 

For preparation of leucine-C14-1abelled microsomal 

particles, non-radioactive leucine was added to the 
tissue in the process of homogenization. The micro- 
somal particles were prepared by two cycles of differ- 
ential centrifugation as detailed above and in the pres- 
ence of 1 rag. of leucine per ml. of solution. The prepa- 
rations were dialyzed against large volumes of 0.025 M 
potassium phosphate, pH 6.5, Mg 1 )< 10 -3 •, con- 
taining 1 mg./ml, of leucine, and were finally redia]yzed 
against successive changes of phosphate and Mg buffer 
to remove the non-radioactive leucine. The evidence 
that the microsomes are essentially not contaminated 
by free leucine-C 14 is presented under the section Re- 
sults. The protein content of these samples was meas- 
ured by the biuret method. 

Procedure for Analyses of Microsomal Pellet I (MP 1) 
for Lipide, Protein, and RNA.--Absolute ethanol was 
added to the frozen pellet and was dried rapidly in a 
vacuum desiccator. The dried pellet was then extracted 
with methanol at 40°C. for 5 minutes, twice with 
chloroform-methanol (1 : 1) at 40°C. for 5 minutes and, 
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62 L E U C I N E - C  14 IN  M I C R O S O M A L  P A R T I C L E S  

finally, three t imes with ether. All the extracts were 
pooled and diluted to a known volume with methanol.  
An aliquot was dried in a tared beaker at room tem- 
perature in vacuo over P205, and weighed. A second 
aliquot was used for phosphorus analysis. The  dried 
extract was dissolved in NaOH,  and aliquots taken for 
analyses of protein and phosphorus.  

DNFB Reaction with Leucine C14-Labelled Micro- 
somal Particles. The procedure for the reaction and 
the hydrolysis is essentially tha t  of Sanger (14). Par- 
ticles were reacted with D N F B  in 66 per cent ethanol 
buffered with sodium bicarbonate at  30°C. for 6 hours 
on a shaker anti then left overnight at  room tempera- 
ture. The reaction mixture was then centrifuged to 
yield a superna tant  fraction and a precipitate fraction. 
The latter contained 96 per cent of the total radio- 
activity. The precipitate fraction was washed twice 
with 0.1 N HCI, once with ethanol, and finally with 
ether. The washings and supernatant  were pooled and 
dried. The residue was extracted with a small amount  
of water to remove salts; most  of the radioactivity re- 
~flained with the residue. The washed residue and the 
washed precipitate were both hydrolyzed in 6 N HCI 
under a reflux for 8 hours. The hydrolysates,  dried in 
vacuum desiccators over concentrated sulfuric acid and 
sodium hydroxide pellets, were applied on W h a t m a n  
No. 3 M M  paper and chromatographed.  The solvent 
sys tem was n -bu tanohe thano l :0 .5  N ammonium hy-  
droxide in a volume ratio of 70:10:20 which gave good 
separation of DNP-leucine (Rf. 0.71) and leucine (Rf. 
0.38). The areas of the DNP-leucine and leucine in 
each chromatogram were cut  out, quant i ta t ively eluted 
with ethyl-acetate,  and made up to a known volume. 
Aliquots were plated and counted. 

Fractionation of Microsomal Particles by Equilibrium 
Sedimentation in a Density Gradient.--Experiments were 
designed to fractionate the protein and the R N A  of 
microsomes by this method (15) since the two com- 
ponents  differ in density. 2 0.3 ml. of cold solution of 
microsomal particles in 0.05 M Tris buffer, pH  7.0, was 
mixed in the centrifuge tube which contained 4 ml. of 
cold cesium chloride, pH 7.0, to give a final density of 
1.308 4- 0.003 at 24°C. The  SW-39 rotor (swinging 
bucket) was run at  39,000 R.P.M. (average 125,000 g) 
for a period of 38 to 40 hours with refrigeration. The  

density gradient developed at equilibrium, dp/dr, is 
est imated to be 0.06 at  the top of the tube, and 0.13 
(gm./cm. 4) at the bot tom of the tube. a After centrifu- 
gation, the tubes were held firmly and vertically and a 
syringe with a sharp needle was inserted into the middle 

2 Proteins usually have buoyant  densities of about  
1.3. The  unpublished data  of Drs. J. Vinograd and H. 
Dintzis indicated tha t  R N A  in cesium chloride has  a 
buoyant  density greater than  1.9 gm. /ml ,  and a value of 
about  2.05 g. /ml,  in cesium formate. 

'~ Unpublished data  of Dr. J. Vinograd. 

T A B L E  I 
Incorporation of Leucine-C 14 into Subcelluar Fractions 

of Pea Stem Sections at Various Time Intervals* 

Specific activity 
Time 

Nuclei IMitochondria 

mln. 
155 
305 
60§ 

300[I 

cJ'.M./mg, c.P.M./mg. 
730 -4- 35¶ 950 4- 75 

1845 4- 180 2310 4- 180 
3260 -4- 35 4510 4- 90 
7740 4- 1150 9370 4- 600 

Microsomes Supernatant 

c.I,.M./mg, c.I,.M./mg. 
600 ± 20 330 4- 80 

1290 4- 140 1070 4- 80 
3060 4- 90 3190 4- 250 
5810 4- 210 6500 =t- 690 

* Incubation medium contained uniformly labelled leucine- 
C TM, specific activity 12.3 mC./mM. 

$' §' [I These experiments were done with three different crops 
of plants and in three incubation media containing slightly dif- 
ferent amounts of leucine C '4 per ml. :[: (133,000 c.P.~t./ml.), 
§(118,000 c.P.M./ml.), and 1[(140,000 C.l,.i./ml.). Less than 1 per 
cent of the leucine in the solution was taken up by the sections. 
It is believed that the uptake of leucine into the sections is rela- 
tively independent of concentration at these levels. 

¶ Average differences from the mean of three replicates. 

o[ each layer to remove the material, s tar t ing from the 
top of the tube. All the fractions were precipitated 
overnight with cold 0.5 N TCA and were washed with 
methanol  once, with a mixture of methanol-chloroform 
(i : 1) twice, and finally with ether twice, all at 40°C. 

RESULTS 

Incorporation of Leucine-C ~ into Subcellular 
Fractions of the Apical Portion of Pea Seed l ings . -  
R e s u l t s  of T a b l e  I show t h a t  nuc lea r  f rac t ion  and  

especial ly m i t o c h o n d r i a l  f rac t ion  h a v e  h ighe r  

specific ac t iv i t ies  t h a n  m i c r o s o m e s  or s u p e r n a t a n t .  

I n  15 m i n u t e s ,  the  specific a c t i v i t y  of the  micro-  

somes  is s igni f icant ly  h ighe r  t h a n  t h a t  of supe r -  

n a t a n t  f rac t ion ,  which ,  however ,  increases  m o r e  

t h a n  l inear ly  wi th  t ime.  A t  30 m i n u t e s ,  the  differ- 

ence be tween  specific ac t iv i t ies  of m i c r o s o m e s  a n d  

s u p e r n a t a n t  becomes  small .  A t  60 m i n u t e s ,  t h e  

s u p e r n a t a n t  f rac t ion  is equa l  to or s l igh t ly  h i g h e r  

in specific a c t i v i t y  t h a n  the  m i c r o s o m e s  a n d  ap-  

p roaches  t h a t  of the  nuclei .  R e s u l t s  in T a b l e  I I  

conf i rm tha t ,  over  a sho r t  per iod of i ncuba t ion ,  t h e  

specific ac t iv i t ies  of the  m i c r o s o m e s  of b o t h  t ip a n d  

s t e m  sect ions  are  s igni f icant ly  h ighe r  t h a n  t h a t  of 

the  s u p e r n a t a n t ,  while the  specific ac t iv i t i e s  of t h e  

nuclei  a n d  t he  m i t o c h o n d r i a l  f r ac t ions  a re  h ighe r  

t h a n  t h a t  of the  mic rosomes .  

I n  the  process  of p r e p a r i n g  C14-1abelled micro-  

somal  par t ic les ,  we h a v e  col lected all of the  frac-  

t ions  in the  p r e p a r a t i v e  p rocedure .  Fig.  1 s h o w s  

the  specific ac t iv i ty ,  p e r c e n t a g e  of to ta l  radio-  

ac t iv i ty ,  a n d  pe r  c en t  of p ro t e in  in each  of t hese  

f rac t ions ,  all for l h o u r  of i ncuba t ion .  T h e  nuc lea r  

a n d  m i t o c h o n d r i a l  f rac t ions  aga in  h a v e  h i g h e r  
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TABLE II 

Incorporation of Leucine-C ~4 into Subcellular Fractions 
of Pea Stem Sections and Tip Sections after 

15 Minutes of Incubation* 

Specific act ivi ty 

Nuclei Mitochondria Microsomes Super- natant 

e.P.M./mg, c.P.M./mg, c.P.M,/mg, e.P.M./mg, 

Tip 129±4J/  1294-21 74:t=4 32-4-4 
Stem 295=t=60 257=}=121 2104-30 654-2 

* Leucine-C ~4 used in this experiment was recovered 
from incubation media of previous experiments stored 
at --10°C. These solutions were pooled, boiled, fil- 
tered, concentrated, and finally chromatographed. 
Over 99 per cent of the radioactivity chromatographed 
as leucine and was eluted. The specific activity of the 
leucine was not determined. The incubation medium 
contained 140,000 e.P.~./ml. 

:~ Average differences from the mean of three repli- 
cates. 

specific activities than the microsomal partides 
of the supernatant. Recovery of microsomal 
partides from the pellet originally obtained by the 
110,000 g centrifugation was about 80 per cent. I t  
was found unexpectedly, however, that the insolu- 
ble pellets (MP 1 and MP 2) which were obtained 
by centrifugation of the dispersed microsomal 
fraction had much higher specific activities than 
the microsomal particles themselves or than the 
supernatant. The distribution of radioactivity in 
the microsomal particles after versene treatment 
will be described more fully in a later section. I t  
may be noted, however, that the component(s) 
of sedimentation coefficient less than 5S released 
from the particle by versene treatment (7, 8) does 
not have a specific activity higher than the other 
fractions of the particles. 

The high specific activity of the MP fractions 
as compared with the supernatant and the micro- 
somal particles is again confirmed by the results 
of Table III .  Furthermore, in this experiment, we 
also determined the specific activity of the particle 
fraction which may be obtained from the nuclei 
as described above. This fraction (5) containing 
about 10 per cent of the total RNA of the nuclear 
fraction, cannot be removed from nuclei by gentle 
washing but is removable after freezing-thawing 
and homogenization. The particles in this fraction 
have a sedimentation coefficient of 75S and an 
RNA/protein ratio close to that of cytoplasmic 
microsomal particles. The data of Table I I I  show 

that these nuclear ribonucleoprotein particles 
possess a specific activity similar to that of the 
cytoplasmic microsomal particle. 

Anayses of MP 1 show that this fraction has an 
RNA/protein ratio of 0.23, which is lower than 
that of microsomal particles (0.60). According to 
dry weight, 18 per cent of this fraction is extract- 
able with organic solvents. The extract is primarily 
lipide and contains 0.24 per cent phosphorus. 

Distribution of Radioactivity in the Microsomel 
Particles.--The experiments in this section are 
based on three notions. First, it has been suggested 
that only about 1 per cent of the protein in the 
particle is being actively turned over (1, 6). Second, 
work in our laboratory (7, 8) has shown that when 
Mg is removed from the particles by EDTA, a 
small amount of protein (6 per cent) is released, 
while the rest of the particle dissociates into 
unstable subunits which aggregate at room temper- 
ature. I t  was thought possible that the protein 
released might possess higher specific activity than 
the aggregated subunits. Finally, we wished to 
determine whether any considerable amount of 
amino acids or polypeptides of high specific ac- 
tivity might be found chemically linked to the 
RNA of the microsome. 

Particles labelled with leucine-C t4 were prepared 
by incubating pea shoots in leucine-C 14 for 1 hour 
and then isolating the microsomal particles (4). 
The degree of contamination by free leucine-C 14 
in these particles is indicated by the following two 
experiments. 

1. When these particles were treated with 
DNFB, hydrolyzed and chromatographed, little 
radioactivity was found in the area of DNP- 

TABLE III 

Distribution of Specific Activity of Subcellular 
Fractions after 1 Hour's Incubation of the 

Pea Shoots* 

C.P.M./ 
~g. 

proteins 

ucle~ 
Nuclear uper- 
ribonu- atan: 
cleopro - after 

tein artici 
)articles :lime 

atior 

c.P.•./ .P.M. 
mg. mg. 

proteins "otei~ 

654 227 430 

* Solution containe( 

Mito- 
:hon- 
dria 

~.I,.M.j 
mg. 
#ro- 
reins 

950 

Jicro- licro- 
some some p?e, p?et 

".P.M. ,P.M./ 
mg, mg. 
pro- ~ro- 
teins reins 

681 418 

t 
Micro-] 
somal Super- 
parti- natant 
ties 

',.P.M. 
mg. ' 
pro- 
teins 

257 

C.P.M,/ 
mg 

pro- 
teins 

354 

uniformly labelled leucine-C 14 
158,000 c.v.M./ml., specific activity 5.3 inC./raM. 

 on A
ugust 22, 2006 

w
w

w
.jcb.org

D
ow

nloaded from
 

http://www.jcb.org


64 LEUCINE-C ~4 IN MICROSOMAL PARTICLES 

TABLE IV 

Distribution of Radioactivity between Leucine-C ~4 
and Leucine-C~4-DNP of Mierosomal 

Particles 

Leucine . . . . . . . . . .  
DNP-leucine . . . . .  I 
Per cent of total 

leucine . . . . . . . .  

IResidue from 
Washed supernatant 

I~recipitate and 
_ _ /  washings 

C,P.M. C.~.g. 

1940 45 
12 30 

96 4 

Per cent of 
total leucine 

C.P.M 

98 
2 

leucine in the chromatogram (Table IV) while 98 
per cent  of the radioact ivi ty  was found in the area 
of free leucine. This  finding indicates t h a t  98 per  
cent  of the amino groups of the leucine-C t4 are 
bound,  presumably in peptide linkage. The  pres- 
ence of radioact ivi ty  (4 per  cent) in the super- 
n a t a n t  and washings from the particles and  the 
low rat io of total  leueine-Cl*/DNP-leucine-C t4 in 
this fraction (about  2) indicates tha t  this super- 
n a t a n t  probably  contains peptides which originate 
from the particles. The  precipi tate  fraction which 

contains 96 per  cent  of the radioact ivi ty  possesses 

a rat io of total  leucine-CWDNP-leucine-C ~4 of 

about  195. 4 

2. The  rnicrosomal particles were precipi ta ted 

and washed wi th  cold and hot  TCA, ethanol,  and 

ether. 97 per  cent  of the to ta l  radioact ivi ty  (1900 

C.1,.M.) was found in the protein precipitate,  2 per 

cent  (40 C.I'.M.) in the T CA  washing, and  1 per  

cent (20 c.P.l~.) in the ethanol-ether  washing. 

Clearly, almost  all of the radioact ivi ty  resides in 

the proteins.  The  radioact ivi ty associated with 

4 In these particles, if the radioactivity is due to 
polypeptide chains growing in a sequential manner 
with a random arrangement of leucine and with an 
equal proportion of all sizes of these chains, the average 
growing chain length can be estimated from the ratio 
of the total leucine-C14/DNP-leucine-C ~4, provided that 
one possesses information concerning the leucine molar 
cmnposition of the full grown chain. The present data 
and the leucine molar ratio determined from amino 
acid composition of the particles (13) give an average 
length of growing peptides about 200 to 240 amino 
acid residues, and indicates that  the fully grown chain 
is about 500 amino acid residues in length. We wish to 
thank Dr. J. Bonner and Dr. H. Dintzis in the discus- 
sion of this problem. 

TABLE V 

Specific Activity and Distribution of Radioactivity 
of Microsomal Particles upon Treatment by 

Versene and by Ribonuclease 

Treatment  

Versene I* 
II* 

Ribonuclease 
i§ 

Illl 

Per cent 
of C 1~ in 
superna- 

rant 

13 
10 

Per cent 
of C ~4 

precipitat~ 

87 
90 

92 
91 

Specific 
Activity 

of super- 
natant  

149 

155 

Specific 
Activity 
of pre- 
cipitate 

231 

255 

* Particles were treated first with EDTA, 3 X 
10 .2 r~, pH 6.5, 0.05 ~, K-PO4, at 0°C. for 1 hour and 
then were incubated at 25°C. for 50 minutes. The 
turbid solution was centrifuged by clinical centrifuge 
to obtain a clear supernatant and a pellet fraction. 

Particles were treated as *. Cold TCA was added 
to both fractions to precipitate the protein and the 
RNA. The pellet fraction was further washed with 
ethanol once, ether twice, and finally with ethanol. 
About 3 per cent of the total counts of the sample 
was found in the combined pool of TCA extract and 
the ethanol-ether extract. 

§ Particles were incubated with ribonuclease, 10 
micrograms/ml., pH 6.5, 28°C. for 31~ hours. The clear 
supernatant obtained after centrifugation (clinical) 
contained 65 per cent of the original total optical 
density at 260 m~ of the preparation. 

/] Particles were incubated with ribonuclease, 10 
micrograms/ml., pH 6.5, 28°C. for 10 hours. Super- 
natant  contained 120 per cent of the original total 
optical density at 260 m/z. The pellet fraction was 
precipitated with TCA and washed extensively with 
alcohol and ether. 

free amino acids, small peptides, and  R N A  is no t  
likely to be more than  3 to 4 per cent  of the total.  

The  purified microsomal particles were then 
t reated with versene and  ribonuclease to yield a 
non-sedimentable fraction and an  easily sedimen- 
table fraction (7, 8), the la t ter  containing 80 to 90 
per cent  of the protein.  In  the versene-treated 

solutions, 95 per cent  or more of the R N A  was in 

the sedimentable fraction while in the ribonuclease- 
t reated solutions, 95 per  cent  of the R N A  was in 

the superna tan t  fraction. The  supe rna tan t  fraction 

in bo th  cases (Table V) contained only abou t  10 
per  cent  of the C u of the total  sample, and  the 

protein in these superna tan t  fractions had specific 

activities lower than  those of the precipitates.  
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TABLE VI 

Fractionation of Microsomal Particles by Equilibrium Sedimentation in Density Gradients 

Description and volume 

ml. 

Clear O. 7 
Skin-like precipitate 
Clear 0.55 
Turbid O. 55 
Clear 2.3 
Pellet 

i 

IEstimated* density 

1.24-1.26 
1.26 

1.26--1.28 
1.28-1.30 
1.30-1.56 
Over 1.57 

Liplde:~ 
phosphorus 

/~g. 

0 
5.8 
0.15 
0 
1.0 
1.5 

Per cent of 
total§RNA 

0.6 
4.2¶ 
0.03 
0.07 
0.9 

94.1 

Per cent of 
total[I protein 

6.1 
35 
10.8 
23.5 
12.6 
12 

RNA 
Protein 

per cent 

4.1 
4.5 

.1 

.1 
2.6 

294.2 

Arginine 
Protein 

t ier cenl 

4.3 
7.7 
7.1 
8.4 
7.5 

* Calibrated according to the graph of density vs. distance from the axis of pure cesium chloride solution (den- 
sity 1.30) at equilibrium condition. Unpublished data of J. Ifft, D. Voet, and J. Vinograd. 

:~ Amount of phosphorus found in the methanol-chloroform-ether wash. See Materials and Methods. 
§ Amount of phosphorus in the washed precipitate multiplied by the conversion factor 11. Total amount in 

the table is 1.48 rag. 
IFI The total amount of protein is 3.94 nag. 
¶ Purines and pyrimidine nucleotides were found in the chromatogram of HCl-hydrolysate. 
** Amount of arginine determined in the pellet is not accurate because of interference by RNA. 

After deproteinization of the supernatant  by cold 
0.5 N TCA, little if any radioactivity remained. 
Thus, quanti tat ive removal of Mg by EDTA,  and 
quanti tat ive hydrolysis of RNA by ribonuclease 
released but  little amino acid or polypeptide 
of high specific activity from the leucine-C 1*- 
labelled particles. The bulk of the radioactivity 
is rather associated with the aggregated nucleo- 
protein subflnits in the versene treated samples 
and with the aggregated protein in the ribo- 
nuclease-treated samples. 

Though the amount  of leucine-C 14 bound to 
RNA is but  a small fraction (less than 4 per cent) 
of the total leucine-C ~4 in the particle, its presence 
cannot be overlooked. RNA prepared after exten- 
sive purification to remove proteins and amino 
acids always contained some radioactivity. The 
yield (about 0.5 rag.) and the radioactivity (20 to 
40 c.P.~.), however, are low, which makes further 
work on these materials difficult. 

Table VI gives data on the separation of frac- 
tions of microsomal particles according to their 
densities in salt solution. Microsomal particles 
were subjected to equilibrium centrifugation in a 
density gradient centrifuge tube charged with 
CsC1. As expected, most of the RNA (94 per cent) 
sedimented to the bottom, thus indicating a 
density of over 1.57. The pellet, however, unex- 
pectedly contained 25 per cent protein, or 10 per 
cent of the total protein in the tube. 35 per cent 
of the protein in the tube aggregated at a density 

of 1.26 which, surprisingly, contained 4.5 per cent 
RNA, 4 per cent of the total RNA in the tube, and 
probably a small amount  of phospholipide (about 
6 per cent). 5 Another 25 per cent of the protein 
formed a turbid band at a density of 1.30-1.28, 
the usual range of protein density. Except for the 
fraction 1, the per cent of arginine in the protein 
at each density is quite similar, and gives no indi- 
cation of fractionation according to amino acid 
composition. 

Table VII  shows that the RNA pellet from the 
density gradient fractionation of leucine-C 14- 
labelled microsomal particles contained only 5 
per cent of the total counts and that the protein 
in this pellet has a rather low specific activity. 
The No. 2 fraction, which possesses 5 per cent of 
RNA and 6 per cent of phospholipide, had the 
highest specific activity, and contained 55 per 
cent of the total radioactivity. I ts  specific activity 
is 5 to 8 times higher than that of fractions 1 and 
3 which together had 15 per cent of the total 
protein, and 2 to 3 times higher than the other 3 
fractions which together contain 50 per cent of 
the total protein. The ethanol-ether washings 
contained but  a small per cent of the total activity 
and this was of low specific activity. 

5 Since RNA was found to have a small but definite 
solubility in hot ethanol (40°C.) in our laboratory, the 
ethanol-extracted phosphorus may not all be due to 
the presence of phospholipide. 
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TABLE VII 
Fraetionation of Leucine-C14-Labelled Microsomal Par- 

ticles by Equilibrium Sedimentation in a Density 
Gradient 

Fraction Description and 
volume 

ml. 

1 Clear 0.85 

Skin-like precipi- 
tate 

3 Clear 0.25 

4 Turbid 0.65 

5 Clear 2.2 

6 Pellet 

Total  Ether-insoluble 
wash- Ether-soluble 
ing§ 

Esti-i, 
ated 
msit:y 

24-1.2 

1.26 

26--1.2 

28-1.3 

n- l .5 ,  

1.57 

'Specific 
tc t ivi ty  

C.P.M./ 
mg. 

protein 

51 

409 

81 

180 

171 

144 

* See Table V. 
:~ Total  proteins in the washed precipitate. 
§ Methanol-chloroform-ether washings of all fractions were 

pooled together and dried. Par t  of the residues did not dissolve 
in ether again and was found to contain small amounts of protein, 
about 4 to 5 per cent in comparison to the total proteins in the 
washed precipitate. 

DISCUSSION 

Two salient points should first be noted. First, 
although the leucine content of the microsomal 
particles is known (13), it is unknown for the other 
subcellular fractions. 6 Comparisons of specific 
activities (C.P.M./mg. of protein) of different 
protein samples have been made here with the 
tacit assumption that the leucine contents of 
these samples are similar, Second, the incorpora- 
tion of leucine-C t4 into the microsomal particles 
may result from either of two different processes; 
namely, the synthesis of microsomal structural 
protein, or the synthesis of protein by the particles. 
Interpretation of the present results, especially 
of the distribution of radioactivity within the 
particles, cannot be made without reservation 
because of the difficulty in defining the processes 
by which the particles acquire their leucine-C t4. 
This may also be one of the reasons why the 
fractions of guinea pig liver microsome exhibit 

6 The leucine content of the mixture of cytoplasmic 
and chloroplastic protein of leaves of legume is 7.2 
per cent (18). 

different patterns of labelling in vivo as compared 
to in vitro experiments (16, 17). I t  is also possible 
that the structural protein of the particle is all 
made in the same place and that all fractions have 
a uniform specific activity which then contributes 
a background level of radioactivity to each frac- 
tion. Additional amounts of radioactivity in 
different fractions might then be due to the poly- 
peptide synthesized by the particle. 

The studies of changes in specific activities of 
the subcellular fractions with time (Tables I and 
II) suggest two main conclusions. First, at a short 
time interval (15 minutes), the specific activity of 
microsomal particles is twice as high as that of 
the supernatant, which increases more than linearly 
with time in the 1st hour. This is in agreement with 
general observations (1, 2) that protein from 
microsomal particles may serve as the precursor 
for supernatant protein. Second, the mitochondria 
and nuclei also have very high specific activities. 
I t  should be noted that the tissue we have studied 
is engaged in rapid cell division, differentiation, 
and growth. In pea seedling (5), the proportion of 
total protein in the mitochondrial fraction in- 
creases from 11 to 17 per cent as the tissue of the 
apical tip becomes the tissue of the subapical 
stem, while that of the microsome fraction simul- 
taneously decreases from 19 to 13 per cent. More 
drastic increase in proportion of mitochondrial 
protein in the process of elongation and dif- 
ferentiation has also been reported for corn 
roots (19) and endosperm ceils of castor bean 
seedlings (20). The functions and activities of 
embryonic differentiating tissues are different 
from those of mature tissues, especially those of 
liver and pancreas--the major functions of which 
are to synthesize proteins which are constantly 
drained away. Mitochondria from muscle (2l) 
and nuclei from ascites tumor ceils (22) have been 
shown to incorporate amino acids to the same 
extent as microsomes of the same tissue. I t  is also 
certain that both nuclei and mitochondria can 
incorporate amino acids in vitro (23, 24). 

In searching for a protein fragment of high 
specific activity, particles have been dissociated 
and fractionated by: (a) removal of Mg, (b) enzy- 
matic hydrolysis of RNA, and (c) equilibrium 
sedimentation in density gradients. Very little, 
if any, peptide or protein of high specific activity 
was released from particles which have been 
caused to aggregate by the removal of Mg, which 
is known to be bound to RNA (7, 8). The ribo- 
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nuclease experiment also shows that essentially 
all of the radioactive leucine accompanies the 
aggregated protein with the liberation of little 
soluble protein or polypeptide of high specific 
activity. This conclusion is also supported by the 
results obtained by density gradient fractionation. 
The RNA fraction, separated under conditions in 
which little hydrolysis of chemical linkage should 
occur, contained a low percentage of the total 
radioactivity. The protein in this RNA fraction 
also had only a low activity. Thus, if there are 
amino acids and peptides of high specific activity 
attached to the RNA through covalent bonds, 
the total amount of such material at any given time 
is probably very small. 

Promisingly, the particle has been fractionated 
into three general fractions by sedimentation in 
density gradients established in concentrated 
salt solution. The pellet fraction contained 94 per 
cent of the total RNA and 12 per cent of the total 
protein. Though the undissociated particle should 
have a density near 1.54 to 1.58, based on its 
partial specific volume (4), the protein in the pellet 
is unlikely to be a random portion of the particle 
which did not dissociate, since the specific activity 
of this protein is about twice as low as that of the 
whole particle. The second fraction, having a 
density of 1.26 to 1.55, contains about 33 to 43 per 
cent of the total protein which is substantially 
free of RNA. The last fraction, a precipitate, con- 
tains phospholipide, 5 per cent of the total RNA, 
and 35 per cent of the total protein, which has a 
specific activity 2 to 9 times higher than that of 
the proteins in other fractions. Further studies on 
the kinetics of labelling of these fractions may 
yield promising results. 

The insoluble fractions of the microsomal pellets 
(MP1 and MP2) are of interest. They are not 
likely to be contaminated with mitochondria be- 
cause of the high centrifugal force employed to 
remove the mitochondria. They contain about 30 
per cent of the total protein and 15 per cent of 
the total RNA of the original microsomal pellet. 
These fractions are probably best visualized as the 
fractions of microsomal particles which are at- 
tached to some sort of lipoprotein membrane. 
The presence of an endoplasmic reticulum system 
in pea seedling is, however, yet to be confirmed. 
These fractions were not detected in earlier ultra- 
centrifugal patterns of cell homogenates; pre- 
sumably they merely elevated the base line in 
the schlieren diagram instead of moving as a 

discrete boundary. The purified microsomal parti- 
cles contained little lipide or membranous material 
(4). At present it is not known whether the high 
specific activity of this insoluble microsomal frac- 
tion is to be attributed to the nucleoprotein parti- 
cle or to the membrane or both. Various experi- 
ments (1, 25) did indicate the involvement of the 
lipoprotein membrane in the later stage of protein 
synthesis, especially in excretory organs. In the 
pancreas (26), however, the membrane-bound 
particles themselves may have a higher specific 
activity than do the presumably free particles. 

The present data do not support the notion 
that the ribonucleoprotein particles isolated from 
nuclear fraction are the precursor of microsomal 
particles in the cytoplasm. The particles in the 
nuclear fraction may come from a certain portion 
of cytoplasmic particles (1 to 2 per cent of the 
total) which are tightly bound to rapid sedimenting 
components (5). 

We wish to thank Prof. J. Bonner for his active sup- 
port and helpful suggestions in this work, and Dr. J. 
Vinograd for his advice concerning the sedimentation 
in density gradients. The capable assistance of Mrs. J. 
R. Pilcher and Mrs. Christine Ziegler is also gratefully 
acknowledged. 
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