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ABSTRACT 

The rate of constitutive myosin synthesis was measured in cultures of replicating 
embryonic chicken skin fibroblasts by pulse labeling with [3H]leucine. These cells 
synthesized the 200,000-dalton heavy chain of myosin (MHC) at a rate of 3.2 • 
103 molecules/cell/min. Additionally, an independent estimate of the MHC 
synthesis rate needed to maintain a constant level of constitutive MHC/cell was 
calculated from total protein content, percentage MHC, fibroblast doubling time, 
and MHC half-life. This calculated rate of ~2.9 x 103 molecules/cell/min was in 
close agreement with the measured rate. By comparison, the synthesis rate of 
myofibrillar MHC in fully activated muscle cell cultures was ~2.9 • 104 
molecules/nucleus/rain. 
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The intracellular location, content, and functional 
properties of the constitutive contractile proteins 
in nonmuscle cells have been studied widely in 
recent years. Thin filaments, for example, have 
been observed ultrastructurally in nonmuscle cells 
by electron microscopy (19, 20, 21, 25), by 
antibody staining with antiactin (13) and antitro- 
pomyosin (12, 16), and by binding of fluores- 
cently labeled heavy meromyosin to actin fila- 
ments (23, 24). Analysis of actin content in non- 
muscle cells by a variety of preparative and bio- 
chemical techniques is discussed by Pollard and 
Weihing (21). Less is known about constitutive 
myosin heavy chain (MHC) metabolism in non- 
muscle cells. Constitutive myosin has been esti- 
mated to compose - 0 . 5 - 3 %  of the total protein 
in a variety of nonmuscle cells (1, 3, 9, 17, 18), 
and both constitutive MHC and actin in nonmus- 
cle cells are the products of different genes than 
the myofibrillar myosin and actin found in muscle 
fibers (2-4, 6-8, 10, 22, 27, 28, 30). The purpose 
of the present research was to quantitatively meas- 

ure the extent of activation of the constitutive 
MHC gene in replicating fibroblasts relative to 
that of the myofibrillar MHC gene in muscle cells. 

MATERIALS AND METHODS 

Preparation o f Fibroblast 
Cell Cultures 

Skin that had been removed from the legs and under- 
sides of 12-d embryonic chickens was placed into 10 ml 
of buffered saline solution (BSS), consisting of 137 mM 
NaCI, 2.7 mM KCI, 1.0 mM CaCI2, 1.0 mM MgCI~, 
0.15 mM NaH2PO4, 6.0 mM NaHCO.~, 5.5 mM glucose, 
pH 7.4. Trypsin was added to a concentration of 0.05%, 
and the suspension was incubated at 37~ for 5-10 min 
with repeated aspiration to aid fibroblast dissociation. 
After the suspension had become somewhat milky in 
appearance, the cell suspension was centrifuged at 700 g 
for 5 rain at room temperature, and the cell pellet was 
resuspended in complete culture medium (Eagle's Mini- 
mum Essential Medium plus 5 % chicken embryo extract 
and 10% horse serum). Cells were counted with a 
hemocytometer and plated at a density of - 5  x 100 
cells/15-cm diameter Falcon tissue culture dish (BBL 
Microbiology Systems, Becton, Dickinson & Co., Cock- 
eysville, Md.). Fibroblasts were incubated at 37~ in a 
95% air-5% COz atmosphere in 15 ml of complete 
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medium, and medium was replenished every 24 h. When 
each fibroblast culture became nearly confluent, it was 
subcultured by trypsinization into three additional 15-cm 
culture dishes. Approximately 3 d were required for the 
fibroblasts to approach confluence under these condi- 
tions, and all cells had been subcultured three to four 
times before each experiment. Doubling times ranged 
from 15 to 19 h, and, as shown in Fig. 1, the total 
protein content of these cultures closely paralleled the 
celt number. 

Preparation of Muscle 
Cell Cultures 

Muscle cell cultures were isolated from 12-d chick 
embryos (29, 31) and plated in 15-cm Falcon tissue 
culture dishes (coated with 0.25 mg of collagen) at an 
initial cell density of 2 • l@/dish. Under these condi- 
tions, myogenic cells began to fuse after - 3 0 - 3 5  h. 
Cellular fusion increased rapidly for the next 24-36 h 
such that 70-80% of the nuclei were within myotubes 
by 70-80 h. Replication of nonmuscle cells was inhibited 
after 48 h by the presence of 10 -7 M fluorodeoxyuridine. 
Muscle cultures were analyzed at 5 d of age. 

Nuclei Counts 
Cultures to be counted were rinsed two times with 

BSS at 37~ fixed in absolute methanol for 5 min, and 
stained with Giemsa stain for 20 rain at room tempera- 
ture. At least 1,000 nuclei were counted in randomly 
chosen fields at a final magnification of 320, and the 
total number of nuclei per dish was calculated. 

MHC Synthesis Rate 
The rate of MHC synthesis in fibroblasts was deter- 

mined by pulse labeling with 10 /zCi [3H]leucine/ml in 

6.6 

6.4 

6.2 
E 

~ 6.0 

..J 

5.8 

i i i ! t l ! 

20 ~ 6 0  
Hours After Subculture 

3oo  
2.25 i~ 

?= 
| 

150 ~ n 

o 
o 

0 
8o 

FmURE 1 Proliferation rate and total protein accumu- 
lation rate in replicating fibroblasts. Number of cells and 
total protein content in 6-cm dishes were determined as 
described in Materials and Methods. The experiments 
reported here utilized cells between 40 and 60 h after 
subculture. 

complete culture medium at 37~ for 4 h. At the end of 
the labeling period, the dishes were rinsed once with 
cold BSS and twice with cold 0.25 M KCI, 0.02 M Tris, 
pH 7.4, and the cells were scraped from the surface with 
a plastic spatula into 1.0 ml of 0.25 M KCI, 0.02 M Tris, 
pH 7.4. Cells were then homogenized with 20 strokes of 
a 7-ml Dounce-type glass homogenizer (Wheaton Scien- 
tific Div., Wheaton Industries, MiUville, N. J.; tightly 
fitting A pestle), and the homogenate was centrifuged at 
12,000 g for 10 min. Approximately 20 /xg of chicken 
thigh muscle myosin prepared according to Serayderian 
et al. (26) was added to the supernate to ensure easy 
visualization of MHC after electrophoresis. Skeletal 
muscle myosin was used as cartier in these experiments 
because of the relative ease with which large quantities 
can be prepared compared to fibroblast myosin and 
because skeletal muscle and fibroblast MHC have iden- 
tical electrophoretic mobilities (Fig. 2D).  TCA was 
added to a final concentration of 10%, and insoluble 
protein was collected by centrifugation and rinsed two 
additional times with cold 5% TCA. Residual TCA was 
then extracted by rinsing three times with ether. The 
pellet was dissolved in 0.075 ml of 1.0% SDS, 0.05 M 
Tris-HCl, pH 7.1, 0.5% 2-mercaptoethanol, 20% glyc- 
erol, and 0.01% pyronin Y by heating at 100oC for 10 
rain. Electrophoresis was carded out at 0.5 mA per gel 
on 10% polyacrylamide gels cross-linked with 0.1% 
N,N'methylene-bisacrylamide in 0.2 M Tris-glycine 
buffer (pH 8.8) and 0.1% SDS. Gels were stained with 
0.1% Coomassie Blue in an H20:methanol:acetic acid 
mixture (43:50:7 by volume) and destained electropho- 
retically in a H20:methanol:acetic acid mixture (87.5:5: 
7.5 by volume). Destained gels were frozen in dry ice, 
and 0.5-ram slices were taken through the region of the 
gels containing the 200,000-dahon subunit of myosin. 
Slices were dissolved in 0.2 ml of 30% H202 by heating 
at 50~ for 3 h. 

To convert MHC dpm into number of MHC actually 
synthesized, the specific radioactivity of the [aH]leucine 
used for pulse labeling in the cell culture medium was 
measured. The assumptions were made that intracellular 
[3H]leucine specific radioactivity equilibrated rapidly 
with the extracellutar pool and that the intraceUular and 
extracellular [3H]leucine-specific radioactivities were 
equal. That these are valid approximations is strongly 
reinforced by Fig. 3 and the data of McKee et al. (15). 
To determine [aH]leucine specific radioactivity, TCA 
was added to radioactive cell culture medium to a final 
concentration of 10%. Samples were placed at 2~ for 
at least 2 h to permit the insoluble protein to aggregate, 
and the TCA-insoluble material was removed by low- 
speed centrifugation. The supernate was extracted three 
times with 3 vol of ether to remove TCA, HCI was 
added to 0.0t N, and each sample was loaded onto a 
small Dowex-50 column (Dow Coming Cow., Midland, 
Mich.) equilibrated with 0.01 N HCI. Columns were 
washed with water:methanol (1:1) until all non-amino- 
acid radioactivity was eluted, and the amino acids were 
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eluted from the column with 30% NI-14OH. Eluted 
samples were then dried in a Buchler Rotary Evapo-Mix 
(Buchler Instruments Div., Searle Diagnostics Inc., Fort 
Lee, N. J.) and resuspended in 0.20 ml of 0.01 N HCI. 
One aliquot of this material was analyzed on Ionex-25 
SA-Na thin-layer plates (Brinkmann Instruments, Inc., 
Westbury, N. Y.) to determine [aH]leucine dpm//zl. A 
second aliquot of this mixture was analyzed on a Tech- 
nicon amino acid analyzer (Technicon Instruments 
Corp., Tarrytown, N. Y.) to determine nmol leucine//A. 
[aH]leucine specific radioactivity (dpm/nmol) was then 
calculated. MHC dpm were converted to number of 
MHC by assuming that each MHC contains 160 leucine 
residues (11), a value that is quite constant in divergent 
types of myosin. 

MHC Half-Life 
Proliferating fibroblasts were incubated in the pres- 

ence of complete culture medium containing 1 /xCi 
[aH]leucine/ml for 16 h to ensure complete prelabeling 
of protein with [aH]leucine. Cultures were then grown in 
complete medium without [aH]leucine for the remainder 
of the chase experiment. At the end of the labeling 
period and at 12-h intervals thereafter for 36 h, duplicate 
10-cm plates were rinsed once each with BSS and 
isolation buffer (0.25 M KCI, 0.02 M Tris-HC1, pH 7.4) 
to remove residual radioactivity. Cells were then 
scraped, homogenized, and prepared for electrophoretic 
analysis of radioactivity in MHC as described under 
"MHC Synthesis Rate." To standardize and summarize 
data from separate experiments, the radioactivity found 
in MHC at each of the times indicated was calculated as 
a percentage of the initial value, and the logarithm of 
these values was plotted as a function of time after 
initiation of the chase period. The amount of time 
necessary for the radioactivity to decrease to 50% of its 
initial value was used as the half-life of MHC. 

Purification of  Fibroblast Myosin 
Myosin was purified from fibroblasts by a procedure 

similar to that of Ostlund and Pastan (18). Rapidly 
dividing fibroblasts that had been prelabeled with 1 /zCi 
[3H]leudne/ml for 16 h were rinsed three times with cold 
BSS and scraped into the residual BSS adhering to the 
dishes. These cells were collected by centrifugation at 
1,000 g for 1 min and stored at -20~ for up to 3 too. 
Cells containing 50-100 mg of protein were thawed, the 
cell suspension was made 0.6 M KC1, 2 mM dithiothrei- 
tol (DTT), and 15 mM Tris-HC1, pH 7.2, and cells were 
homogenized 20 times with a Dounce homogenizer. 
This cell homogenate was made 5 mM in ATP and 
MgCI2 and then centrifuged at 150,000 g for 2 h. The 
supernate was then chromatographed over a 0.9 • 54 
cm column of Bio-Gel A-15m (Bio-Rad Laboratories, 
Richmond, Calif.) equilibrated with 0.6 M KCI, 2 mM 
DqT, 0.5 mM ATP, 0.5 mM MgCI2 and 15 mM Tris- 
HCI, pH 7.2. Myosin was located by measuring the 

ATPase activity in an aliquot of each 2-ml fraction. 
ATPase assays were as described elsewhere (1) in 0.6 M 
KC1, 2 mM ATP, 2 mM EDTA, 2 mM DTr ,  and 15 
mM Tris-HC1, pH 7.2. The fractions exhibiting ATPasc 
activity were pooled, and solid (NH4)~SO4 was added to 
60%. The protein was collected by centrifugation at 
15,000g for 15 min, dissolved in 0.25 M NaCI, 15 mM 
Tris-HCl, pH 7.2, and dialyzed for 24 h at 2~ against 
two changes of the same buffer. Aliquots of this protein 
solution were mixed with an equal volume of 1.0% SDS, 
0.5 % 2-mercaptoethanol, 20% glycerol, 0.01% pyronin 
Y, and 0.05 M Tris-HC1, pH 7.1, and electrophoresis 
was carried out as already described. The fractions 
exhibiting ATPase activity contained a high proportion 
of MHC (c.f. Fig. 2D),  and those fractions devoid of 
ATPase activity did not contain detectable quantities of 
200,000-dalton polypeptide. 

Measurement of  Total Protein and 
MHC Content of  Fibroblasts 

Fibroblast cultures were rinsed four times with BSS at 
2~ to remove residual protein adhering to the cells from 
the culture medium. The cells were then scraped from 
the surface of the culture dish with a plastic spatula into 
1.0 ml of 0.25 M KCI, 0.01 M MgC12, 0.01 M Tris, pH 
7.4, and homogenized 20 times with a Dounce homoge- 
nizer. Duplicate dishes were simultaneously stained with 
Giemsa stain so that the number of cells could also be 
determined. Aliquots of the cell homogenates were 
removed for total protein analysis by the method of 
Lowry et al. (14). The remainder of the cell homogenate 
was then centrifuged at 12,000g for 15 rain to sediment 
nuclei, mitochondria, and other cellular debris. Aliquots 
of the 12,000 g supernate were then electrophoresed on 
SDS-polyacrylamide gels as already described. This pro- 
cedure results in >90% recovery of MHC from fibro- 
blasts as evidenced by additional experiments in which 
the 12,000 g pellet was re-extracted with the same buffer 
containing 0.6 M NaCI. The results reported in Table I 
are based on experiments in which only one extraction 
was carried out as described above. The percentage of 
MHC in the 12,000 g supernate was estimated from gel 
scans at 550 nm of the Coomassie Blue-stained gels. 
Gels were scanned in a Beckman DU spectrophotometer 
(Beckman Instruments, Inc., Fullerton, Calif.) equipped 
with a Gilford gel scanner (Gilford Instrument Labora- 
tories, Inc., Oberlin, Ohio) and a Hewlett-Packard 
3380S integrator (Hewlett-Packard Co., Palo Alto, 
Calif.). The percentage of MHC was then calculated, 
and this percentage of MHC was multiplied by the total 
protein content/cell to obtain MHC content/cell. 

R E S U L T S  

The resolut ion of  M H C  in gel scans of  f ibroblast  
cell extracts is shown in Fig. 2 A .  W h e n  skeletal 
muscle myosin was added to these extracts to aid 
in positive M H C  identification, the height  of  only 
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one of the peaks was significantly enhanced (Fig. 
2B).  [aH]leucine incorporated into MHC during 
pulse labeling can be resolved by the gel slicing 
procedure described in Materials and Methods 
from bands of both slightly higher and lower 
molecular weights (Fig. 2 C), and the fact that 
skeletal muscle MHC and fibroblast MHC have 
identical electrophoretic mobilities is shown in 
Fig. 2D.  

In order for kinetics of [3H]leucine incorpora- 
tion into MHC to accurately reflect MHC synthe- 
sis, equilibration of extracellular [aH]leucine with 
the intracellular leucine pool must occur rapidly. 
A manifestation of constant, maximum intracellu- 
lar specific radioactivity would be a linear rate of 
[aH]leucine incorporation into MHC during a 
pulse label. Fibroblast and muscle cultures were 
therefore labeled for 5, 10, 20, 30, 60 ,120 ,180 ,  
and 240 rain with 10/~Ci/ml [aH]leucine. MHCs 
were isolated on SDS-polyacrylamide gels, and 
[aH]leucine incorporation was examined as a func- 
tion of time (Fig. 3). Linear extrapolation of 
[aH]leucine incorporation to 0 dpm illustrates that 
equilibration of extracellular [aH]leucine with the 
intracellular pool must have been nearly instanta- 
neous. Thus, direct comparison of constant-length 
pulse-label data is a valid method for comparing 
rates of MHC synthesis. Only the first 60 rain of 
the experiments are shown in Fig. 3, so the 
behavior in the first 30 rain is more readily 
observed; incorporation was linear for the remain- 
der of the 4-h pulse. 

The constitutive myosin found in nonmuscle 
cells, such as fibroblasts, and the myofibrillar 
myosin found in muscle fibers are the products of 

I~URE 2 Distribution of total fibroblast protein and 
MHC bands on SDS-polyacrylamide gels. The small 
arrow in each panel indicates the band indentified as 
MHC. (A) Scan at 550 nm of a Coomassie Blue-stained 
SDS-polyacrylamide gel containing fibroblast cytoplas- 
mic protein. (B) A duplicate sample similar to that 
shown in panel A, except that ~ 10/xg of skeletal muscle 
myosin was added before electrophoresis. (C) The distri- 
bution of radioactivity in 0.5-ram gel slices taken 
throughout the length of the gel shown in panel B. (D) 
Coelectrophoresis of skeletal muscle MHC and fibro- 
blast MHC. The dashed line is the Ass0 tracing of -10  
/zg of chicken thigh muscle myosin, and the solid line 
represents the radioactivity in [aH]leucine-labeled fibro- 
blast myosin prepared as detailed in Materials and 
Methods. 
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different structural genes (2, 3, 8, 22). Conse- 
quently, the magnitude of  expression of  these two 
distinct gene products was measured in their re- 
spective cell types (Table I). Proliferating fibro- 
blasts synthesize - 3 . 2  x 103 constitutive M H C /  
cell/min, whereas fully activated multinucleated 
muscle fibers synthesize - 2 . 9  • 104 myofibrillar 
MHC/nucleus/min.  These latter data from embry- 
onic chicken muscle cultures are essentially iden- 
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FIGURE 3 Initiation of linear MHC synthesis in prolif- 
erating fibroblasts (Fb) and 5-d muscle cultures (MT). 
Cells were labeled with 10 /~Ci [SH]leucine/ml for the 
times indicated, and incorporation into MHC was meas- 
ured as outlined in Materials and Methods. The amount 
of time required for initiation of linear synthesis of 
[aH]leucine-labeled MHC is very short, implying that the 
intracellular [SH]leucine specific radioactivity rapidly 
reaches a constant, maximum level. The linear regres- 
sion equations are: Fibroblasts, y = 26.1x + 22.2 (x = 
-0.85 rain when y = 0); muscle ceils, y = 85.3x - 467 
(x = 5.47 rain when y = 0). 

tical to one other  report in which embryonic 
Japanese quail muscle cultures were used (5). 

The constitutive M H C  synthesis rate in fibro- 
blasts, which was - 1 0 %  of the maximum myofi- 
brillar M H C  synthesis rate by myotubes (Table I), 
was perhaps higher than anticipated based on the 
difference in the ability of these two cell types to 
accumulate their respective cell-specific myosin. 
Therefore,  an at tempt was made, using independ- 
ently obtained data, to calculate the M H C  synthe- 
sis rate of  replicating fibroblasts. In a simplified 
view of fibroblast M H C  metabolism, only two 
basic needs must be me t in  order for M H C  content 
to remain constant. First, there is continuous 
degradation of  all proteins in cells; consequently, 
fibroblasts need to synthesize enough M H C  to 
replace those molecules destroyed by proteolysis. 
Secondly, fibroblasts are continuously replicating, 
and the remaining M H C  synthesis must keep 
M H C  content/cell constant during the dilution 
caused by replication. The doubling time (or 
generation time) of fibroblasts was ~ 1 8  h, hence 
the quantity of  M H C  in each culture must likewise 
double every 18 h in order  for the average M H C  
content/cell to remain constant. Table II shows 
that - 2 . 2 9  • 103 M H C  must be synthesized in 
each cell per minute to offset the dilution in M H C  
caused by cell replication. Additionally, the M H C  
synthesis rate needed to replace those molecules 
degraded by proteolysis can be calculated. The 
equation that describes changes in M H C  content 
can be expressed as: 

dc/dt = T - CD,  

where dc/dt is the rate of  change in the average 

TABLE I 

MHC Synthesis Rate in Proliferating Fibroblasts and Multinucleated Myotubes* 

[aH]leucine incorpo- No, of MHC mole- No. of MHC molecules 
No. of nuclei/cul- rated into MHC:~ cules synthesizedw synthcsi~d]nucleurdmin w 

Cell type ture (• l0 s) (dpm x 10 4) (• 10 ~) (x 10 ~) 

Proliferating fibroblasts 2.08 ~ 0.2 2.10 + 0.2 1.58 3.17 
5-d muscle cultures 10,10 -~ 0.9 28.08 + 0.07 70.4 29.0 

* Mean -_+ SEM of six experiments for fibroblasts and five experiments for muscle cultures. Each experiment 
consisted of quadruplicate 15-cm culture dishes. 

[:~H]leucine dpm incorporated into MHC during a 4-h pulse label. Counting efficiency was 30-40% and was 
calculated for each gel slice using an external standard. 
w No. of MHC molecules synthesized during a 4-h pulse label. This value was calculated using a tool wt of 2.0 • 10 z 
daltons for MHC, 160 leucine residues/MHC and a [:JH]leucine specific radioactivity of 5 • 104 dpm/nmol for 
fibroblast pulse labels and 1.5 • 104 dpm/nmol for muscle cell pulse labels. 
" Calculated by dividing the data in column three by 240 rain (amount of time elapsed during the pulse label) and by 
the data in column one. In the 5-d muscle cultures, the - 2 0 %  mononucleated cells were assumed to contribute 
negligible amounts of MHC and were excluded from the calculation. 
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TABLE 1I 

Estimation o f  Fibroblast MHC Synthesis Rate Required to Maintain a Constant MHC Level 

MHC synthesis re- 
quirement to offset MHC synthesis re- 

Total protein per MHC per No. of MHC per Doubling MHC half- dilution during repli- quirement to offset Total MHC synthesis 
celt* cells cellw time II life�82 cation** degradation:~$ requirementw167 

pg pg h h MHCIcell/min MHClcell/rnin MHCIceUlmin 

76 +_+_ 3 0.82 2.47 • 10" 18 51 2.29 • 10 :~ 0.56 • 10:3 2.85 x 10 ~ 

* Calculated from Fig. 1. 
~: Calculated by assuming that 1.08% of fibroblast total protein is MHC (determined as described in Materials and 
Methods). 
w Calculated by assuming MHC mol wt is 2 x 10L 
~ Calculated from Fig. 1. 
4] Calculated from Fig. 4. 

2.47 x 106 MHC 1 1 h 
** Replication MHC/cell/min . . . . . . . . . . . . . . . . . . .  x . . . .  x - = 2.29 x 10 :~, 

cell 18 h 60 rain 
2.47 x 10 ~ MHC In2 1 h 

$~t Degradation MHC/cell/min = cell x 51--h • 60 min - 5.60 x 102. 

w167 Calculated as the sum of MHC synthesis needed to offset the dilution caused by replication (column 6) and MHC 
synthesis needed to offset the loss caused by degradation (column 7). 

number of  MHC/cel l  as a function of time, T is 
the M H C  translation rate in molecules/cell/rain, C 
is the M H C  concentration in molecules/cell, and 
D is the first-order M H C  degradation constant. 
Since the assumption has been made that M H C /  
cell is constant, de~dr = 0 and, therefore,  T = 
CD.  Furthermore,  D is related to the half-life of  
M H C  (in minutes) by the relationship, D = In 2/ 
t 1/2, and the following equation describes the M H C  
translation rate needed to meet  the demands 
caused by M H C  turnover: 

C ' l n  2 
T = - -  

t l f2  

The measured M H C  half-life was found to be ~51 
h (Fig. 4),  in reasonable agreement  with the 
fibroblast M H C  half-life of --2.7 days previously 
reported by Rubinstein et al. (22). Thus, the rate 
of M H C  synthesis required to offset degradation 
was calculated to be 560 MHC/ceU/min (Table 
II). The sum of these independently calculated 
synthesis requirements (Table II) is similar to the 
experimentally measured synthesis rate shown in 
Table I. 

D I S C U S S I O N  

Synthesis of - 2 . 9 - 3 . 2  x 10 a constitutive M H C /  
cell/rain by fibroblasts is apparently needed in 
order for each cell to maintain a constant myosin 
level. This range was established by two independ- 
ent  methods. By comparison, the synthesis rate of 
myofibrillar M H C  (which is the product of a 
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as determined by following the rate of disappearance of 
[~H}leucine. The quantity of radioactivity in MHC was 
measured at each time point, and the data from each 
experiment were normalized as detailed in Materials and 
Methods. Each point is the mean of duplicate measure- 
ments, and the line best fitting these data corresponds to 
a half-life of 51 h. 

different gene than fibroblast constitutive myosin) 
in muscle cultures is - 2 . 9  x 104 MHC/nucleus/  
rain. Understanding the mechanism regulating the 
differential expression of these two M H C  genes so 
that one of them directs production of 10-fold 
more protein than the other  is a key question in 
contractile protein metabolism. The fibroblasts 
used in the present experiments were undergoing 
rapid replication. If the constitutive contractile 
proteins are indeed involved in a variety of  cellular 
processes (including cell cleavage, maintenance of 
shape, chromosomal movements,  endo- and exo- 
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cytosis, and pseudopodia formation), rapidly pro- 
liferating fibroblasts would be expected to require 
substantial quantities of myosin. 

In these experiments, it was assumed that all of 
the material migrating with the mol wt of 200,000 
daltons during SDS-polyacrylamide gel electro- 
phoresis was MHC. The pulse-labeling experi- 
ments and MHC half-life measurements were 
analyzed by this criterion. There are several large 
peptides in cells, and it was possible for some of 
these proteins to have molecular weights similar 
to that of MHC. The resolution of electrophoretic 
analysis used in this work (Fig. 2) was sufficient to 
resolve closely migrating bands, and no evidence 
of band broadening or double peaks was ever 
observed. Additionally, as mentioned in Materials 
and Methods, myosin was localized during gel 
filtration chromatography by measurement of its 
ATPase activity. The fractions not exhibiting 
ATPase activity were also essentially devoid of a 
200,000-dalton peptide when the protein in these 
fractions was analyzed by SDS-polyacrylamide gel 
electrophoresis. Another argument against con- 
tamination of MHC from other peptides can be 
made from the data of Ostlund and Pastan (18). 
Two plasmacytoma cell lines contained no protein 
band with tool wt of 200,000 daltons and no K +- 
activated ATPase activity. This, therefore, is one 
case where the absence of a 200,000-dalton pep- 
tide is accompanied by the absence of any detect- 
able myosin ATPase activity. Clearly, this is a 
weak argument; however, these results collec- 
tively suggest that contamination of MHC with 
other peptides is not a problem. 

When the total MHC synthetic needs in fibro- 
blasts were broken down into the two components 
of turnover and replication (Table II), an interest- 
ing fact is observed. Approximately 80% of the 
total MHC synthesis by these logarithmically 
growing cells is needed simply to prevent dilution 
during replication. The remaining 20% is neces- 
sary to replace MHC destroyed by turnover. In 
view of these results, it would be interesting to 
examine regulation of MHC synthesis in confluent 
cultures where cell number is constant and where 
synthesis and degradation are presumably identi- 
cal. Because cell number would be constant, and 
because MHC requirements would therefore be 
diminished, MHC content in confluent cells could 
be modulated either by a drastically diminished 
synthesis rate, by accelerated turnover in the 
presence of a constant synthesis rate, or most 
likely by a combination of these factors. In this 

regard, it is interesting to note that Rubinstein et 
HI. (22) have shown that myofibrillar myosin and 
actin synthesis and degradation are apparently 
highly coordinated in muscle cells, and it seems 
reasonable that constitutive myosin and actin me- 
tabolism would likewise be closely coordinated. In 
fact, constitutive myosin prelabeled in replicating 
precursor myogenic cells (which are nonmuscle 
cells for all practical purposes) can be chased into 
differentiated myotubes, but this constitutive 
myosin continues to be degraded at approximately 
the same rate as in the precursor cells (22). 
Additionally, this constitutive myosin was de- 
graded faster than the myofibrillar myosin elabo- 
rated in the newly formed multinucleated my- 
otubes, further attesting to the basic biochemical 
differences between constitutive and myofibrillar 
contractile proteins and their mechanisms of reg- 
ulation. 

In conclusion, the rate of constitutive MHC 
synthesis in replicating embryonic chicken skin 
fibroblasts is - 2 . 9 - 3 . 2  • 103 MHC/cell/min. This 
synthesis rate seems sufficiently high to meet the 
contractile needs of logarithmically proliferating 
fibroblasts, but it should be re-emphasized that 
these measurements were made under a very 
specific set of conditions for a specific cell type. 
Individual cell types likely modulate MHC synthe- 
sis in response to the unique set of conditions with 
which they are faced. 
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