
10-6 10-6 

Mg** concentration (molar) 

Fig. 6. The interaction of chromomycin 
with DNA; stoichiometry of the Mg++ re- 
quirement. The extent of chromomycin 
complex formation with DNA was mea- 
sured by change in absorbance at 450 mto 
as compared with a solution of chromo- 
mycin containing the appropriate con- 
centration of Mg++. All solutions contained 
chromomycin (100 m/zmole/ml) and an 
excess of native calf-thymus DNA (850 
m,umole/ml). The isosbestic point in- 
creases from 408 mg, to 421 m,/ with 
increasing Mg++ concentration. 

ificity of actinomycin binding is medi- 
ated by the amino group of guanine 
which is located in the minor groove 
of the DNA helix. That chromomycin 
fails to inhibit the template function 
of dldC raises the possibility of the 
same being true for this antibiotic. 
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Chondroitin Sulfate: Inhibition of 

Synthesis by Puromycin 

Abstract. Puromycin reversibly in- 
hibits synthesis of chondroitin sulfate 
by vertebral chondrocytes from 10O-day- 
old chick embryos. Treatment of these 
cells with puromycin for 5 hours does 
not affect viability or capacity to mul- 
tiply on subsequent release from their 
matrix. It is suggested that synthesis 
of this polysaccharide is coupled with 
that of protein; there may be a feed- 
back control in its synthesis. 

Our purpose is to present data in- 
dicating that synthesis of chondroitin 
sulfuric acid (CSA) is intimately as- 
sociated with protein synthesis, since 
puromycin, an inhibitor of protein syn- 
thesis (1), also inhibits the uptake of 
sulfate and glucose into this polysac- 
charide. A similar observation has re- 
cently been reported on the uptake of 
S35-sulfate by bone rudiments of chick 
embryo (2). 

We used the cartilagenous vertebral 
columns from 10-day-old chick em- 
bryos, dissected free of connective tis- 
sues and perichondrium, which we shall 
refer to as "trunks" (3). In each series 
of experiments duplicate trunks of ap- 
proximately equal volume were indi- 
vidually incubated at 37?C in 2 ml 
of Eagle's minimum essential medium 
(MEM) containing 10 percent of horse 
serum and both penicillin and strep- 
tomycin, each at 50 unit/ml (4). In 
experiments designed to demonstrate 
the reversibility of the inhibition in- 
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Fig. 1. Degree of inhibition of synthesis of protein and CSA at various concentrations 
of puromycin. After incubation for 30 minutes in the presence or absence of puromycin, 
trunks were removed to fresh medium before the desired substrate was added; 41/z 
hours later they were analyzed. Incorporation of valine into protein, - --; 
incorporation into CSA of sulfate, -- -; and incorporation into CSA of glucose, 
-A 

containing embryo extract (3). Be- 
cause synthesis of DNA is negligible 
in this system (5), analysis is not 
complicated by problems of cell mul- 
tiplication. In experiments designed to 
demonstrate the viability of cells after 
treatment with puromycin, chondro- 
cytes were liberated from their matrix 
with trypsin and cultured (3). 

Radioactive substrates and quanti- 
ties employed per milliliter of culture 

medium were: Cl4-L-valine, 0.1 ,c; C14- 
glucose, 1.0 ,xc; and S35-sulfate, 5,uc. 
Radioactivity was determined in a Pack- 
ard liquid scintillation counter. The 
scintillation mixture used to count la- 
beled protein consisted of 5 g of 2,5- 
diphenyloxazole and 0.3 g of dimethyl 
1,4-di(5-phenyl-2-oxazolyl)benzene per 
liter of toluene; Bray's mixture was 
used to count labeled CSA (6). 

For determination of incorporation 

5 12 24 48 

Time of Incubation (hours) 

Fig. 2. Recovery of ability to incorporate valine into protein and sulfate and glucose 
into CSA. After incubation for 5 hours in MEM with and without puromycin (100 
m,Amole/ml), trunks were rinsed and transferred to 2 ml of enriched medium. For 2 
hours before the times indicated, they were pulsed with respective radioactive substrates 
and then analyzed. After the 24th hour of incubation the remaining trunks were 
transferred to fresh medium. Symbols as in, Fig. 1. 
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of C14-valine into protein, trunks were 
removed from the incubation medium 
at the desired times, rinsed briefly in 
cold balanced-salt solution (3), and in- 
dividually homogenized in 0.4 ml of a 
solution of bovine serum albumin, 5 
mg/ml. Then 5 ml of 5 percent tri- 
chloroacetic acid was added, and the 
denatured protein was further dispersed 
by homogenization. This suspension 
was cooled in ice for 30 minutes, 
placed in a water bath for 15 minutes 
at 90?C to hydrolyze aminoacyl-RNA, 
and again cooled in ice for 20 min- 
utes; the insoluble protein was then 
plated with suction on 1.8-cm glass 
filter discs. The tubes were rinsed twice, 
each time with 5 ml of 2 percent 
trichloroacetic acid; the rinse solutions 
were filtered, and the solids were 
washed twice with 5 ml of 95 percent 
ethanol and twice with 5 ml of ace- 
tone and counted with 2 ml of the 
scintillation mixture. 

For determination of incorporation 
of S35-sulfate and C14-glucose into 
CSA, the trunks were rinsed in the 
manner described and were individual- 
ly homogenized with 2 ml of 0.2M 
tris buffer at pH 8.0. The suspension 
was placed in a boiling water bath for 
3 minutes and then cooled; to it were 
added 0.08 ml of 0.04M CaC12, 0.08 
ml of 95 percent ethanol, and 0.1 ml 
of pronase (grade B, Calbiochem), 4 
mg/ml in 0.2M tris, pH 8.0, before 
incubation for 8 hours at 50?C (7). 

The CSA labeled with sulfate was 
then isolated in this manner. To 1 ml 
of the pronase digest was added 0.2 ml 
of 2M tris (pH 8.0), 0.7 ml of wa- 
ter, 0.1 ml of CSA (10 mg/ml), and 
1.0 ml of 1 percent cetylpyridinium 
chloride. After 5 minutes, samples were 
centrifuged at 12,000g for 15 minutes 
at room temperature. The supernatant 
fluid was removed and the precipitates 
were suspended in 1.0 ml of cold wa- 
ter and centrifuged again at 0?C. The 
precipitates were then dissolved in 1.0 
ml of methanol, and 0.5 ml was used 
for determination of radioactivity with 
15 ml of Bray's mixture. 

In the case of CSA labeled with 
glucose, the procedure for its isolation 
and counting was the same as that de- 
scribed, except for an initial treatment 
with KOH to degrade RNA: 1 ml of 
2N KOH was added to 1 ml of the 
pronase digest and the mixture was in- 
cubated for 2 hours at 30?C; 0.32 ml 
of 5N H2SO4 was then added to re- 
adjust the pH to 8.0. The CSA and 
cetylpyridinium chloride were then add- 
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Table 1. Multiplication of cells released from 
trunks, either normal or treated with puromy- 
cin; eight trunks were used in each series. 

Cells (X106) from trunks: 
Incubation 

period Treated 
(hr) Normal with 

puromycin 
0 2.06 1.89 

48 4.20 4.76 
72 12.22 12.20 
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Considerable variation in the degree 
of inhibition of incorporation of sul- 
fate was observed for the lowest con- 
centration of puromycin tested; the 26- 
percent inhibition (Fig. 1) represents 
the average of values from six experi- 
ments, which ranged from 13- to 46- 
percent inhibition. This fluctuation was 
not encountered with incorporation of 
either glucose or valine at this same 
concentration of puromycin, nor with 
incorporation of sulfate at the higher 
concentrations of puromycin tested; this 
discrepancy remains unexplained. The 
maximum degree of inhibition of syn- 
thesis of CSA requires about one-fifth 
the concentration of puromycin neces- 
sary for the complete inhibition of in- 
corporation of valine. 

The inhibition of synthesis of both 
protein and CSA is reversible (Fig. 2). 
When trunks are removed to puromy- 
cin-free medium, incorporation of va- 
line into protein returns to a rate about 
80 percent of normal, with gradual re- 
covery of incorporation of sulfate and 
glucose into CSA. 

The reversible nature of inhibition 
by puromycin has been observed in 
vivo (8), in cell-free systems (9), and 
in tissue slices (10). The release from 
the inhibition by puromycin, as shown 
by the return to the near-normal rate 
of incorporation of valine, does not 
in itself necessarily mean that these 
cells have survived this treatment. In 
order to demonstrate that cells in the 
trunks treated with puromycin could 
still be induced to synthesize DNA and 
all components necessary for cell mul- 
tiplication, trunks were incubated in 
MEM in the presence and absence of 
puromycin; the same amount of tissue 
was obtained for each series so that 
the total number of viable cells could 
be estimated. After being incubated 
for 5 hours, they were transferred to 
puromycin-free MEM and incubated 
overnight. The next day they were 
treated with trypsin. The cells were 
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then suspended, washed, and resus- 
pended in 2 ml of medium, and 1 ml 
of the suspension was plated on clots 
and incubated for 48 and 72 hours, 
at which times the cells were recov- 
ered and counted. Almost the same 
number of cells (91 percent) were ob- 
tained (Table 1) from puromycin- 
treated trunks as from untreated 
trunks, and treated cells multiplied as 
well as normal cells. 

Treatment of 10-day-old trunks with 
puromycin for 5 hours under the 
above conditions thus has no deleteri- 
ous effect on the capacity of chondro- 
cytes for cell division. However, treat- 
ment with puromycin beyond 5 hours 
under such conditions kills many 
cells: 70 percent are killed after a 
6-hour exposure to puromycin. 

Our results indicate that syntheses 
of CSA and protein are intimately as- 
sociated. This idea is supported by the 
observation that actidione, another 
inhibitor of protein synthesis (11), in- 
hibits synthesis of CSA (12). Since 
CSA is covalently linked to protein 
(13), it seems that its synthesis must 
be coupled to that of protein. This 
may also imply the existence of a feed- 
back control of the synthesis of this 
polysaccharide whereby no protein- 
free CSA accumulates because it in- 
hibits some step in its own synthesis. 
A recent report of a similar effect of 
puromycin on the synthesis of glyco- 
protein in rat liver is that inhibition 
of synthesis of protein led to the ac- 
cumulation of uridine-diphospho-N- 
acetylglucosamine, which is an inhibi- 
tor of the first reaction in its own 
biosynthesis (14). 

The long-term effect on CSA syn- 
thesis of a brief treatment of these 
cells with puromycin at a concentra- 
tion that completely inhibits synthesis 
of protein is of some interest. The 
gradual return to normal synthesis of 
CSA, as determined by incorporation 
of sulfate and glucose, occurs only 
when the enriched medium is used; 
when trunks are instead transferred 
to MEM, a loss of 60 percent in the 
rate of incorporation of glucose or sul- 
fate into CSA is still observed after 
48 hours, whereas incorporation of 
valine returns to 70 percent of nor- 
mal. 

This failure to synthesize CSA may 
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of turnover during the inhibitory pe- 
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tor which affects synthesis of CSA 
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more than protein synthesis, or of the 
loss of some cofactor necessary in this 
synthesis. It is significant that puro- 
mycin does not interfere with the re- 
lease of radioleucine from labeled pro- 
tein in liver slices (12), which fact is 
evidence for the turnover of protein 
(15); it has also been demonstrated 
that puromycin prevents neither the 
disappearance of tryptophan pyrrolase 
in rat liver when injected after full 
induction of this enzyme has been ob- 
tained (16), nor the turnover of rat 
liver amylase (17). 

G. DE LA HABA 
H. HOLTZER 

Department of Anatomy, School of 
Medicine, University of 
Pennsylvania, Philadelphia 
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only in the right uterine horn, but both 
ovaries ovulate. 

Reproductive tracts of 49 female 
common duikers (Sylvicapra grimmia) 
were collected in Bechuanaland and 
Rhodesia. In 39 of these tracts preg- 
nancy was obvious and the single em- 
bryo was implanted in the right uterine 
horn. Thus the common duiker resem- 
bles three other African bovids in this 
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