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strains (Table 11). 
Summary. Twenty-three strains of fibro- 

blasts derived from normal rabbit and chick 
embryo tissue were serialily propagated on 
glass in a variety of media. All except 3 
strains failed to proliferate for more than 8 
to 12 subcultures. The 3 successful strains 
were derived from adult testis, embryonic 
skin-muscle and adult muscle respectively and 
continue to proliferate at  a constant rate after 
38 to 61 subcultures. Vaccinia virus multiplies 
in all 3 strains of fibroblasts resulting in the 
complete destruction of cells. 
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Studies on Utilization of Sulfate Sulfur for Growth of the Chicken.*+ 
( 22708 ) 

I t  has been reported( 1 )  that addition of 
sodium sulfate to a purified diet devoid of in- 
organic sulfur improved growth and feed ef- 
ficiency of young chickens. Studies with S:’.’- 
sulfate have demonstrated that small amounts 
of sulfate sulfur are incorporated into cystine 
in the growing chicken( 1,2)  and laying hen 
(3 ) ,  and larger poctions into taurine by the 
chick embryo( 4 ) .  In  addition. the feathers 
of birds fed Sa,S:‘,O, contain a radioactive 
organic fraction which is not a sulfur amino 
acid and which has not been identified ( 1 ). 

The purpose of these studies was to verify 
the growth response from sulfate sulfur. to 
determine whether such a response results 
from the conversion of sulfate sulfur to sulfur 
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,mino acids and to identify the radioactive 
compound appearing in the feathers after 
the feeding of ;“\Ta2S’:.’O4. 

Growth. The basal diet was a modifica- 
tionS of that used by Gordon and Sizer( 1 ) ,  
which contains l5yo casein and 107. gelatin 
as the prateinll source. Female New Hamp- 
shire X Silver Cornish crossbred chicks were 
ied the basal diet for 1 week. They were 
then weighed. divided into groups of 13 chicks 
of equal weight distribution and fed the ex- 
perimental diets for 3 weeks. The chicks 
were reared under electrically heated brood- 
ers in wire-floored cages, in an air-conditioned 
room. Addition of 0.5% XaZSO, to the b a d  

0 Wesson oil or lard was used as the fat .  MgCO,, 
MnCl, and copper acetate were used instead of the 
wrrcsponding sulfates. 

I( The protein furnished about 0.54% methionine 
and 0.06% cystine. Since the estimate corresponds 
closely to the 0.132% total sulfur found by analysis 
the diet probably contained no inorganic sulfur. 
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TABLE I. Growtli Response from Addition of 
0.5% Na,SO, to Low-Sulfur Diet. 

1I:xp. KO. Body wt (g at  4 wk 70 c ance* 

"32 
1 i 4  
23'7 
210 
3 0 0 
253 
276 
274 
294 
262 
284 
237 

45 
11 
23 
20 

5 
39 
23 
20 
23 
14 
16 
22 

.01 
nolie 
.01 
.05 

none 
.o 1 
-01 
.05 
.05 

none 
.05 

* Pro1xiI)ility usiilg Students' " t" test. 

diet resulted in a growth response in every 
trial which was usually statistically significant 
(Taible I ) .  Feathering of birds fed the basal 
diet appeared normal. 

Utilization o j  SQ,S~.~O,, .  A group of chicks 
was fed the basal diet plus 0.4% DL methi- 
mine. At 2 weeks of age the chicks were fed 
this diet plus 5 mg of b?ayS3*?O4 (1.6 mc) per 
kilo. One and 2 weeks after $he addition of 
radioactive suliate. 5 chicks were killed and 
the S:3-5 in the sulfate, cystine, methionine, and 
taurine fractions determined for individual 
carcasses. The methods were essentially those 
previously described ( 5 )  , except that paper 
chromatography was employed for further 
purification of taurine following chromatog- 
raphy on Dowes-50 resin. A summary of 

1hir:ition of feeding period (wk) t 
1 2 

% of total SXi recovered ('oinl~ountl 

74.5 57.8 
trace 1.4 

.1 
18.9 24.1 
6.6 16.6 

100.0 100.0 

f 2 . i  19.7 

9 9  

* 1 . 6  ~nca,/g of diet. 
t ('hickens were 5 n-k of age at start of radio- 

nct ivc  feetliiig periotl. 
$ naset1 0 1 1  avg fcetl ~'o1Isllllle(l. 

these results is given in Table 11. Only trace 
amounts of radioactive cystine or methimine 
could be detected at 1 week following feeding 
of radioactive sulfate. After 2 weeks there 
was a measurable amount of radioactivity in 
these amino acids. Since only 1.5% of the 
S:j5 ingested was recovered in the cystine and 
methimine it would not a p r  that the rate 
of incorporation of sulfur into these amino 
acids was sufficient to significantly reduce the 
requirement for these amino acids in the diet. 
Taurine-Fz accounted for about 19% of the 
S3z recovered in the birds after 1 week of 
sulfate-S:j*j feeding and 2470 after 2 weeks. 
This increase would suggest that taurine has 
a longer biological half-life than sulfate. A 
portion of the organic-S:35 could not be ac- 
counted for as either cystine, methionine or 
taurine. It is likely that some of this S? j  
was present as unidentified compounds. These 
probably arise from the metabolism of taurine 
(6) .  Taurine accounted for an average of 
6.7% and sulfate 5.6% of the total sulfur of 
the carcass of 4-week-old chickens. 

Feuther compound. The feathers from the 
birds fed sulfate-S:3z were analyzed after acid 
hydrolysis. Sulfate, cystine and methionhe 
accounted for only 475% of the S3*j in these 
feathers. The remainder of the S35 behaved 
similarly to taurine on Dowex-50 columns. 
After paper chromatography, however, it did 
not give the same Rf as taurinse with all sol- 
vent systems. A brown pigment was present 
in fractions containing the unknown S:j5 com- 
pound. In order to avoid any complication 
from this pIgment in the colored feathers of 
the chicks used, a second study was conducted 
with Whitme Leghorn chicks. In this study it 
was found that almost all of the unknown S35 
could be extracted from the ground feathers 
with hot water. This water extract was sub- 
jected to chromatography on Dowex-50( 4),  
followed by paper chromatography with 5 
different solvent systems. Essentially all of 
the non-sulfate-SZ5 in the extract was thereby 
identified as tauaine-S:3*5. Approximately 54 
mg% of ,taurine (on diry matter basis) was 
found(4) in these feathers after acid hydlroly- 
sis. This accounted for about 10% of the 
free amino nitrogen and 0.6% of the total sul- 
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fur in the feathers. 
A third study was conducted with New 

Hampshilre X Silver Cornish birds. The S35 
compound was freed af contamination with 
pigment by eluting it from large sheets of 
Whatman 3MM filter paper after develop- 
ment of radioactive fractions with n-propanol- 
1N XH40H ( 5 :  1) .  When this unknown S3’) 
was rechromatogramed 90% of the S35 was 
found at  the Rf values corresponding to taur- 
ine and the Rf was not changed after treat- 
ment with H202. IVith some chromatograms 
a small second peak of Sss was detected sug- 
gesting the presence of another sulfur com- 
pound. However. most of the unknown S3j 
was apparently taurine whose detection was 
obscured by the presence of feather pigment. 

The significance of taurine in feathers is 
not known. I t  has been suggested(6) that 
end-products of metabolism such as uric acid 
and creatinine are “trapped“ in the feather 
during the process of rapid growth and kera- 
tinization. Similar reasoning could be applied 
to taurine. 

Discussion. Our work confirms the report 
of Gordon and Sizer( 1 )  on the ability of so- 
dium sulfate to stimulate the growth of the 
chicken, but differs with their observations on 
feathering. These workers reported that 
feathering of chickens fed a low-sulfur diet 
was poor and was improved by addition of 
sulfate. In our experience, the feather de- 
velopment of chickens fed a low-sulfur diet 
was satisfactory and showed no improvement 
when sulfate was added ‘to the diet. Sulfate 
sulfur was not utilized for synthesis of sulfur 
amino acids in amounts large enough to sug- 
gest nutritional significance, but was incor- 
porated into tissues chiefly as protein-bound 
sulfate. The growth response from feeding 
sulfaite therefore may be due to a physio- 
logical requirement for sulfate per se. This 
requirement m evidently be satisfied by 
dietary sulfate or by sulfate furnished by the 
oxidation of the sulfur amino acids. Thus 
sulfate may “spare” the methionine or cystine 
which would be oxidized to provide the sul- 
fate necessary for the growth of the chicken. 
The sulfur amino acid requirements have been 

determined with basal diets conltaining vary- 
ing amounts of sulfate sulfur. Therefore, an 
the basis af data now available, it is impos- 
sible to estimate to what extent sulfate sulfur 
can replace methionine or cystine sulfur. 
After feeding of Na2SSO4, over 20% of the 
S:”) was recovered in the chickens as taurine 
and what are probably taurine metabolites. 
Taurine accounts for a substantial part 
(6.7%) of the total sulfur in the chicken and 
it is quite widely distributed in the tissues, 
It is possible that free taurine has some func- 
tion other than as component of bile acids(6) 
and therefore dietary sulfate might also be of 
value as a precursor of taurine. 

S~mnzary. 1. Addition of 0.5% sodium sul- 
fate to a diet low in sulfur stimulated ,aluywth 
of the young chicken. 2.  When Na2S3”4 
was fed for a period of 1 week, approximately 
23% of the S“> ingested was incorporated into 
the tissues. Most of the S35 was recamred 
as sulfate-S:3*7. However, about 19% was 
present as taurine-F, 6.6% as unknown or- 
ganic compounds and barely detectable 
amounts as sulfur amino acids. Two weeks 
after Na2S3*;O4 feeding a larger proportion af 
S::ei was present in the carcasses as taurine and 
unidentified organic compounds and 1.5% 
of the S“’) in the chickens was accounted for 
;is cystine and methionine. It was concluded 
that there is a physiological requirement for 
sulfate per se and that dietary sulfate pro- 
motes growth primarily by providing sulfur 
for this purpose. 3. Taurine was found to 
be the major sulfur constituent of the water- 
soluble portion of feathers. 
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