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Synthesis of Taurine from Sulfate by the Chick.* (31265)

W. G. MarTIN, R. J. M1racrIA, D. G. Spaeta aAnNp H. PATrICK
Department of Agricultural Biochemistry, West Virginia University, M organtown

The synthesis of taurine in the animal is
of importance due to the key roles of this
compound. That it is an essential component
of the bile salts of some species has been
known for some time. More recently, taurine
has been found in nerve tissues and, also, in
the cell membrane of the organism(1). Tt has
been theorized that taurine may act as a cat-
ion accumulator in the cell membrane after
its deamination to isethionic acid.

Ample evidence has been presented(2,3)
that cystine can be converted to taurine in
most species and that SOy is used by some
organisms to synthesize taurine(4). The ac-
tual pathway whereby sulfate ion is incor-
porated into taurine by the chick is being
investigated and preliminary findings pre-
sented here.

Experimental. The initial approach to the
problem was iz vive studies with chicks which
were fed a low sulfate containing diet pre-
pared from purified soybean protein and glu-
cose-hydrate with variation in supplements of
minerals, vitamins, and various compounds
thought to be associated with synthesis of
taurine. In later trials, other proteins and
protein combinations were incorporated into
the purified diet such that amino acid de-
ficiencies would be effected. After a 14-day
feeding period, each chick was administered
20 pc of carrier free HoS**0Oy4 orally by intro-
ducing a 1 ml pipette into the crop and
allowing the isotopic solution to drain gravi-
metrically into this part of the digestive tract.
The chicks were then returned to the chick
batteries and maintained on their respective
rations until they were sacrificed by decapi-
tation at various time intervals. Four or five
chicks were randomly selected from each die-
tary group to be sacrificed at each of the
time intervals and the blood serum, bile, and
liver were sampled and assayed in the fol-
lowing manner. The blood was allowed to

* Published with permission of the Director of
West Virginia Univ. Agric. Exp. Station, Morgan-
town, W. Va,, as Scientific Paper No. 882.

coagulate, then centrifuged, and the serum
collected and assayed for total S*% activity
and protein-bound S*. The bile fluid was
chromatographed (I-butanol equilibrated with
equal volume of 3% acetic acid) on Whatman
No. 1 paper previously soaked in 70% acetic
acid. The liver was homogenized with dis-
tilled water and the deproteinized supernatant
was chromatographed (80% phenol) on
Whatman No. 4 paper. Total taurine was
determined from the liver homogenate by
formation of the dinitrophenol derivative after
extraction with the acid form of Dowex 50(5).
The S3% activity was determined by liquid
scintillation.

Results and discussion. The chicks which
received the low sulfate basal diet incor-
porated S%0,= into taurine as evidenced by
the presence of taurine-S*® in the liver (Fig.
1, Table T) and taurocholate-S* into the bile
(Table II). When the specific activity of
liver taurine was plotted vs time after S¥0,~
administration (Fig. 1), a sloped plateau was
reached after 2 hours. Blood studies indi-
cated that between one and two hours of
time is required to establish the labeled sulfate
pool in chicks fed this type of purified ration.

Chicks fed the purified sulfur-deficient diet
supplemented with methionine, cysteine, thio-
sulfate, sulfite or sulfate gave a growth re-
sponse when methionine or cysteine were fed;
a slight increase with sulfate, no response to
sulfite, and a growth depression with thio-
sulfate. The supplementation of the sulfur-
deficient basal with sulfur compounds had
a variable effect on the $3°0,= utilization for
taurine synthesis during the first 3 hours
(Table I). After 4 and 6 hours, however,
addition of the inorganic sulfur compounds
enhanced the ratio of taurine-S* to total
liver-S%, with methionine having a lesser
influence after 6 hours. This may be due, in
part, to the elevation of the inorganic sulfur
concentration to a more optimum substrate
level.

The inclusion of cholic acid in the purified
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FIG. 1. Specific activity of chick liver taurine
from birds fed the non-supplemented basal diet and
sacrificed at various times after oral administration
of 53504:-

basal diet enhanced the conversion of sulfate
into taurine. Dietary cholic acid is also asso-
ciated with increased bile volumes in chicks
as measured by the volume of bladder bile
fluid. The supplementation of cholic acid to
the low sulfate purified basal diet effected a
slight growth depression. The chicks in these
studies were maintained on the basal diet for
10 days, then supplemented with cholic acid
for 4 days before administration of the $%-
04=. The establishment of a S3-labeled sul-
fate pool appeared to have been effected with-
in one or two hours after administering the
530y to the chicks fed the basal diet (Table
IT). These data are consistent with blood se-
rum-S%° findings in that they show that a
TABLE I. Percent of Total Liver-S® as Taurine-
8% at Time Intervals After Oral Administration of

830 to Chicks Supplemented with Various Sulfur
Compounds.

Hr after oral administration of

Supplement 8%0
to basal* 1 2 3 4 6

None 3.09 6.85 5.49 6.27  10.70
Methionine 3.67 2.65 6.96 7.18 18.50
Cysteine 2.46 1.48 4.07 6.38 10.03
Thiosulfate 4.15 3.26 5.72 14.51 21.71
Sulfite 246 7.12 468 15.80 25.68
Sulfate 93 3.00 6.07 10.14 27.67

* Methionine was supplemented to the basal diet
at a rate of 0.5% and the other compounds were
added such that sulfur was equal.
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plateau of total S3 activity had been reached
by the second hour after dosing. Methionine,
taurine or cysteine supplementation were as-
sociated with smaller taurocholate-S3° concen-
trations in the bile fluid than the basal diet-
ary group. Cholic acid supplementation, alone
or in the presence of methionine, appeared to
enhance the level of taurocholate-S3 in the
bile, but the presence of dietary taurine and
cystine was associated with little change in
taurocholate concentration when in the pres-
ence of cholate. Supplementation of sulfate
repressed the achievement of the level found
in the basal group, and after 4 and 6 hours
they were equal. The low concentration of
taurocholate from chicks fed cysteine appar-
ently was derived from the lower levels of to-
tal taurine in the livers of these chicks. The
specific activities of liver taurine substantiates
the fact that the chick uses S3°0, to synthe-
size taurine (Table III). Dietary sulfate ap-

TABLE II. Ratio of Taurocholate-S* per ml to
Total Bile-S® per ml of Bile Fluid in Chicks Sacri-
ficed at Various Times After Dosing §*0,.

Supplement to Time (hr)
2 3 4

basal diet* 1 6
% Taurocholate-S* of total
bile-S%
None 20.67 23.44 21.78 20.44 26.57

10.75 13.83 14.35 14.98 17.23
25.70 8.72 17.40 25.57 41.14
29.45 32.55 21.02 21.49 17.41

Methionine
Cholie acid
Methionine 4 eholic

Taurine 3.61 16.55 17.42 19.69 11.05
Taurine + cholic 9.04 11.26 14.53 16.86 18.94
Cysteine 15.02 18.26 14.73 12.69 2.44
Cysteine + cholie 3.13 9.94 12.34 15.73 3.04
Sulfate 0.51 14.78 14,95 20.38 27.74

* Methionine was added at the rate of 0.5% and
the other sulfur compounds added sueh that the S
was equal. Cholic acid addition was 0.34%.

pears to enhance the conversion of sulfate-S®?
into taurine when considering that only tracer
amounts of $3%0,= were administered. Also,
methionine effects a more rapid attainment of
the specific activity equivalent to that of the
basal group while cysteine, at this dietary lev-
el, continually enhanced the specific activity
of taurine. This is probably due to similar
labeling of taurine with S from sulfate and
a much lower total taurine value.

When chicks were supplemented with gly-
cine, serine, or alanine to ascertain the utili-
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TABLE III. Specific Aetivity of Liver Taurine
from Chicks Sacrificed at Various Times After Ad-
ministration of S%0,.

Supplement Time after dosing (hr)
to basal* 1 2 3 4
(8.A. — net cpm taurine-8* per ug

taurine in one g liver)
None 39.8 1018 85.7 98.1 103.8
Na,S0, 229 128 323 74.9 84.1
Methionine 1041 113.1 1309 111.0 114.9
Cysteine 98.0 105.8 121.7 143.5 156.3

* Supplements made such that the amount of S
was equal to 0.5% methionine,
zation of these amino acids in the synthesis
of taurine, the results presented in Table IV
were obtained. The chromatographic separa-
tion of the S%-labeled compounds of the liver
indicated that at least 6 metabolites were
present. In this trial, one-half of each amino
acid group received no vitamin B, supple-
ment since previous experimentation had
shown a possible involvement of this cofactor
in the metabolism of sulfate(6).

When glycine was added to the basal diet,
an enhanced rate of taurine synthesis was ob-
served by 15 to 30 minutes after dosing.
Little activity was found at the R equivalent
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to methionine and just slightly more at the
R: of cysteic acid. The chromatographic area
of cystine appeared to have small amounts of
activity one hour after dosing and thereafter.
The conversion of S¥Q,~ into taurine ap-
peared to be rapid and showed good incor-
poration of the isotope from 30 minutes
through the sample taken 4 hours after dos-
ing. The activity shown at R; 0.30 showed
marked increases after the taurine accumula-
tion and is at the R; equivalent to isethionic
acid. Chick liver, heart, spleen, and kidney
can actively convert taurine to this acid. It
appears from the results of Table IV that
S30,= does not pass via cysteine or cystine
en route to its conversion to taurine and, that
after the attainment of a certain level of tau-
rine, the conversion to isethionate ensues. It
is interesting to note that Mason et al(7)
presented data which indicated that taurine
may be an intermediate in the conversion of
sulfate-sulfur to amino acid sulfur in hens.
Trials in progress indicate that under some
dietary conditions considerable amounts of
S35 activity appear at Ry 0.90 on the phenol
chromatograms. Mercaptoethylamine has a

TABLE IV. Chromatographic Separation of 8% Activity in Chick Liver from Birds Fed the
Purified Diet = Vitamin B,, and Supplemented with Glycine, Serine, or Alanine. The paper
was Whatman No. 4 and the solvent was 80% phenol.

Time after oral 8%0, dose (hr)

.25 .5 1 2 4
Supplement R; equivalent Dietary
to basal* to vitB,, + — + - + — + + —
Net epm per 100 A protein-free liver homogenate
None Cysteic acid 12 4 5 7 9 9 12 21 111 19
Cystine 6 5 8 5 27 25 34 30 42 40
R;0.30 & 0.05 13 3 11 20 49 37 61 56 113 127
Taurine 25 78 95 115 244 126 229 164 258 146
Methionine 1 1 0 4 4 1 1 3 2 4
Glycine Cysteic acid 4 6 0 7 5 12 10 6 18 14
Cystine 3 7 3 12 10 13 20 18 24 47
R 0.30 2 9 4 5 18 68 26 38 186 176
Taurine 109 69 181 142 267 124 241 146 254 165
Methionine 0 1 0 0 0 1 4 1 2 0
Serine Cysteie acid 3 0 5 5 9 14 15 14 20 15
Cystine 5 4 0 2 5 12 17 29 41 27
R; 0.30 3 3 7 7 23 31 60 60 126 75
Taurine 37 47 43 87 216 156 281 147 153 142
Methionine 2 0 2 2 0 11 2 7 3 0
Alanine Cysteic acid 1 0 4 2 4 2 8 0 5 9
Cystine 2 0 2 0 6 6 14 6 45 39
R: 0.30 6 0 4 5 5 9 37 16 115 44
Taurine 14 12 56 42 79 61 190 125 300 170
Methionine 1 0 2 0 3 1 4 0 6 3

* Supplements were equimolar at 0.5% for glycine.
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TABLE V. Total Liver Taurine from Chicks Fed
the Purified Basal Diet = Cysteine and Sacrificed
at Various Times After Oral Administration of

8820,
Supplement Hr after S¥0, dose
to basal 1 2 3 4 5
ug taurine per g liver
None 640 490 524 55.0 54.6
Cysteine® 385 404 41.3 37.6 32.3

*.3% cysteine HCL

similar R; in this solvent. The amount of ac-
tivity found at this spot very often parallels
that of the taurine spot, with lesser amounts
present at the R; of hypotaurine. The com-
pound found at R; 0.90 with the S$% is a ni-
troprusside positive compound.

The observation that cystine supplementa-
tion was associated with lower total taurine
in the liver (Table V) is also being investi-
gated further. A low liver taurine and a
smaller concentration of bile taurocholate-S*
with cystine supplementation suggests that
the chick may not use cysteine freely in the
production of taurine. Pasternak et al(8) in-
dicated that cysteine acts as a repressor of the
enzymes utilizing sulfite in E. coli and that
sulfite represses the sulfate-activating en-
zymes. These workers have postulated a
mechanism of differential repression by vary-
ing members of the sulfate metabolic path-
way in bacteria. Further, they report that
the rate of cysteine formation determines how
many enzymes are repressed, enzymes associ-
ated with sulfate activation, reduction, and
sulfite reduction being included. Further re-
search now in progress with C!*-labeled com-
pounds indicates that only small amounts of
labeled taurine are found in the chick after
injection with cystine-3-C%,

Therefore, we would suggest that the chick
uses sulfate, after activation and reduction,
to synthesize taurine. This compound is
formed by the conjugation of activated sul-
fate and a carbon acceptor with or without
the amine group. The latter appears more
likely since our preliminary findings with C**-
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labeled amino acids show good incorpora-
tion of C into taurine and taurocholate after
injection into the chick. Taurine formation
would, therefore, not pass vie total reduction
of sulfate sulfur into cysteine sulfhydryl fol-
lowed by oxidation. In fact, it appears that
in the chick, as in some bacteria, the forma-
tion of taurine from sulfate may be mediated
by the cysteine level due to enzyme repres-
sion or feedback, which would suggest that
cysteine may be formed from taurine. One
possible pathway compound found frequently
in our chromatographic separations of S%-
labeled compounds from chick liver appears
to be mercaptoethylamine.

Summary. The young chick actively con-
verts sulfate-sulfur into taurine. The pres-
ence of optimum levels of inorganic sulfate in
the diet appears to enhance the reaction more
than with organic sulfur. Dietary cysteine re-
presses the formation of total taurine in the
liver and taurocholate-S** in the bile fluid.
These preliminary data suggest that one or
more of the nonessential amino acids may
combine with activated sulfate to form tau-
rine without passing wvie cysteine. Compo-
nents of one carbon metabolism and vitamin
Bi» appear to be associated with the overall
reaction.
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