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ABSTRACT

Eighteen crossbred pigs were weaned at 4 days of age and fed up to 28 days of age to ex-
amine the effect of sulfur amino acid content of three diets upon plasma taurine concentration
and hepatic cysteinesulfinate decarboxylase activity. The experimental diets consisted of either
whey protein (W) or partially hydrolyzed soy protein (S) as the source of protein. 0.25%
methionine was added to the S diet for the third dietary regimen (SM). Sulfur amino acid con-
tent(methionine plus cystine) of the three diets was 1.53%, 1.34% and 1.09% for the W, SM
and § diet, respectively. Plasma taurine concentration from the pigs fed the three experimental
diets reflected the total sulfur amino acid content of the diet. The S diet resulted in a sig-
nificantly lower plasma taurine level than the W and SM diets throughout the experiment. After
three weeks, pigs fed the W dict had significantly higher plasma taurine concentration than
those fed SM diet. Therefore it appears that taurine requirement of the pig depends on the sul-
fur amino acid contents of the diets and the conversion of sulfur amino acid to taurine seemed
not to be limited by any factor when sulfur amino acid was below 1.53% of the diet. There was
no significant differences between three dietary groups in hepatic cysteinesulfinate de-
carboxylase activity and this suggests that the reduced cysteinesulfinate decarboxylase activity
due to high sulfur amino acid in the diet may not occur in the pig liver. (Korean J Nutrition
29(3) : 260~ 266, 1996)
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Introduction

The dietary requirement of taurine is well es-
tablished in the cat the most. The taurine depleted
cats show retinal degeneration and visual dysfunction”
¥, various neurological abnormalities*® and many ad-
verse effects on reproductive” and immunological
funcdons®”. Now, it is generally accepted that taurine
is a “conditionally essential nutrient” to human infants
and children, especially those born prematurely or
under long-term parenteral nutrition, and . possibly
also for adults”'”. Now, almost all the preparations
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of infant formula manufactured in the dcvclopcd
countries contain added taurine in concentraions that
are roughly equal to those found in human milk.
Although the predominant route of taurine biosyn-
thesis varies among species and depends on the type
of tissue, the major pathway is considered to be the
formation and decarboxylation of cysteinesulfinic acid
by cysteine dioxygenase and cysteinesulfinate de-
carboxylase(CSAD ; EC 4.1.1.29)'"Y. CSAD has been
thought to have a rate limiting role in the taurine syn-
thetic route and it is generally agreed that the activity
of this enzyme reflects the synthetic capacity of dif-
ferent tissues and species'™'. In most species, CASD
activity is Ejghcst in liver and several investigators
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have suggested that the differences in hepatic CSAD
activity among species account for the observed diff-
erences in taurine synthetic rates''®. For example, rat,
mouse and dog livers have high levels of CSAD ac-
tivity and these species synthesize taurine rapidly com-
pared to the cat, monkey or man that have lower
CSAD level and appear to synthesize taurine slowly.

However, there have been several reports in the
literature that CSAD activity and taurine con-
centration in rat liver are not corrclated'®” and these
suggest that hepatic CSAD may not play the rate lim-
iting role in taurine biosynthetic pathway. Rat liver
and wurinary taurine concentration increased when
hepatic CSAD activity was reduced due to a high pro-
tein diet''®. Later, the activity of this enzyme was
also found to decrease after feeding rats methionine'-
or cysteine®
Steele® suggested that the depression of hepatic
CSAD activity in response to high-protein feeding is
specially regulated by sulfur amino acids metabolized
by S-adenosyl methionine-dependent pathway of
methionine metabolism.

Depression of hepatic CSAD activity by a high pro-
tein diet or sulfur amino acid supplementation has
never been studied in any other animal but the rat.
Neconatal pigs have been used extensively to evaluate
the nutritional requirements of human infants due to
anatomical and physiological similarities between two
species™”?, Therefore, in the present study, plasma
taurine concentration and hepatic CSAD activity were
investigated using the early weaned piglet to examine
how they are related in the pig body fed the different.
level of sulfur amino acid and whether the depression

Table 1. Composition of the experimental diets

. Diets(g/10kg)
Ingredients W W S
Fat 4/80' 2000 2000 2000
wpC? 6630 0 0
SY35F3° 0 6630 6630
Stardry 24R* 1120 10954 1120
L-Methionine 0 24.6 0
Syloid® 100 100 100
Dicalcium phosphate 90 90 90
Vit/Min® 60 60 60

1) Merrick Foods, 4% whey protein : 80% fat

2) Whey protein concentrate, 35% protein

3) Liquid whey and liquified soy diet supplied by Del-
town Chemurgic, 35% protein

4) Hydrolyzed Starch(DE=24)

5) Silicon drying agent

6) Vitamin/mineral package rom Carl Akey, Inc. Present
at NRC recommendations.

-supplemented diets and Jerkins and -
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of this enzyme due to high dietary sulfur amino acid
also occur in the other animal except the rat.

Experimental procedure

1. Animals and Diets

Eighteen crossbred pigs were weaned at 4 days of
age and divided into three groups of six which were
matched for sex, age and weight. The pigs were plac-
ed in a 5'x6' pen with a plastic coated, woven-wire
floor.

At 7 days of age the pigs were assigned to ex-
perimental diets(Table -1). The experimental diets con-
sisted of either whey protein(fW) or partially hy-
drolyzed soy protein(S) as the protein source. Sup-
plemental methionine was added to S diet for the
third dietary regimen(SM) to bring the total methion-
ine content to 0.74%, which is similar to the methion-
ine content of the W diet. Table 2 shows the amino
acid content of the three expermental diets det-
ermined by high performance liquid chromatography
after acid hydrolysis. The three experimental diets
were isocaloric and isonitrogenous. The pigs were fed
according to the formula, 12.5ml per hour per(kg

body weight)*”* by the automatic feeder.

2. Blood- Preparation and Plasma Amino Acid
Concentration ‘
Blood was collected from the jugular vein using the
heparinized syringe. Plasma stored at -20°C was depro-
teinized. by mixing with 1/4 part of 15% 5-sul-
fosalicylic acid and supernatant was stored at -20T.
The frozen supernatant was thawed .at room tem-
perature and filtered through a 0.45pm filter and stor-
ed at -20°C. Pico-Tag Derivatization Procedures des-

Table 2. Amino acid composition of the experirﬁental

diets'
. . Diet
Amino AC|.’d> W v 3
Phenylalanine 1.18 1.51 1.51
Valine 1.56 1.72 1.72
Threonine 1.06 1.37 1.37
Isoleucine 0.78 1.79 1.79
Methionine 0.68 0.74 0.49
Histidine 0.73 0.72 0.72
Arginine 0.83 2.10 2.10
Leucine 2.39 © 2,57 2.57
Lysine 1.95 2.07 2.07 -
Cystine 0.85 0.60 0.60
Methionine+Cystine 1.53 1.34 1.09

1) Expressed as % of the diet : g/100g diet.
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cribed by Cohen et al®®. was used to determine plas-
ma amino acid concentration by high performance li-
quid chromatography. Ten microliters of the depro-
teinized mixture was dried under vacuum, dried again
after suspending in redrying agent(methanol : 1.0M
sodium rithylamine=2 : 2 : 1), derivatized
with phenylisothiocyanate, and then dried as before.
The dried and derivatized samples were stored at -
20T and suspended in 5 mM phosphate buffer, pH 7.
4, shortly before injection to C-18 pico-tag reverse
column maintained at 35C. A linear gradient from
eluent A to eluent B was used at the flow rate of 1
ml/min in 24 minutes. The starting buffer A con-
sisted of sodium acetate buffer pH 6.4 containing 6%
(V/V) acetonitrile. Buffer B was a 60/40 mixture of
water /acetonitrile.

acetate °

3. Determination of CSAD activity

By the jugular injection of 2.0 ml of T-61 Eu-
thanasia, the pigs were killed after three weeks of ex-
perimental period. The fresh liver was disrupted in an
Omnimixer with a 3 fold volume(V,/W) of 20mM po-
tassium phosphate buffer, pH 7.1, containing 1.0mM
2-mercaptoethanol, 0.1mM EDTA and 0.1mM py-
rydoxal phosphate. After the suspension was filtered
through four layers of cheesecloth, the filtrate was
homogenized in a Dounce tissue homogenizer. The
10,800xg for
40minutes in a refrigerated centrifuge and the su-

homogenate was centrifuged at
pernatant was used to determine the CSAD activity.
Standard assay conditions were those modified from
the method described by Daniels and Stipanuk®. The
incubation was carried out in a total volume of 1.5ml
in a 25ml Erlenmeyer flask. The reaction mixture con-
tained 12mM L-[1-"C]-cysteinesulfinic acid, 8 nCi, 0.
5mM dithiothreitol, 250mM potassium phosphate
buffer, pH 7.1 and homogenate supernatant. All com-
ponents of the reaction mixture were added to the
flask in an ice bath. A plastic center well was inserted,
and the flask was sealed with septum rubber stopper.
The center well contained 0.3 ml of a 1: 2 mixture
of 2-ethanolamine and ethylene glycol monomethyl
ether and a folded piece of Whatman No. 1 filter pap-
er. The reaction was initiated by transferring the flasks
to a 37T shaking water bath and allowed to proceed
for 30 minutes. Each reaction was stopped by in-
jecting 1 ml of 10% trichloroacetic acid through the
septum rubber stopper into the reaction mixture. The
flask was left in the 37°C shaking water bath for an ad-
ditional 60minutes to allow complete trapping of

evolved carbon dioxide. The center well and its con-
tents were placed in a scintillation vial, 5 ml of In-
tragel was added and the radioactivity was determined
by a Packard Tricarb Scintillation Spectrometer. One
unit of enzyme activity represents the amount of en-
zyme that produces 1 nmole of carbon dioxide per
minute at 37°C. The method of Lowry et al., as mod-
ified by Zak and Cohen®® was used to determine the
concentration of the protein using bovine serum al-
bumin as a standard.

4. Statistical Analysis

The significances of the effect of dietary sulfur am-
ino acids on the plasma sulfur amino acids and hepat-
ic CSAD activity were .tested by Duncan's multiple

range test after analysis of variance® .

Results

Table 3 shows that the plasma taurine con-
centration of the three dietary groups of pigs parallels
that of the total sulfur amino acid content of the diets
while plasma methionine and cystine patterns seem to
reflect that of dietary methionine content. The S
group had significantly lower plasma methionine con-
centrations than the other two groups throughout the
three week experimental period. Plasma methionine
concentrations of the SM group was the same as
those of W group in the first 2 week. By the end of 3-
week experimental period, pigs fed the SM diet had
significantly higher plasma methionine concentration
than those fed the W diet.

Plasma cystine concentration of the S group was sig-
nificantly lower than that of the W and SM diets after
consuming the experimntal diet for 1 week, and low-
er than those fed the SM diet after consuming the ex-
perimental diet for 2 week. Added methionine to the
$ diet resulted in plasma cystine concentrations similar
to those obtained from W diet.

Throughout the experimental period, the pigs fed
the S diet had significantly lower plasma taurine con-
centrations than those fed the W and SM diets. Pigs
fed the SM diet had plasma taurine concentrations a-
bout the same as those of the W diet-fed pigs for the
first 2 weeks but by the end of 3 week experimental
period, plasma taurine concentration of the SM group
was significantly lower than that of the W group.

Supplementation of 0.25% methionine to a partially
hydrolyzed soy protein-based diet resulted in sig-
nificantly higher plasma taurine concentrations. The
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Table 3. Plasma sulfur amino acid levels' and hepatic cysteinesulfinate decarboxylase activities” of the pigs fed diets diff-

ering in sulfur amino acid content

Cysteinesulfinate

Age and Group Methionine Cystine Taurine Decarboxylase
14 days
w4y 215.5 £29.2* 280+ 2.5° 265.8 + 4.7°
SM(4) 211.0 £ 1045° 376 + 3.5° 249.1 + 32.45°
S(3) 84.6 +10.91° 10.1 + 4.27° 103.0 + 4.56°
21 days .
W(3) 179.3 + 23.04° 36.6 + 12.64% 192.0 + 42.72°
SM(4) 179.1 + 19.4° 474 + 4.5° 129.7 + 8.5°
S(4) 60.2 = 5.7° 19.1 + 3.4° 66.1 + 14.5°
28 days '
W(6) 126.8 + 8.94° 30.8 +- 7.84° 268.9 + 14.94° 0.80 + 0.033°
SM(6) 206.8 + 17.31° 412+ 7.02° 148.3 + 23.03° 0.90 + 0.082°
S(6) 353 + 2.08° 311 £ 2.69° 55.2 + 10.49° 0.94 + 0.065"

1) Expressed as umoles/L.
2) Expressed-as nmoles CO-/min/mg soluble protein.
3) Numbers in parentheses are numbers of samples.
4) Values are means £S.E.

ab, and ¢ : At each day, within a column, values followed by the same superscript letter are not significantly different(p

< 0.05).

significant difference between the plasma taurine con-
centrations of the two dietary groups(S vs SM)-due to
methionine-supplementation occured from the end of
the first experimental week and extended to the last
of the experimental period. The pigs fed whey protein-
based diet had plasma taurine concentrations es-
sentially same at the first bleeding, higher but not sig-
nificantly at the second bleeding, and finally sig-
nificantly higher at the end of three weeks compaed
to those fed the partially hydrolyzed soy protein-bas-
ed diet with methionine supplementation. Thus, the
differences in plasma taurine concentrations: between
the groups due to the different total sulfur amino acid
content of the three experimental diets appeared to in-
crease as the pigs consumed more experimental diet.
Hepatic CSAD activity of the threee dietary group
is shown in Table 3. The pigs fed the S diet tended
to have a higher hepatic CSAD activity than the SM
diet-fed pigs, which in turn tended to have a higher
enzyme activity than those fed the W diet. However,
the differences in' the enzyme activity among the
three dietary groups were not significant(p < 0.05).

Discussion-

A significantly higher plasma = methionine con-
centration of the pigs fed SM diet than-that of the
pigs fed W diet for three weeks is difficult to be ex-
plained. It is thought to be complicated-to compare

data from S and SM groups only according to the dif-
ferent sulfur amino acid content with those from W
group since the W diet was based on the different pro-
tein source from the other two experimental diets. It
has been well established that the relative importance
of taurine decreases in many mammalian tissues with
the development and this may provide the possible ex-
planation that the plasma taurine concentration of SM
group is significantly lower than W group despite the
same or higher methionine and cystine levels of SM
group compared to W group at 28 days of age. Al-
though table 3 does not demonstrate statistical
analysis for the significance of day effect, there are sig-
nificant changes in plasma taurine and methionine
concentrations according to the development of the
pigs while the changes in plasma cystine level with
age are not significant during the period of the
present experiment. Namely, plasma methionine and
taurine concentrations decrease from 21 and 14 days
of age, respectively. Many researchers have attempted
to relate the nutritional importance of taurine spe-
cially in the developing organ to the higher taurine
congcentration in that organ than the mature one. For
example, the obscrvation of unusually high taurine lev-
els in the immmature mammalian brain and the de-
crease in taurine concentration during development
provided the basis to the hypothesis that taurine may
have a special role in brain ontogeny in addition to its
role in mature brain'®. Also, all the mammals in-
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cludiig the human have the highest taurine con-
centration in colostrum and taurine level decreases
during the lactation. While the nutritional importance
of taurine decreases with the development, the need
to keep plasma cysteine concentration may not reduc-
ed(for instance, in order to synthesize glutathione)
throughout the period of 14 to 28 days of age. The
increasing relative importance of plasma cysteine con-
centration compared to plasma taurine level with time
can be the possible explanation why the plasma cys-
tine level of S group increased to those of the other
two groups at the end of the 28 days of age, al-
though the plasma taurine concentration of S group
was significantly lower than the other two groups.

The effect of supplemental methionine on plasma
taurine has been studied in growing rats by Lom-
bardini and Medina®. They observed that DL-
methionine, when added to the basal diet increased
taurine concentrations in all tissues but the plasma. In
a similar study with the cat™, plasma taurine was

found to be sensitive to the total sulfur amino acid

content of the diet independent of total protein when
methionine plus cystine was below 1.55% of the diet.
Plasma taurine concentration did not increase further
when 2.40% and 2.92% sulfur amino acids of the diet
were fed and it was not influenced by the source of
fat. In the present study, it appears that taurine re-
quirement of the pig depends on the sulfur amino
acid contents of the diets and the conversion of sulfur
amino acid to taurine seems not to be limited by ariy
factor below the level of 1.53% sulfur amino acid.
Whether plasma taurine concentration increases furth-
er if more sulfur amino acid is fed has not determined.
In this moment, it has not observed whether low plas-
ma taurine concentration in pigs fed low sulfur amino
acid diet is associated with any adverse effect. Al-
though it has not established that low plasma taurine
concentration represents taurine deficiency, this study
suggests that 1.09% and 1.34% sulfur amino acid is
not sufficient to saturate plasma taurine pool. )
The lack of the significance in the differences
among the CSAD activities of the three dietary
groups may result from the species difference. The rat
has been the only animal model for the study con-
cerning the effect of dietary modulation on this en-
zyme and there is a big difference in the enzyme ac-
tivity and dependence on dietary taurine between
species. In this experiment, which is considered to be
the only study reporting the hepatic CSAD activity in

the pig so far, the activity of this enzyme was det-
ermined to be 52.8 and 55.2 nmoles CO,/hr/mg
soluble protein in 28, day-old and adult pig liver,
respectively. In contrast, the activity of this enzyme in
28-day old and adult rat liver has been reported to be
276 and 468 nmoles CO,/hr/mg soluble protein,
respectively'®
able to synthesize taurine 5-8 times faster than the
pig. It is clear that taurine is essential to the nutrition
of cats and totally nonessential to that of rodent while
the nutritional significance is still debatable in human
nutrition from the massive body of investigation. Es-
sentially nothing has been reported about taurine in

. Therefore, the rat is considered to be

the pig, which shares many anatomical and phy-
siological similarities with humans, except that re-
ported by Stephen et al.*®. They examined the sui-
tability of the piglet as an animal model with respect
to taurine metabolism and suggested that the pig pro-
vided a useful model for the human infant.

The amount of amino acid and protein added to
basal diet may affect the degree of decrease in hepatic
CSAD activity due to high protein diet or sulfur am-
ino acid supplementation. To see the decreased hepat-
ic CSAD activity, some researchers supplemented the
basal diet with a much higher amount of sulfur amino
acid than we did in the present study, namely 1.4%

) whereas Jerkins and

methionine'” and 2.6% cystine
Steele® could observe the significant 23% decrease of
the enzyme activity by supplementing methionine by
0.25%, which is the same amount added to the S diet
in the present study. They also suggested that de-
crease in hepatic CSAD activity by feeding graded lev-

2D was in a dose

els of dietary casein' and methionine
dependent manner. '

The observations that the dietary manipulations in-
creasing plasma taurine concentration decrease CSAD
activity in rat liver has challenged the rate limiting
role of this enzyme in taurine biosynthetic pathway
and more recent work® suggested that the reaction
catalyzed by cysteine dioxygenase rather than CSAD
plays the major role in determining the extent of cys-
teine conversion to taurine in rat hepatocytes. In hepa-
tocytes isolated from rats fed the 30% casein diet, cys-
teine dioxygenase activity was 10 times as great and
CSAD activity was only 0.2 times as much and these
were consistent with increased taurine production
from cysteine and dereased taurine production from
cysteinesulfinic acid in the hepatocytes from rats fed
30% casein diet®™.



While reduced CSAD activity due to high sulfur am-
ino acid of the diet in the pig liver was not observed
in the present study, at least it was shown that the in-
creased plasma taurine concentration of the pigs fed
the high sulfur amino acid diet was not due to the in-
creased ‘hepatic CSAD activity. More study is needed
to determine whether the reduced CSAD activity due
to high sulfur amino acid in the diet also occur in the
pig liver, using more dramatic difference in the sulfur
amino acid content in the diet or using more proper
experimental design, namely, the supplementation of
the graded levels of sulfur amino acid to the basal diet.
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