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Abstract

In order to evaluate the dietary regulation of cysteine sulfinic acid decarboxylase (EC 4.1.1.29) in cats, activity
and protein content of CSAD were assessed in the liver and kidney of cats fed different levels of dictary protein,
with and without taurine. Four groups of cats were fed one of the following diets for 5 weeks: 20% protein and taurine—
free diet (ILPOT); 20% protein and 0.15% taurine diet (LPNT); 60% protein and taurine-~free diet (HPOTY); and 60%
protein and 0.15% taurine diet (HPNT). CSAD activity was determined in the liver and kidney of cats by measuring
“CO, released from [1-""C]-L cysteine sulfinic acid. CSAD protein was quantified using an immunochemical method.
CSAD activity was extremely low in cat tissues, among which kidney showed the highest activity which was 0.118+
0.050, and 0.377+0.056 nimol - min™' - mg soluble protein ' in animals fed LPOT and HPOT, respectively. Even though
renal CSAD protein content was 18 ~55% of the hepatic CSAD protein content, renal CSAD activity was 1.3~6.5
times of the hepatic CSAD activity. Renal CSAD activities of cats fed 609 protein were about 1.6~3.2 times those
of animals fed 20% protein, and hepatic CSAD activity was not significantly affected by the dietary level of protein.
Taurine depletion significantly elevated both hepatic and renal CSAD activities above the values for cats having

normal taurine status most probably as an adaptive response.
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INTRODUCTION

Taurine is biosynthesized from sulfur amine acids, methio-
mine and cysteine in most mammals. Although the exact path-
way of taurine biosynthesis is still controversial, the main
route in many marnmalian tissues involves the formation of
cysteine sulfinic acid (CSA) from cysteine via cysteine dioxy-
genase, followed by the decarhoxylation of CSA to hypotaurine
and subsequent oxidation to taurine {CSA-dependent pathway ).
The enzyme, cysteine sulfinic acid decarboxylase (CSAD, EC
4.1.1.29) which catalizes the conversion of CSA to hypotauine
has been purified for the first time from the dog (1) and rat (2)
liver. Ttis a soluble, pyridoxal 5'-phosphate{PALP)-dependent
enzyme centaining SH-group as an essential part. The activity
of CSA-dependent pathway in various organs show consider—
able species variation, and in general, it is found high in the
liver and brain (3-5), and absent from the mammalian heart
{6). CSA can possibly be transaminated with a-ketogiutarate
{aKG) to its a-keto acid, B-sulfinyl pyruvate which is readily
converted to pyruvate and sulfite (SO, Griffith (7) stucied the
n vivo partitioning of CSA between decarboxylation and tran-
samination, and suggested that in mice about 85% of adminis-
tered CSA was decarhoxylated to hypotaurine, whereas about
16% was {ransaminated to B-sulfinylpyruvate.

Most of the cysteine catabolic enzymes have been reported
to be regulated by protein, methionine and cysteine levels in
the diet (8~11) as well as by the developmental stage of an
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animal (12-14). The activity of rat iver cysteine dioxygenase
was positively correlated with the dietary intakes of protein
(9) and sulfur amino acids (9,10-12). High protein or high
cysteine diets significantly increased the activity of cysteine
desulfhydratase in chick (13) and rat livers (). It has been
found that CSAD in the rat liver also responds rapidiy to the
dietary level of protein, in a reversible manner, and feeding
rats a high protein diet significantly decreased hepatic CSAD
aclivity (16). On the other hand, taurine depletion significantly
increased hepatic CSAD activity in kittens, presumably as part
of an adaptive response (17).

Feline species have a peculiar susceptibility to taurine defi-
clency because of their Himited capacity to synthesize taurine
(18,19) and high demand for dietary taurine for some biclogical
functions, such as bile acid conjugation (20}, Human adults also
have limited ability to synthesize taurine similar to that of cats,
but they rarely develop taurine deficiency. This is because of
the small demand of taurine hy mature tissues and the in-
creased glyeine conjugation of bile acid as a part of an adaptive
response to reduced dietary intake of taurine. In the present
study, the activity and protein content of CSAD, a rate limiting
enzyme in taurine biosynthetic pathway in most mammalian
tissues, were evaluated in the kidney and liver of cats. Strong
adaptive responses of hepatic and renal CSAD activities to
dietary levels of protein and taurine have been suggested in
cats.
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MATERIALS AND METHODS

Animals and diets

Twenty four female cats (1773160 g, 16~ 20 week old) from
a specific pathogen—free colony at UC, Davis were randomly
selected from a larger group maintained on a purified diet con-
taining 435 g soy protein and 1.5 g taurine/kg diet. Half of thern
were prefed 400 g protein, 1.5 g taurine/kg diet for 1 week, and
the other half were prefed a taurine-free diet containing 400
g protein/kg diet for 10 weeks ahead of time for depletion of
body taurine. Cats maintained on 400 g protein, 1.5 g taurine/kyg
diet were switched to either 200 g protein, 1.5 g taurine/kg diet
(LPNT)} or 6800 g protein, 1.5 g taurine/kg diet ([IPNT), and
those maintained on 400 g protein, 0 tauring/kg diet were
switched to either 200 g protein,  taurine/kg diet (LPOT} or 600
g protein, 0 taurine/kg diet (HPOT?} at the end of the prefeeding
period. Each of the 4 groups had 6 cats. The compositions of
experimental diets are shown in Table 1. All diets were fed
in the form of a pellet.

Cats were maintained on these experimental diets for &
weeks prior to being sacrificed for enzyme studies. All animals
were housed in Individual cages in a room having a light cycle
from 06:00 to 22:00 daily and maintained at 24°C to 26°C. Food
and water were provided ad libitum and changed each moming
(09:00 ~ 10:00). Animals were weighed twice a week, and daily
food intake was measured.

Sample collection

Animals were sacrificed between 9:00~ 11:00 without pre--
ceding fasting. Blood sampies were collected from the jugular
vein into heparinized 3ml syringes right before the animals

Table 1. Composition of experimental diets

LPOT - "HPOT - LPNT HPNT
gfke diet
Soyprotein 100 300 100 300
Casein 100 300 100 300
Animal tallow 100 100 100 100
Sucrose 150 150 150 1h0
Starch ARG % 484 84
Mineral mix” 50 50 3 30
Vitamin mix® 10 10 i0 i0
70% choline - Cl 4.3 43 43 43
Taurine - - 15 1.5

LENT, low protein/normal taurine diet: IPNT, high protein/normal
taurine diet; LFOT, low protein/tautine-free diet; HPOT, high
protein/taurine—{ree diet
“The mineral mixture contained (/100 g) CaFIPOz 30.0; KHPOs 5.0;
CaCOs 11.0; MgSQ, 45 KCl 1000 KHCOz 10.0; NaHCO; 14.00
MnS0:- O 02384 ZnSOs-THO 0445, CuSQs-5HO 0.080;
FeCsHs05- 3H:0 1.000; KI 0.003; SnClz-2H:0 0.010; Na:3eOs 0.003;
(NH)eMorO4 - 4H20 0.004; CrCls-6H:0 0.026; NiCla-6H20 0.030;
Z)NaF 0.014; NHWVOs4H:0 0.002; NaCl 0,499,
The vitamin mixture contained (g/kg) cobalamine 0.005; riboflavin
1,002, nicotinic acid 10.022; ecalcium d-pantothenic acid 2.004:
menadione sodium bisulfite complex 1.353; folic acid 1.002;
pyridoxine-HCl 1.000; thiamin mononitrate 2.436; myo-inositol
20:042; d-biatin 0.100; ascorbic acid 40.084; retiny] acetate 2,004,182
1U./kg; choiecalciferol 200,418 LU kg DL-alpha—tocopheryl acetate
16,034 LU /kg.

were sacrificed. Plasma was separated from the heparinized
blood by centrifugation at 1,500 g for 10 min, and kept at ~20°C
until the taurine assay. The liver and kidney were removed from
the animals under pentobarbital anesthesia, immediately freeze-
clamped in Kquid nitrogen, and stored at —80°C unti! the enzyme
assay was performed.

Taurine assay

Thawed plasma samples were deproteinized by using 10%
sulfosalicylic acid, and analyzed for taurine concentration by
an avtormatic amino acid analyzer based on lon-exchange chro-
matography (Beckman model 121-MB, USA).

CSAD activity

Farty percent homogenates (w/v) of frozen liver and kidney
tssue were prepared using a polytron homogenizer in ice cold
50 mM phosphate buffer, pH 6.8 containing (.3%6 Triton X-100,
and centrifuged at 20,000 X g for 30 minutes at 4°C. The super-
natants were assayed for CSAD activity using a modification
of the method described by De La Rosa and Stipanuk (21), The
reaction was initiated with the addition of L~CSA containing
0.01 ¥Ci of L-[1-YCICSA to each assay tube. The final assay
volume of 8001l contained ImM DTT, 2 mM pyridoxal-5"-
phosphate, 250 mM potassium phosphate (pH 7.1) and 30 mM
L-CSA. “C0s was trapped on KOH saturated filter paper in
center wells suspended from septum stoppers. After incuba~
tion at 37°C in a shaking water bath, the reaction was ter-
rminated with 10% TCA, and *CO» was collected for an addi-
tional hour. Filter papers were combined with 10 ml of scintilla-
tion fluid, and radicactivity was determined by a scintillation
counter. Heat inactivated samples served as assay blanks. Prod-~
uct accurnulation was linear as a function of incubation time
and amount of tissue extract added, Protein concentraiion was

‘measured in liver and kidney supernatants by the Bradford

method (22) using bovine gamma globulin as the standard.

Measurement of CSAD protein content

CSAD was purified >1000-fold from rat Hver following the
method described by Weinstein and Griffith (23). Rabbits were
injected with 200 pg and 100 ug of antigen for the initial and
booster injections, respectively. Blood used to prepare pre-
immune serum was obtained prior to the initial injection. The
presence of antibodies against CSAD was assessed by an
ELISA. Rabhit IgG fractions were isolated from serum by pro-
tein A Sepharcse chromatography. Immune IgG were further
purified by affinity chromatography.

Samples of liver (60 ng) and kidney (30~40 pg) supernatant
protein and incremental amounts of purified CSAD were sub-
jected to SDS-PAGE. The separated proteins were then elec-
troeluted onto mitrocellulose filters. Blots were probed with rab-
bit anti-CSAD IgG diluted in phosphate-buffered satine (pH
74) containing 0.05% Tween—-20. Antigen-antibody complexes
were detected as described by Jerkins and Steele (24) by activity
staining using goat anti-rabbit IgG conjugated o alkaline phos—
phatase and a reactive mixture containing 0.1 M Tris (pH .53,
0.1 M NaCl,  mM MgCls, 1% dimethyiformamide, 0.11 mM 5-
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bromo-4-chloro-3-indolylphosphate and 0.12 mM nitroblue te-
trazolium for color development. Blots were scanned with a
Bio-Rad model 620 videodensitometer (Bio-Rad Laboratories,
USA), and peak areas were integrated using a microcomputer.

Statistical analysis

Values in the tables and figures represent the mean *SEM
of 6 cats. Signifiance of the effect of dietary protein or faurine
on plasma taurine concentration or CSAD activity was tested
by 2 %2 factorial analysis of variance at 1<0.05, p<0.01 or p<
0.001 using the computer program, Statistical Analysis System
(SAS/STAT version 6, SAS Institute Inc. Cary, NC).

RESULTS AND DISCUSSION

Body weight gain

There was no significant difference in average daily food
intake among groups over the experimental period. At the end
of a 5 week period, kittens fed HPOT and HPNT gained 333353
g and 463143 g of body weight, while those fed LPOT and
LPNT lost 29+78 and 7959 g of body weight from their ini-
tial weights, respectively. The low protein diets used in the
present study did not suppoert the growth of kittens. Protein
reqirement for growing Kittens is known to be 18~20% when
the diets exceed all the essential amino acid requirements (25).
Apparently, & diet containing 10% casein plus 10%4 soyprotein
used in the present study does not provide an adequate level
of all the essential amino acids for growth.

Plasma taurine concentrations

Changes In plasma taurine concentration over the experi-
mental period i8 shown in Table 2. For the purpose of pro-
longed taurine depletion, cats fed LPOP and HPOT had been
fed a taurine-free diet for 10 weeks prior to the experiment.
Prefeeding the taurine-free diet for 10 weeks reduced the plas-
ma taurine concentration to less than 2 UM even before starting
the high and low protein experimental diets. At the end of the

Table 2. Plasma taurine concentrations in cats fed LPOT, HPOT,
LENT and HPNT

Weeks
0 1 2 3 4 5
Hmol/L.

LBOT 18 080 122 0.90 078 102"
02 0R +02 X006 £007  +019
HPOT 159 0% 161 1.21 0.87 L2
1014 *015 =019 018 010 +0.16
IPNT 745 142 150 138 151 137
+67  £192 171 ¥42  F183 k45
HPNT 687 701 718 493 53.2 718
+10] =422 +88 =62  +18  +52

Each value represents mean=SEM of § animais.

LPNT, low protein/normal taurine diet; HPNT, high protein/normal
taurine diet; LPOT, low protein/taurine-free diet; HPOT, high protein/
taurine-free diet
“Plasima taurine concentrations on week 5 were significantly affected
by dietary levels of protein and taurine (p<0.001), when analyzed by
2%2 factorial analysis of variance,

5 week feeding pericd, plasma taurine concentration of cats fed
LPOT and HPOT was reduced further to about 1 pM. Taurine
concentrations in the plasma collected on the last week of the
experiment were statistically analyzed by 2X2 factorial anal-
ysis of variance, and the results indicated that piasma taurine
concentrations were significantly influenced by dietary levels
of protein as well as tautine (p<C.001). Cats fed the HPNT had
a plasma taurine concentration 47% lower than the value for
animals fed the LPNT. It has been repeatedly observed in our
laboratory that high protein diets, especially high soybean pro-
tein diets significantly reduced plasma taurine concentration
(26). Further investigations are needed to provide an expla-
nation for this phenomenon.

Aclivily and protein content of CSAD

Activities and protein contents of CSAD in the liver and kid-
ney of cats fed LPOT or HPOT are presented in Fig. 1 and Fig.
2. Hepatic CSAD activity of cats found in the present study
(0.094~0.154 nmol CO, - min ' - mg protein™) is comparable
to the values in adult cat liver (about 0.075 nmol COs * min ™ «
mg protein’) reported previously by Sturman and Hayes (27),
but is much lower than the values reported in rat liver (1.25--
6.09 ol CO; - min”" + mg protein”™, depending on the dietary
level of protein} (16). In parallel with CSAD activity, CSAD pro-
tein contents in cat liver (37~42 ug CSAD protein - g liver ')
were also much lower than those reported In rat liver (310~
1506 g CSAD protein - g liver ') (28). Animals vary in their
ability to synthesize taurine from its precursors cysteine and
methionine, Since the main pathway for taurine biosynthesis is
limited in humans and cats, both species appear to have a
requirement for taurine in the diet. Independent of the CSA-
dependent pathway, cysteine undergoes desulfhydration, a
process that is largely achieved by the direct desulfhydration
which is catalyzed by cysteine desulthydrase (8,15} and the
transamination of cysteine via cysteine aminotransferase in
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Fig. 1. Specific activity of cysteine sulfinic acid decarboxylase in cats
fed LPOT and HPOT. LPOT, low protein/taurine—free diet; HPOT, high
protein/taurine—free diet. “Significantly different from the value for
LPOT within each tissue by Student’s t-test at ‘p<00L,
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Fig. 2. Quantity of cysteine sulfinic acid decarboxylase protein in cats
fed LPUT and HPOT. LPOT, low protein/tautine-free diet: HPOT, high
protein/taurine-free diet. "Significantly different from the value for
LPOT within each tissue by Student’s t-test at ‘p<O.05.

conjunction with the reaction catalyzed by B-mercaptopyruvate
sulfurtransferase (29,30). In both pathways, the end products
are pyruvate and hydrogen sulfide (HeS). Based on our findings
of extremely low activity and protein content of CSAD n cat
tissues, it is suggested that the main cysteine catabolic path—
way resuits in pyruvate via desulthydration pathway in cat
tissues.

Renal CSAD activities were 126% and 258% of hepatic activ-
itles in cats fed LPOT and HPOT, respectively. However, CSAD

protein contents in the Liver were 1.8~ 2.6 times higher than
those in the kidney of cats. These results suggest that, in cats,
renal CSAD has a higher affinity for the substrate than hepatic
CSAD. Within each tissue, CSAD protein content was closely
correlated with CSAD activity (r=0.91, p<0.001). Tissue dis-
tributions of CSAD activity and CSAD protein content appear
to be species-dependent since, in rats, renal CSAD activities
were about 1/10 of hepatic activities (31), and renal CSAD pro-
tein contents were about 1/4~1/20 of hepatic CSAD protein
contents (Z4).

Feeding HPOT for 5 weeks resulted in a significantly higher
renal CSAD activity {34 times) than the value for animals fed
LPOT (p<0.01). Renal CSAD protein contents, which are ex-
pressed per mg supernatant protein and per g 11ssue, were sig—
nificantly higher in cats fed HPOT (1.9 times of the value for
LPOT? than the vaive for animals fed LPOT (p<0.03), Hepatic
activity and protein content of CSAD were alsc 64% and 31~
42% higher, respectively, in cats fed HPOT compared to those
fed LPOT, but a statistical significance was not found most
probably due to large standard variations.

Effects of protein level and presence of taurine in diet on
hepatic and renal CSAD activities are shown in Table 3. He-
patic CSAD activity expressed either per milligram protein or
per g liver was not significantly affected by dietary level of
protein. However, feeding a taurine-free diet for 15 weeks re-
sulted in significantly higher hepatic CSAD activities which
are 34~60 times those of cats fed diets with 0.15% taurine
(p<.001). Apart from the hepatic CSAD activity which did not
respend significantly to the dietary level of protein, CSATD ac-
tivities in the kidney of cats fed 60% protein were ahout 1.6~
3.2 times those of cats fed 209 protein(p<0.001). Renal CSAD
activity was also significantly higher in eats fed HPOT compared
to those fod HPNT (p<0.05 when CSAD activity was expressed
per mg supernatant protein, and p<0.01 when expressed per
g kidney).

We previousty demonstrated that 60% protein diets signif-
icantly elevated the capacity of hepatic cysteine desulfhydration
in cats compared to those fed 209 protein diets (32). Our re-
sults from cats showing high protein diets significantly in-

Table 3. Activities of cysteine sulfinic acid decarboxylase In the liver and Kidney of cats fed different levels of dictary protein and taurine

Diet ANOVA
LPNT HPNT LPOT HPUT A B Axp

Hepatic Activity

UA"/ing protein 0028:£0008 003040014 000440025 01342003 - NS, NS.

UA/g liver 42-+1.2 50x22 166445 209x65 ik NS, NS
TRenal Activity

UA/mg protein Q12520026 Q10520015 Q1ISLH050 (.379L0.05% % ok *

UA/g kidney 122428 194+16 148+31 417247 *i o

Each value is mean®5EM of 6 animals.

LPNT, low protein/normal taurine diet: HPNT, high protein/normal taurine diet; LPOT, low protein/taurine—free diet; HPOT, high protein/

taurine-free diet; A, taurine effect; B, protein effect.
A is defined as nmol CO; produced/min,

= wx wxeSignificantly affected by the dietary modification when analyzed hy 2Xx2 factorial analvsis of variance at »p<0.05, *»p<0.0), and

waoey< (3,001
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creased renal CSAD activity contradict the previous finding
inrats, Rats fed a high~protein (6094 casein) diet for 7~14 days
showed hepatic CSAD activity which were 20~40% of the
activity in liver of rats fed a moderate {18% casein) protein
diet (16,33). Rats also differ from cats in that hepatic or renal
CASD activities were decreased after feeding rats methionine
(31,32) or cysteine (11) supplemented diets. Knopf et al. (34)
reported that hepatic CSAD activity was the same in cats fed
taurine-free diets as in cats fed diets containing 0.4%6 taurine.
Our chservation of 90% ~410% increases in hepatic and renal
CSAD activities in taurine—depleted cats s clearly not in agree—
ment with thelr observation, but supports the findings of Rents—~
chler et al. {17} that hepatic CSAD in taurine-deficient kittens
was five-times the level in control kittens fed a diet with 0.1%
taurine for 6 weeks. The physiological importance of CSAD
regulation by dietary protein and sulfur amine acids is not fully
understood, but may be related to the partitioning of CSA
between suifate- and taurine-synthesizing pathways. Increased
hepatic and renal CSAD activities in cats fed taurine-free diets
appear to be one of the adaptive responses of this species
to conserve body taurine, although the significance of the
increased capacity of taurine biosynthesis to taurine home-
ostasis is not vet known.
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