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Cultured rat cardiomyocytes were treated with 10, 20, and 30 mmol/L glucose and 30 mmol/L glucose plus protein kinase C
(PKC) inhibitor, Chelerythrine. In the 20 and 30 mmol/L glucose-treated cells, taurine contents reduced by 15% and 27% (P <
.05), respectively, taurine transporter (TAUT) mRNA levels reduced by 47% and 64% (P < .05), respectively, and cysteine
sulfinate decarboxylase (CSD) mRNA reduced slightly, but not significantly. Time-dependent taurine uptakes reduced in the
10, 20, and 30 mmol/L glucose-treated cells, and time-dependent taurine release reduced in the 30 mmol/L glucose-treated
cells. The V,,,,, of taurine transport decreased by 18%, 30%, and 35% (P < .05) in the 10, 20, and 30 mmol/L glucose-treated
cells, respectively, while K,,, of taurine transport remained unchanged. When PKC inhibitor, Chelerythrine, combined with 30
mmol/L glucose was treated with the cells, the lowered taurine content, taurine uptake, taurine release, and V,,,,, of taurine
transport caused by 30 mmol/L glucose were eliminated. These results demonstrate that high glucose considerably and
specifically decreases intracellular taurine content, taurine transport activity, and TAUT mRNA, possibly through PKC-

mediated transcriptional and posttranslational pathways.
© 2003 Elsevier Inc. All rights reserved.

AURINE (2-aminoethane sulfonic acid) is the most abun-
dant free amino acid in excitable tissues. Intracellular
taurine depletion induced by hyperglycemia has been demon-
strated in tissues vulnerable to diabetic impairment, such as
nerve, lens and mesangial cells.*2 Myocardial taurineis related
to functioning of the heart. Intracellular taurine depletion in the
diabetic heart may result in chronic dysfunction of the heart.
Physiologically, high intracellular taurine is maintained by the
combination of membrane taurine transporter (TAUT) activity
and endogenous synthesis. Synthesis of taurine is, however,
low in humans, and in most tissues, intracellular taurine is
actively concentrated from the extracellular space by the uni-
directional and Na*-dependent TAUT.34 Cysteine dioxygen-
ase and cysteine sulfinate decarboxylase (CSD) are involved in
the biosynthesis pathways, and CSD is thought to be the
rate-limiting step in taurine biosynthesis.5¢ The effect of hy-
perglycemia on taurine transport and TAUT gene expression is
unknown. To elucidate the possible dysfunction of taurine
transport in the diabetic heart, we studied the effect of high
glucose concentration on taurine transport and TAUT gene
expression in cultured rat cardiomyocytes.

MATERIALS AND METHODS
Materials

3H-taurine (925 GBg/mmol) was purchased from NEN (Boston,
MA). Mastoparan and taurine were from Sigma (St Louis, MO).
Sequences of polymerase chain reaction (PCR) primers are: Tat-S
5'-CAACTTCACTTCGCCTGTGA-3'" and Tat-A 5'-CTTGCTCTT-
GTGCCATGAAG-3' used for the quantitation of TAUT mRNA;
CSD-S 5'-TGATCCCTGAGGATCTGGAG-3" and CSD-A 5'-ACT-
CAAATCCTTCCCGCTTT-3' used for the quantitation of CSD
mRNA; B-actin-S 5'-ATCTGGCACCACACCTTC-3' and B-actin-A
5'-AGCCAGGTCCAGACGCA-3' used for sample loading calibra-
tion.

Primary Cardiomyocyte Culture and Treatment

Wistar rats were supplied by the Experimental Animal Center at
Peking University Healthy Science Center (Clean grade, Certificate No
99-001). Primary culture of ventricular cardiomyocytes was prepared
from neonatal rat as previously described,” with some modifications.
Briefly, the ventricle was removed and digested with 0.025% trypsin-
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EDTA in phosphate-buffered saline (PBS). The isolated cells were
washed with Dulbecco’s modified Eagle’s medium (DMEM) contain-
ing 10% fetal bovine serum (FBS) and preplated twice for 2 hours each.
During the preplating procedures, nonmyocytes (mainly fibroblasts)
attached readily to the bottom of the culture dish. This was followed by
centrifugation at 500 X g for 5 minutes. The centrifuged cellswere then
resuspended in DMEM supplemented with 10% FBS and plated on
culture plates at a density of 1.0 X 10° cell$mL in DMEM with 10%
bovine calf serum and 10 umol/L cytosine arabinoside for the first 24
hours. Cells were then cultured in a serum-free medium with 100
wmol/L bromodeoxyuridine for 24 hours. Using this method, we usu-
ally obtained myocyte-rich culture with > 90% myocytes as assessed
by microscopic observation.

The cells were incubated on 6-well platesin DMEM containing 10%
FBS, grew to near confluent, and then starved in serum-free DMEM for
24 hours. The medium was removed and replaced with standard incu-
bation buffer (mmol/L: KCI 3, NaCl 125, KH,PO, 12, MgSO, 1.2,
CaCl, 1.3, NaHCO; 5, HEPES 20, pH 7.4, and 0.2% bovine serum
abumin [BSA]). The following reagents were added: standard incuba-
tion buffer (control group); 10, 20, and 30 mmol/L glucose (glucose
groups); 5 wmol/L protein kinase C (PKC) inhibitor, Chelerythrine
(Chelerythrine group); 30 mmol/L glucose plus 5 umol/L Cheleryth-
rine (glu + Chelerythrine group); and 30 mmol/L mannitol (mannitol
group). The cells were incubated in 95% air and 5% CO, at 37°C for
4 hours, then used for the following experiments.

Cell Viability Assay

After the incubation period, the incubation buffer was removed,
replaced with 2.5% trypan blue in PBS, and incubated for 10 minutes
at 37°C.2 The number of dead cells was then determined at X 200
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magnification by counting those cells that failed to exclude the dye in
3 representative fields for each well. The experiment was performed in
triplicate and was repeated a minimum of 2 times for each group.

Measurement of Cell Taurine Content

Taurine was measured by reversed-phase high-performance liquid
chromatography (HPLC) after precolumn derivatization with o-phtha-
laldehyde.® Briefly, the treated cells were sonicated in 1 mL 6%
trichloroacetic acid and centrifuged at 4,000 X g for 10 minutes. The
supernatant was purified in a dual-bed ion-exchange column (2.5 cm of
AG 1-X8 100 to 200 mesh in the chloride form over 2.5 cm of AG
50W-X8 200/400 mesh in the hydrogen form), eluted with 2 mL water,
and then lyophilized. Sample or standard was dissolved in 100 uL
water before HPLC analysis on a Waters system (Waters, Milford,
MA) equipped with a 3.9 X 150 mm Nova-Pak C,5 column and a
model 470 scanning fluorescence detector. Isocratic elution was per-
formed at a flow rate of 2 mL/min using 43% solvent A (0.05 mol/L
NaH,PO,, pH 5.3, plus 5 mol/L NaOH) mixed with 57% solvent B
(0.05 mol/L NaH,PO, in 75% methanol-water). Glutamine, added after
ion exchange chromatography, was used as the internal standard.
Standard curve of taurine content in the sample concentration range
was linear, and recovery of taurine was > 90%. The value of taurine
was expressed as nanomoles per milligram protein. Cell protein was
measured with the Bradford method using bovine serum albumin asthe
standard.10

Measurement of Taurine Uptake in Cultured Cells

For taurine uptake assay, culture medium was removed and the
treated cells were rinsed 3 times with 2-mL aliquots of taurine uptake
buffer (mmol/L: HEPES 20, NaCl 140, KCl 5.4, CaCl,, 1.0, MgSO, 0.8,
and glucose 5) at 37°C and equilibrated in 2 mL taurine uptake buffer
at 37°C.1112 Uptake was initiated by adding uptake buffer containing
3H taurine (100 wmol/L and 18.5 kBg/well). *H-taurine uptake was
performed at 37°C with gentle shaking for 1, 5, 10, and 20 minutes in
an atmosphere of 95% O, and 5% CO,. The radioactive buffer was
aspirated, cells were washed with ice-cold turine uptake buffer, ex-
tracted at room temperature in 1 mL 0.1 mol/L NaOH, sonicated, and
measured by liquid scintillation counter (Beckman LS 3800). Nonspe-
cific uptake was measured by adding 10 mmol/L unlabeled taurine into
uptake buffer containing 100 wmol/L *H-taurine. Specific uptake value
was obtained by subtracting the nonspecific uptake value from it.
Taurine uptake was expressed as picomoles per milligram protein per
minute.

The experiment condition of taurine concentration-dependent uptake
assay was the same as that of taurine time uptake assay, except taurine
uptake buffer contained 0.5 to 100 wmol/L *H-taurine and the incuba-
tion lasted for 5 minutes.

Taurine Release Assay

The treated cells were washed twice with incubation buffer at 37°C
and incubated in 2 mL incubation buffer containing 74 kBg/well *H
taurine together with 0.1 mmol/L unlabeled taurine for 10 minutes.13.14
Subsequently, cells were washed twice with 2 mL incubation buffer at
37°C to remove free *H-taurine. A total of 2 mL sodium-free incuba-
tion buffer (TrissHCl 20 mmol/L, pH 7.4) was added. An aiquote of
incubation buffer (0.25 mL) was removed after 1, 5, 10, and 20
minutes. Radioactivity in the buffer was counted. After that, the cells
were taken for °H radioactive assay. Taurine release assay was ex-
pressed as released taurine/total uptake taurine X 100%.

Determination of PKC Activity

The treated cells were harvested by scraping into 0.5 mL ice-cold
extraction buffer (50 mmol/L HEPES pH 7.4, 150 mmol/L NaCl, 20
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mmol/L EGTA, 1.0 mmol/L dithiothreitol, 0.2 mmol/L phenylmethyl-
sufonyl fluoride, 10% ethylene glycerol, 10 wg/mL leupeptin, 10
pag/mL pepstatin A, 5 ug/mL aprotinin A, 10 nmol/L caliculyn A, and
1% Triton X-100), rotated for 15 minutes at 4°C, and centrifuged at
100,000 X g for 1 hour. The supernatant was used for the assay. PKC
activity assay was performed according to the method described by
Hashimoto and Soderling,’> with some modifications. Briefly, a
100-uL reaction mixture (50 mmol/L HEPES pH 7.5, 10 mmol/L
MgCl,, 1.0 mmol/L CaCl,, 3 umol/L mastoparan, 35 ng/mL phospha
tidylserine, 14 pg/mL 1, 2-diolein, 30 wmol/L PKI-tide, 20 wmol/L
syntide-2, 37 kBg/well y-*P-adenosine triphosphate [ATP]) was pre-
incubated at 30°C for 2 minutes, the reaction was initiated by adding
the supernatant containing 20 wg protein, and the incubation was
continued for 10 minutes. For determination of protein phosphoryla-
tion, 50 uL of the incubated mixture was spotted onto Whatman P81
paper. The dried paper was rinsed with washing-buffer (30% acetic
acid, 1% phosphoric acid) twice and once in 95% ethanol, then counted
on a scintillation counter. One unit of PKC activity is the phosphory-
lation of 1 picomole of syntide-2 per milligram of protein per minute
under the defined assay conditions.

Measurement of TAUT and CSD mRNA by Competitive
Reverse Transcriptase-PCR

We used quantitative reverse transcriptase (RT)-PCR by adding an
internal competitive standard into the PCR system to eliminate the
errors from variations of exponential amplification and the plateau
effect inherited in PCR and to obtain a relatively accurate and repro-
ducible result.2¢ PCR was performed using primers Tat-S and Tat-A
and a cDNA template transcribed from rat heart total RNA. This
yielded a 500-bp fragment of wild-type TAUT cDNA. The interna
competitive standard for the measurement of TAUT cDNA was made
by PCR method, which had the same sequence and the same primer
annealing sites as the 500-bp fragment, except a fragment of 95 bp at
the downstream site of Tat-S primer was deleted.r”

Total RNA was extracted using Trizol (GIBCO, Rockville, MD). A
total of 2 ug myocardial total RNA was reverse-transcribed into single
strand cDNA using M-MuLV reverse transcriptase and oligo(dT),s
primer. Quantitative PCR was performed in a 0.2 mL tube containing
heart cDNA 2 pL, 0.182 fmol/L internal competitive standard 1 uL, 5
wmol/L/each Tat-S and Tat-A mixture 1 uL, 2.5 mmol/L/each dNTP
mixture 1 L, 1.5 mmol/L MgCl,, 10X PCR buffer 2.5 uL, and 1.25
U Tag DNA polymerase, in a total volume of 25 uL. PCR was run at
94°C for 30 seconds, 60°C for 30 seconds, and 72°C for 40 seconds for
40 cycles. The PCR product was separated in a 1.5% agarose gel and
stained by ethidium bromide. Theratio of optical density of the 2 DNA
bands was measured under ultraviolet (UV) light. A standard curve of
the ratio was drawn using the same conditions as described above,
except that heart cDNA was changed to a series dilution of the plasmid
containing the 500 bp DNA fragment.28 The amount of TAUT mRNA
in sample was then obtained from the standard curve. Amplification of
TAUT cDNA was confirmed by the digestion of the PCR product with
restriction enzyme Acc |, which cuts the cDNA into 171 bp and 329 bp.
To calibrate the sample loaded in PCR mixture, B-actin cDNA was
measured after the quantitative PCR. A total of 2 uL PCR product was
reamplified using the 2 rat B-actin primers at 94°C for 30 seconds,
55°C for 30 seconds, 72°C for 30 seconds for 20 cycles, and the optical
density of the B-actin band (291 bp) was measured. The relative
amount of B-actin cDNA in the loaded sample was obtained from a
premade standard curve of B-actin cDNA measurement. The calibrated
amount of TAUT mRNA was used for further analysis.

For CSD mRNA determination, a fragment of 552 bp wild-type rat
CSD cDNA and an internal competitive standard of 447 bp were
obtained using similar procedures as described above. PCR was run at
94°C for 40 seconds, 55°C for 30 seconds, and 72°C for 40 seconds for
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Table 1. Taurine Content, PKC Activity, V,,,,,. and K,,, of *H-Taurine Transport in Cultured Rat Myocardial Cells

Cellular Taurine

Cellular PKC

Vimax Of H-Taurine Transport K, of ®H-Taurine

Group (nmol/mg pr) (pmol/mg pr/mins) (pmol/mg pr) Transport (umol L)
Control 250 *= 26 64.2 + 4.8 36.7 £ 3.1 5.2+ 0.6
Chelerythrine 238 = 25 38.1 = 4.0%8 37.0 £4.0 53+ 05
10 mmol/L glucose 231 £ 22 70.2 £ 5.2 30.1 = 2.9*% 5.5 = 0.5%
20 mmol/L glucose 212 = 20* 88.6 = 6.8*% 25.8 = 2.8* 6.1 = 0.5%
30 mmol/L glucose 182 = 12* 96.4 + 8.2* 23.8 = 2.0* 5.5 + 0.5%
Glus, + chelerythrine 230 = 18t 46.2 = 5.08 38.8 = 3.01 6.1 = 0.58
Mannitol 262 *= 22 58.7 + 5.4 36.4 £ 3.2 53*+05

NOTE. Data are shown as mean = SEM.
*P < .05 v control group.

TP < .05 v 30 mmol/L glucose group.
P < .01 v control group.

§P < .01 v 30 mmol/L glucose group.

30 cycles. Amplification of CSD cDNA was comfirmed by digestion
with the restriction enzyme BamHI, which cuts the cDNA into 332 bp
and 220 bp.

Satistical Analysis

Data were expressed as mean = SEM from at least 6 independent
experiments. Apparent V. and K, were determined by nonlinear
regression fit to Michaelis-Menten equation using the nonlinear regres-
sion program (GraphPad Prism software). Differences among experi-
mental groups were detected by analysis of variance, and the differ-
ences between groups were assessed by the Student-Newman-Keuls
test. Significance was defined below the .05 level.

RESULTS
Cell Viability

Cdll viability was unaffected by the treatment of different
reagents. Cell viability of the 7 groups was from 97% *+ 1.2%
to 99% = 2.0%. No statistical significance was found among
the groups (P > .05).

Taurine Content

Taurine contents were decreased by 15% and 27% (P < .05)
in the 20 and 30 mmol/L glucose groups as compared with that
in the control group. The decreased taurine content of the 30
mmol/L glucose group was completely eliminated by the ad-
dition of PKC inhibitor, Chelerythrine, as shown in taurine
change of the Glug, + chelerythrine group. Taurine content
was not affected by the treatment of 30 mmol/L mannitol or 3
umol/L chelerythrine (Table 1).

Time-Dependent Taurine Uptake and Release and TAUT
Kinetic Characterization

*H-taurine time uptake and release.  Taurine uptakes in the
7 groups increased with incubation time and were saturated
after 5 minutes. Taurine uptake waslow in 10, 20 (P < .05) and
30 (P < .05) mmol/L glucose groups. Taurine release was
abnorma only in the 30 mmol/L glucose group, in which
taurine release was decreased by 27%, 20%, 20%, and 18% at
1, 5, 10, and 20 minutes, respectively, as compared with that of
the controls (P < .05). Taurine uptake and release were unaf-
fected by the treatment of 30 mmol/L mannitol or PKC inhib-
itor (Fig 1).
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Fig 1. (A) Time-dependent taurine uptake (at taurine 100 umol/L)
and (B) release; n = 6; mean = SEM. *P < .05 v control group. Control
(O), chelerythrine (m), 10 mmol/L glucose (¥), 20 mmol/L glucose (#),
30 mmol/L glucose (®), Glus, + chelerythrine (CJ), and mannitol (A).
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Fig 2. (A) Taurine uptake at 6 substrate concentrations (0.5, 1.0,
5.0, 10, 50, and 100 umol/L) and (B) Eadie-Hofstee plot of the data;
n = 6, mean =SEM. *P < .05 v control group. Control (O), cheleryth-
rine (m), 10 mmol/L glucose (¥), 20 mmol/L glucose (¢), 30 mmol/L
glucose (@), Glu + chelerythrine ((J), and mannitol (A).

Kinetic characterization. The K,,, of Na*-dependent tau-
rine uptake was 5.2 = 0.6 umol/L, and V.., was 36.7 = 3.14
pmol - mg pro* « minute™ in the control group (Table 1 and Fig
2). Exposure of cellsto 10, 20, and 30 mmol/L glucose resulted
in the decrease of dose-dependent taurine uptakes (Fig 2A).
However, there was no change in the 30 mmol/L mannitol
group. Kinetic characterization of TAUT in the 7 groups is
shown in Fig 2B. Exposure to 10, 20, and 30 mmol/L glucose
did not affect the TAUT K, but the V. was significantly
decreased by 18%, 30%, and 35% (P < .05), respectively, as
compared with those of the control group (Table 1). These data
indicate that high glucose-induced intracellular taurine deple-
tion results, at least partly, from dysfunction of TAUT as
manifested by the reduction of TAUT V.

TAUT and CSD mRNA

In the 20 and 30 mmol/L glucose groups, myocardial TAUT
mRNA was significantly reduced by 47% and 64%, respec-
tively, as compared with that of the control group (P < .05)
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(Fig 3). CSD mRNA was decreased, but not significantly (P >
.05), by 19% and 17%, respectively (Fig 4).

Glucose-Sensitive Signal Transduction Pathway on TAUT
Activity

To evaluate the regulation of TAUT by PKC, taurine uptake
and release were measured in cardiomyocytes treated with the
PKC inhibitor, Chelerythrine. PKC inhibitor, Chelerythrine (5
pumol/L, 4 hours) used in incubation with the 30 mmol/L
glucose treatment changed the lowered taurine uptake and
release induced by 30 mmol/L glucose to nearly norma (P <
.05) (Figs 1A and B and 2A). In the 30 mmol/L glucose +
chelerythrine group, V .., Of taurine transport was increased by
63% (P < .01) as compared with that of the 30 mmol/L glucose
group (Table 1). These data support the hypothesis that TAUT
activity is regulated through PKC pathway and activation of
PKC inhibits TAUT activity.

DISCUSSION

Diabetes mellitus is characterized by hyperglycemia result-
ing from defects in insulin secretion, insulin function, or both.
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Fig 3. (A) An example of a quantitative RT-PCR experiment. PCR
products of TAUT cDNA were separated in a 1.5% agarose gel. Lane
1, standard of DNA molecular weight; lane 2, a control; lane 3, a 20-
mmol/L glucose sample; lane 4, a 30-mmol/L glucose sample. (B)
Measurement of myocardial TAUT cDNA by quantitative RT-PCR
from 4 independent experiments. Mean = SEM. *P < .05 v control
group.
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Fig 4. (A) An example of a quantitative RT-PCR experiment. PCR
products of CSD cDNA were separated in a 1.5% agarose gel. Lane 1,
standand of DNA molecular weight; lane 2, a control; lane 3, a 20-
mmol/L glucose sample; lane 4, a 30-mmol/L glucose sample. (B)
Measurement of myocardial CSD mRNA by quantitative RT-PCR from
4 independent experiments. Mean + SEM.

Many of the complications in diabetes mellitus, such as renal
failure, cardiomyopathy, vascular damage, and retinal degen-
eration have been attributed to chronic hyperglycemia.® Car-
diovascular diseases represent the most common and devastat-
ing complications in diabetes mellitus. About 20% of diabetic
patients died of myocardial infarction.2021 Taurine is the most
abundant free amino acid in excitabl e tissues, such as nerve and
muscle.2223 Taurine content is highest in the heart (~40 mmol/
L). The physiologic role of taurine may therefore be more
important in the heart than in other tissues. Taurine is thought
to modulate ion movement across sarcolemma, especially Na*
ion, providing protection against abrupt ion imbalance that may
otherwise lead to cell damage. It has also been reported that
taurine modulates protein phosphorylation and Ca®* move-
ment in the heart.2425 | ntracellular taurine is accumulated via 2
mechanisms, transport from extracellular space and biosynthe-
sis within the cell. The high intra- and extracellular taurine
gradient is maintained by TAUT.26 Endogenous taurine is
synthesized from its amino acid precursor, methionine and
cysteine. CSD is considered as the rate-limiting enzyme in the
biosynthesis of taurine. CSD may thus represent a key enzyme
in the biological effects induced by taurine.2” Animals, such as
humans, cats, and certain monkeys are unable to synthesize
sufficient taurine, and must rely on dietary source to maintain
their requirement. The kidney is the most important organ in
the metabolic balance of taurine. Taurine transport at the brush
border membrane of renal proximal tubules is regulated by
circulating taurine and maintains the taurine body pool by rena
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reabsorption. Many functions of taurine, such as membrane
stabilization, detoxification, antioxidation, osmoregulation, cal-
cium modulation, and acting as an inhibitory neurotransmitter
or aneuromodulator, have been proposed.28 In diabetes, taurine
may inhibit the pathologic protein phosphorylation and oxida-
tive damage, and intracellular taurine deficiency may result in
degeneration of the cells. Transport of taurine across cell mem-
brane is a critical step to play its physiologic roles. For exam-
ple, the biophysical and biochemical properties of taurine make
it an excellent factor for osmoregulation.

Our results demonstrate that high glucose rapidly and spe-
cifically causes depletion of intracellular taurine. We further
studied the mechanism by which high glucose interferes with
intracellular taurine accumulation in cultured rat cardiomyo-
cytes. In the cultured cells, high glucose lowered the intracel-
lular taurine content, which may be secondary to the high
glucose-induced impairment of taurine uptake and release.
Changes of TAUT mRNA were paralléel to those of H-taurine
release and uptake. High glucose decreased the V., Of taurine
transport. High glucose may also cause hyperosmolarity.
Therefore, we used 30 mmol/L mannitol, a metabolically dull
carbohydrate, to treat cultured cells to evauate the potential
effect of hyperosmolarity on intracellular taurine content and
TAUT activity. Results of the 30 mmol/L mannitol group
indicate that osmolarity change itself has no effect on intracel-
lular taurine content and TAUT activity (Fig 1 and 2). Taurine
aso functions as an osmoregulator. Extracellular hyerosmolar-
ity, such as 30 mmol/L mannitol, should induce the increase of
intracellular taurine. However, mannitol in this study had no
effect on taurine content and TAUT and PKC activities. As a
contract organ, taurine transport in the heart may be relatively
insensitive to extracelluar osmolarity. In this aspect, the func-
tion of heart TAUT may be different from that of TAUT in the
brain and kidney. These results suggest that high glucose
causes the downregulation of the TAUT gene and the decrease
of TAUT activity, thusthe insufficiency of intracellular taurine.
In other words, high glucose may disrupt taurine transport
across the cardiac cell membrane. Our results from cell culture
model may be helpful for further understanding of diabetic
heart diseases.

Kinetic characterization of TAUT in this study confirms the
existence of a high-affinity taurine transport system in cultured
rat cardiomyocytes as reported by others in intact baboon
retinal pigment epithelial cells and cultured human retina
pigment epithelial cells.®2° In this study, high glucose treat-
ment caused the lowering of V., of taurine transport without
change of K,,, indicating the change of quantity rather than
quality of TAUT on cell membrane. Theoretically, there may
be 2 pathways through which high glucose affects TAUT
activity: transcriptional and posttrandlational. Many factors
may be involved in the 2 pathways. In this study, we used the
PKC inhibitor, Chelerythrine, to further study the mechanism
by which high glucose influences taurine metabolism in cardiac
cells. We found that the PKC inhibitor completely eliminated
the changes of taurine uptake and release and the depletion of
intracellular taurine induced by the 30 mmol/L glucose treat-
ment. PKC inhibitor also reversed the change of V,, of
taurine transport. Consequently, PKC may play a key role in
the high glucose-induced derangement of taurine metabolism.
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Presumably, high glucose stimulates the PKC activity and
inhibits the transcription of TAUT through PKC phosphoryla-
tion of its transcription factors. PKC may also disturb taurine
metabolism through phosphorylation of other proteins, such as
signal transduction proteins or even TAUT itself. More exper-
iments are needed to understand PKC in the pathogenesis of
high glucose-induced impairment.

TAUT belongs to the gene family of Na*- and/or Cl~-
dependent neurotransmitter transporters. Rat TAUT mRNA
encodes a protein of 621 amino acids exhibiting 12 putative
transmembrane segments and multiple potential PKC and pro-
tein kinase A (PKA) phosphorylation sites. Changes in signal
transduction pathways potentially affect the overall effect of
TAUT activity. TAUT activity isregulated by PKC, PKA, and
Ca?*/calmodulin-dependent protein kinases (CaMK). PKC ac-
tivation has been reported to inhibit TAUT activity.3° Our
results also confirm this observation. A critical site for phos-
phorylation by PKC was found in TAUT located at serine-322
in the fourth intracellular domain.3t Phosphorylation of this site
inhibits TAUT activity. Therole of PKA in mediating the effect
is unclear, as both PKA activation and inhibition decrease
TAUT activity. The paradoxical effect of PKA on TAUT
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activity may reflect multiple and functionally variable PKA-
mediated phosphorylation sites on TAUT protein.

CSD belongs to a family of pyridoxal 5'-phosphate (PLP)-
dependent enzymes and is a rate-limiting enzyme in the bio-
synthesis of taurine. CSD mRNA encodes a 55.2-kd protein of
493 amino acids.32 Our results shows that high glucose may
also induce, but to a lesser degree, the downregulation of CSD
gene expression. However, it seems unlikely that the decrease
of intracellular taurine synthesis significantly contributes to the
depletion of intracellular taurine.

In conclusion, our study demonstrates that high glucose
significantly and specifically decreases intracellular taurine
content, TAUT activity, and mRNA, possibly through PKC-
mediated transcriptional and posttrandational pathways. Tau-
rine is an ample substance in the body, and it should have no
toxicity, drug dependence, or tolerance with a very wide range
of safety when used clinically. Therefore, further studies should
be performed on its clinica applications as a reagent. These
findings of the dysfunction of taurine transport may contribute
to understanding the mechanism of the diabetic heart impair-
ment and finding new strategies for the prevention and therapy
of heart complications in diabetes.
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