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Cardiac conduction defects were found in transgenic mice deficient in urea transporter UT-B. To
investigate the molecular mechanisms of the conduction defects caused by UT-B deletion, we
studied the protein expression profiles of heart tissue (comprising most conduction system) in
wild-type versus UT-B null mice at different ages. By two-dimensional electrophoresis-based
comparative analysis, we found that more than dozen proteins were modulated (.two-fold) in
the myocardium of UT-B null mice. Out of these modulated proteins, troponin T (TNNT2) pre-
sented significant changes in UT-B null mice at early stage prior to the development of P-R
interval elongation, while the change of atrial natriuretic peptide (ANP) occurred only at late
stage in UT-B null mice that had the AV block. These data indicate that UT-B deletion caused the
dynamic expression regulation of TNNT2 and ANP, and these proteins may provide new clues to
investigate the molecular events involved in cardiac conduction.
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1 Introduction

Cardiac conduction disease is a serious disorder of the heart.
In the last decade the genes responsible for several inherited
cardiac conduction diseases have been identified. If cardiac
conduction disease is of an inherited nature, its underlying
mechanisms can be either structural, functional, or overlap
of these two mechanisms. Mutations in NK2 transcription

factor related, locus 5 (NKX2-5), protein kinase, AMP-acti-
vated, g 2 noncatalytic subunit (PRKAG2), Lamin A/C
(LMNA), and sodium channel, voltage-gated, type V, a
(SCN5A) were found being involved in the first mechanism.
Mutations in SCN5A, gap junction protein, fatty acid oxida-
tion disorders, PRKAG2, and LMNA were found being
involved in the second mechanism [1–9].

Urea transporters (UT) are a family of small integral
membrane proteins that are specifically permeable to urea.
The urea transporters cloned to date belong to two related
subfamilies, the renal tubular-type UT-A and the erythrocyte-
vascular type UT-B. UT-B is expressed in vasa recta descend-
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ing through the outer and inner renal medulla [10], as well as
in erythrocytes, testis, brain, bone marrow, thymus, liver,
heart, lung, colon, urinary pelvic epithelium, urinary blad-
der, and spleen [11]. Humans carrying UT-B mutations
(blood group Jk-/-) have been identified lacking functional
UT-B that manifest significantly reduced RBC urea perme-
ability and a mild urinary concentrating defect [12–14]. UT-B
deletion in mice caused severe urine concentrating defi-
ciency [15, 16] and early mature in male reproductive system
[17]. Our previous study found that UT-B null mice had car-
diac conduction defects at ages older than 16 wk by Surface
electrocardiogram (ECG) recording. The data showed that
the P-R interval was significantly delayed in UT-B null mice
at 16 wk old and the second degree AV block appeared in the
UT-B null mice at 52 wk old [18]. The molecular mechanism
in which UT-B deletion causes cardiac conduction block in
UT-B null mice was not clear.

The objective of this investigation was to explore the
proteins that are involved in cardiac conduction block pro-
moted by UT-B deletion. We studied the dynamic changes in
protein expression in the UT-B null mouse hearts with the
first degree AV block and the second degree AV block using
two-dimensional electrophoresis/mass spectra (2-DE/MS)
approaches. The protein expression profiles of the myo-
cardium in UT-B null mice were analyzed in comparison
with that in age-matched wild-type mice. It was found that
trponin (TNNT2) and atrial natriuretic peptide (ANP) were
significantly regulated in the UT-B null hearts with cardiac
conduction block. The results revealed that these proteins
might be involved in the progress of cardiac conduction
defect.

2 Materials and methods

2.1 Animals and treatment

UT-B null mice were generated as prescribed previously [18].
Wild-type mice from the same litter were used as control. All
mice were treated following the protocol that was approved
by the local ethics committee of Basic Medical Sciences of
Jilin University. The mice were divided into four groups
including wild-type and UT-B null mice at 16 and 52 wk old,
respectively. There were five mice in each group. The mice
were housed in a standard experimental animal laboratory
with 12:12 h light-dark schedule and room temperature at
227C, with free access to food and water.

2.2 Tissue preparation and examination

At 16 or 52 wk of age, the mice were anesthetized with an
intraperitoneal injection of 5% chloral hydrate (1 mL/100 g
body weight). The hearts were harvested following thor-
acotomy and washed with perfusion buffer (10 mM Tris-
HCl, 250 mM sucrose, pH 7.0, at 4 7C).

2.3 2-DE

The wall of left ventricle was pulverized and mixed with
1.5 mL of 10% TCA in cold (2207C) acetone containing
20 mM DTT. The samples were kept at 2207C overnight to
allow complete precipitation. The samples were cen-
trifuged for 30 min at 15 0006g, washed twice with 1.5 mL
acetone containing 20 mM DTT. Then the pellet was ho-
mogenized in 10 volumes of lysis buffer containing 7 M
urea, 2 M thiourea, 4% w/v CHAPS, 40 mM Tris (base),
and 1% v/v protease inhibitor cocktail (Sigma–Aldrich,
MO, USA), followed by centrifuging at 40 0006g for
60 min at 47C. The protein concentration in suspension
was determined using the BioRad AC DC protein assay kit
(BioRad, Hercules, CA, USA). The samples were separated
by 2-DE. The 17 cm IPG strips with a nonlinear range of
pH 3–10 (BioRad, pH ranges used for IEF separation of
proteins) were rehydrated for 12 h with 300 mL of solution
containing 8 M urea, 2% w/v CHAPS, 20 mM DTT, 0.2%
v/v Bio-lyte 3–10, 0.002% bromophenol blue and 100 mg
protein. Electrofocusing was carried out for 60 kV?h at
207C following the manufactory’s instruction (BioRad).
Prior to the second dimension, the IPG strips were equili-
brated for 30 min with 50 mM Tris-HCl, pH 8.8, 6 M urea,
30% glycerol, 2% SDS, reduced with 1% of DTT, and al-
kylated with 5% iodoacetamide. The electrophoresed strips
were then sealed on the top of the second-dimensional gels
(12% SDS-polyacrylamide gel) with 0.5% agarose. The ver-
tical second-dimensional electrophoresis was performed at
constant current for 30 min at 16 mAper gel, and then at
24 mA per gel until the dye front reached the gel bottom.
The separated proteins were visualized by silver staining.
The silver staining procedure was a modification of a
method described previously [19]. Proteins were fixed in
the gel using 40% methanol and 10% acetic acid for
60 min. Then the gels were incubated in the sensitizing
solution (30% v/v methanol, 1.25% w/v sodium thio-
sulfate, and 0.5 M sodium acetate). Silver nitrate staining
solution (0.25% w/v silver nitrate) and the developer (2.5%
w/v sodium carbonate and 0.04% v/v formaldehyde) were
used to visualize the proteins. Staining was stopped with
stop solution (1.46% w/v EDTA) when gel background
turned yellowish-brown. Experiments above were repeated
five times for each animal. The images of the stained gels
were acquired with an image scanner (GS-800 calibrated
densitometry, BioRad), and analyzed with PDQuest 7.2.0
2D image analysis software (BioRad). The densities of the
spots were determined after normalization based on the
total spot volumes on the gel. The protein spots from dif-
ferent gels were matched. The match rate for protein spots
from three samples in the same group was 84%, indicating
a good reproducibility in our test system. The protein spots
with significant changes in densities (paired t-test, p,0.05)
in a consistent direction (increase or decrease) were con-
sidered to be different, and selected for further identifica-
tion.
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2.4 Tryptic digestion and peptide extraction

After washing three times with Milli-Q water, the selected
protein spots were transferred into the ZipPlate micro-SPE
Plate wells (Millipore, Billerica, USA). The proteins were
digested following the manufacturer’s instruction (Milli-
pore). Briefly, the selected gel pieces were incubated in the
silver destaining solution containing 30 mM potassium fer-
ricyanide and 100 mM sodium thiosulfate (1:1) for 20 min at
room temperature in dark. After washing twice with Milli-Q
water, the gel pieces were washed successively by 25 mM
ammonium bicarbonate/5% ACN, twice by 25 mM ammo-
nium bicarbonate/50% ACN and 100% ACN. Then the pro-
teins were digested overnight with 10 mL of 10 ng/mL se-
quencing grade modified porcine trypsin (Promega, Madi-
son, WI, USA) in 25 mM ammonium bicarbonate at 377C.
The peptide fragments were extracted with 0.2% TFA for
30 min, and bound onto C18 resin, and then eluted with
0.2% TFA. Finally, the peptide mixtures were recovered by a
20 mL elution solution containing 50% ACN/0.1% TFA [20].

2.5 Mass spectrometry

The tryptic peptides were then lyophilized and suspended in
2 mL matrix solution containing 10 mg/mL CHCA in 50%
ACN and 0.1% TFA. An aliquot of 0.7 mL sample was spotted
onto the MALDI sample target plate. The peptide mass
spectra were obtained with a MALDI-TOF/TOF mass spec-
trometer (4700 Proteomics Analyzer, Applied Biosystems,
Foster City, CA, USA). Prior to real sample acquisition, six
calibrated spots were used for signal and parameter optimi-
zation. The PMF was obtained in the mass range between
800 and 4000 Da with ca. 3000 laser shots. To obtain the
spectra with the mass accuracy less than 25 ppm, trypsin
autolysis peaks were used for the internal calibration. Up to
five most intense peaks, excluding those from the matrix, the
background peaks, trypsin autolysis, acrylamide, or keratin
peaks, were selected for subsequent MS/MS data acquisition.
The collision gas pressure was adjusted to 561027 Torr for
MS/MS spectra acquisition.

2.6 Protein identification using database search

algorithm

The proteins of interest were analyzed and identified by
searching the Swiss-Prot protein database using the MAS-
COT search engine (Matrix Science) that was integrated into
the Global Protein Server Workstation. For searching in the
Rattus database and the Mus Musculus database, the mass
tolerance (the most important parameter) was limited to
50 ppm. A maximum of one missed cleavages were allowed,
and carbamidomethyl as well as oxidation of methionine
were included. The results from both the MS and MS/MS
spectra were accepted as a positive identification when the
score confidence was higher than 95% by the Global Protein
Server Workstation.

2.7 Western blot analysis

A total of 30 mg protein mixed with SDS-PAGE buffer was
loaded on 12% SDS-polyacrylamide gel for electrophoresis
with the method described previously in detail [21]. The
separated proteins were then transferred to nitrocellulose
membranes (Axygen, CA, USA). The membrane was first
incubated with blocking buffer containing 5% defatted milk
powder, and then exposed to 0.1 mg/mL mouse anti-human
Troponin T (TNNT2) (Abcam, Cambridge, MA, USA) and
rabbit antimouse ANP antibody (Chemicon, Temecula, CA,
USA) for 2 h. The samples were then washed thoroughly
with TBS buffer, followed by incubation with HRP-labeled
antirabbit IgG secondary antibodies (1:2000, Abcam, Cam-
bridge, MA, USA). The membranes were then washed, and
examined for antigen–antibody complexes with diamino-
benzidine and H2O2 (Santa Cruz, CA, USA). b-Actin was
used as the internal control.

2.8 Statistical analysis

The data were expressed as mean 6 SD, and analyzed with
the Student’s t-test between two groups. It was considered
statistically significant if p-value was less than 0.05.

3 Results and discussion

3.1 Altered protein expressions in UT-B null hearts

with the early cardiac conduction block

Our previous study showed that the UT-B null mice had
abnormal electrocardiogram compared to wild-type mice
[18]. In UT-B null mice, the abnormal electrocardiogram
appeared at 16 wk old and progressed at older age. Electro-
cardiogram showed P-R interval prolongation in UT-B null
mice compared to wild-type mice at 52 wk old. About 20%
UT-B mice had the second degree cardiac conduction block
at 52 wk old. To study the mechanism in which the cardiac
conduction block happened in UT-B null mice. The myo-
cardial proteins of UT-B null mice and wild-type mice at
16 wk old were isolated and separated by 2-DE for compara-
tive proteomic analysis. Totally 1245 6 107 spots could be
well separated according to image-analysis with PDQuest
software. With the comparison of 2-DE images between UT-
B null mice and wild-type mice, ten spots were found being
significantly modulated in all three UT-B null mice (Fig. 1,
Table 1). MALDI-TOF/TOF MS with PMF and MS/MS in
combination with database searching showed that nine pro-
teins were upregulated and one protein was downregulated.
The proteins modulated in their expressions in UT-B null
mice at 16 wk old can be sorted to four classes including
proteins involved in cardiac muscle function (spots 8 and
14), cellular energy metabolism (spots 7, 15, and 17), ion
channel function (spots 4, 6, 18, and 19), and oxidative stress
(spot 16).
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Figure 1. Identification of myocardial proteins and differentially
expressed protein spots by 2-DE and MALDI-TOF MS in wild-type
and UT-B null mice at 16 wk old. (A) A representative 2-DE map of
myocardial proteins in 16 wk old wild-type mice. The spots with
altered expression in UT-B null mice are marked with arrows. MW,
molecular weight. (B) A pair of 2-DE maps of myocardial proteins
from wild-type mice (left) and UT-B null mice (right) aged 16 wk.

The expression of myosin regulatory light chain 2 (MLRA)
(spot 14) and desmin (spot 8), proteins involved in cardiac
muscle function, were identified being altered in this study.
These proteins play an important role in hypertrophic cardio-
myopathy (HCM) and other cardiac diseases [22]. The expres-
sion of acyl-CoA (spots 7 and 15), an important enzyme for fatty
acid oxidation [23], was dramatically upregulated. The expres-
sion of malate dehydrogenase cytoplasmic (spot 17), a key en-
zyme of mitochondrial oxidant phosphorylation [24], was dra-
matically upregulated. These results indicated a decreased gly-
colysis and increased oxidation of fatty acid and glucose may
promote heart conduction block in UT-B null mice. Interest-
ingly, a-enolase (spot 16), a key enzyme for glucose oxidation
related to energy metabolism, was found being upregulated in
the present study. These modulations happened in UT-B null
mice at 16 wk old. Eukaryotic translation initiation factor 5A
(spot 4), a monomeric protein, in conjunction with GTP and
other initiation factors plays an essential role in the initiation of
protein synthesis in eukaryotic cells [25]. The increased expres-
sion of ion channel protein, troponin I, troponin C, and TNNT2
were significantly upregulated in UT-B null mice.

3.2 Altered expression of proteins S6 kinase alpha 3

(KS6A3), apolipoprotein A-I precursor (APOA1),

ANP, and TNNT2 in the hearts with conduction

block in UT-B null mice at 52 wk old

As found in previous studies [18], the cardiac conduction
block in UT-B null mice is even severer at 52 wk old than that
in UT-B null mice at 16 wk old. We speculated that some
specific proteins would be involved in cardiac conduction
block in UT-B mice at old ages. Thus, the protein expression
profiles of the heart were compared between UT-B null mice
and wild-type mice at age of 52 wk (Fig. 2). The results
showed that expression levels of four proteins (KS6A3,
APOA1, ANP, and TNNT2) were significantly changed in
UT-B null mice, of which one could also be revealed at 16 wk
old, and three were only identified at 52 wk old (Fig. 3 and
Table 2). Two of them were downregulated including riboso-
mal protein KS6A3 (spot 1), two proteins were upregulated
including APOA1 (spot 7), and ANP (spot 10). Interestingly,

Figure 2. Identification of myocardial proteins and differentially
expressed protein spots by 2-DE and MALDI-TOF MS in 52 wk old
wild-type and UT-B null mice. (A) A representative 2-DE map of
myocardial proteins in 52 wk old wild-type mice. The spots with
altered expression in UT-B null mice are marked with arrows in
the map. MW, molecular weight. (B) A pair of 2-DE maps of
myocardial proteins from wild-type mice (left) and UT-B null mice
(right) aged 52 wk.
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Table 1. Identified altered proteins in heart of 16 wk UT-B knock-out mouse

Classification/
gene symbol

Protein name Acc.
no.

Spot
no.

Mean-fold
N/C (n = 5)
UT-B knock
out/wild-type

pI
(theor./
exptl.)

MW
(theor./
exptl.)

PMF MS/MS

Pep. Cov. Sco. Pep. Sco.

Resident protein in mitochondria

IF5A Eukaryotic translation
initaiation factor 5A

P63242 K4 2.479 6 0.33 5.08 16 918 5 43 46 1 24

TNNI3 Troponin I, cardiac muscle P48787 K6 2.163 6 0.31 9.57 24 227 11 40 48
ACADS Acyl-CoA dehydrogenase,

short-chain specific
mitochondrial precursor

Q07417 K7 5.127 6 0.29 8.96 45 203 23 45 157 2 80

DESM Desmin P31001 K8 2.822 6 0.37 5.21 53 391 39 68 305
MLRA Myosin regulatory

light chain 2
Q9QVP4 K14 22.211 6 0.31 4.76 19 609 16 74 131

ACADS Acyl-CoA dehydrogenase,
short-chain specific
mitochondrial precursor

Q07417 K15 2.123 6 0.14 8.96 45 203 12 33 77 2 81

ENOA a-Enolase (2-phospho-D-
glycerate hydro-lyase)

P17182 K16 2.202 6 0.10 6.36 47 322 11 34 73

MDHC Malate dehydrogenase,
cytoplasmic

P14152 K17 2.293 6 0.15 6.16 36 494 10 35 66

TNNC1 Troponin C, slow skeletal
and cardiac muscle(TN-C)

P19123 K18 6.033 6 0.47 4.04 18 523 12 63 78 3 178

TNNT2 Troponin T, cardiac
muscle (tntc)

P50752 K19 5.614 6 0.40 4.98 35 673 15 36 119 3 99

Table 2. Identified altered proteins in heart of 16 and 52 weeks UT-B knock-out mouse

Classification/
gene symbol

Protein name Acc.
no.

Spot
no.

Mean-fold
N/C (n = 5)
52 wk/16 wk

pI
(theor./
exptl.)

MW
(theor./
exptl.)

PMF MS/MS

Pep. Cov. Sco. Pep. Sco.

Resident protein in mitochondria

KS6A3 Ribosomal protein S6 kinase a3 P18654 K1 22.012 6 0.16 6.41 83 983 12 20 60
TNNT2 Troponin T, cardiac muscle (TnTc) P50752 K2 23.970 6 0.20 4.98 35 673 13 27 103 2 26
TNNT2 Troponin T, cardiac muscle (TnTc) P50752 K3 24.000 6 0.39 4.98 35 673 13 27 103 2 26
APOA1 Apolipoprotein A-I precursor Q00623 K7 4.124 6 0.56 5.64 30 569 16 40 103 2 57
ANP Atrial natriuretic peptide P05125 K10 4.039 6 0.59 6.73 16 748 5 25 38 3 134

TNNT2 is only protein which expression level was changed in
both 16 and 52 wk old UT-B mice. But it (spot 19) was upreg-
ulated in 16 wk old UT-B mice and downregulated (spots 2
and 3) in 52 wk old UT-B mice. The data indicate that TNNT2
may play an important role in the development of cardiac
conduction defects. The mechanism in which TNNT2 is
involved in cardiac conduction block remains to be studied.

3.3 The dynamic expression of ANP in heart of UT-B

null mice

Natriuretic peptides are a group of naturally occurring sub-
stances that act in the body to oppose the activity of the renin-

angiotensin system. ANP is synthesized in the atria [26]. The
expression level of ANP was similar in the 16 and 52 wk old
wild-type mice. Interestingly, the ANP was significantly
upregulated in 52 wk old UT-B null mice (with the second
degree cardiac conduction block) compared to 16 wk old UT-
B null mice (with the first degree cardiac conduction block)
and 52 wk old wild-type mice (without cardiac conduction
block), which indicates that changes in this protein expres-
sion pattern might be associated with late cardiac conduction
block (Fig. 4).

Previous studies showed that the dramatic increase in
ANP release produced by cardiac ischemia appears to be
mediated in part by endothelin [27]. Nitric oxide (NO), an

© 2009 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim www.proteomics-journal.com



Proteomics 2009, 9, 504–511 509

Figure 3. Identification of myocardial proteins and differentially
expressed protein spots by 2-DE and MALDI-TOF MS in 16 and
52 wk old UT-B null mice. (A) A representative 2-DE map of myo-
cardial proteins in 16 wk old UT-B null mice. MW, molecular
weight. (B) A pair of 2-DE maps of myocardial proteins in 16 wk
old UT-B null mice (left) and 52 wk old UT-B null mice (right). The
spots with altered expression are marked with arrows.

important vasodilator, is also produced by endothelial cells
and inhibits ANP secretion acting through cyclic GMP as an
intracellular messenger. Several recent studies have defined
the cellular mechanism contributing to the regulation of ANP
secretion including stretch-activated ion channels, pros-
taglandins, cytochrome P450, G proteins, and cell calcium
[27]. A number of steps in the cellular ANP signal transduc-
tion remain to be determined. The release of ANP in disease
states such as myocardial infarction and heart failure appears
to be related to both mechanical and cellular events [27, 28].
ANP had been thought to be the gold standard of cardiac
hypertrophy [29–31]. Almost all familial heart block had the
character of cardiac hypertrophy [32]. Therefore, the modula-
tions of ANP in UT-B null mice hint that cardiac hypertrophy
may be involved in the mechanism of heart block in mice.

Natriuretic peptide system consists of three endogenous
ligands, ANP, brain natriuretic peptide (BNP), and C-type
natriuretic peptide (CNP). They contribute to the regulation
of cardiovascular homeostasis through diuretic, natriuretic,

Figure 4. The expression level of ANP in 16 and 52 wk old UT-B
null mice. (A) The density of spot 10 in Fig. 3 (identified as ANP in
Table 2) is indicated with arrow. (B) The bar graph shows the
relative spot densities. **p,0.01 versus wild-type mice at 16 wk
old, ##p,0.01 versus wild-type mice at 52 wk old.

and vasodilatory properties. ANP has drawn particular
attention because of its effects on blood pressure regulation
and cardiac function. Recently, ANP has also been regarded
as a possible cardiovascular risk factor [33]. BNP has
emerged as a relevant marker of left ventricular (LV) dys-
function and as a useful predictor of the outcome in patients
with heart failure. CNP can modulate the phenotype of vas-
cular smooth muscle cells to regulate vascular remodeling
[34]. Maybe the ANP might modulate myocardial cells to
regulate myocardial remodeling. We conjecture that myo-
cardial remodeling lead to the up-regulation of ANP expres-
sion in the 52 wk old UT-B null mice. The myocardial remo-
deling may be another reason of cardiac conduction defect in
52 wk old UT-B null mice.

3.4 The dynamic expression of TNNT2 in UT-B null

mice

The contraction of striated muscle is regulated by troponin
(Tn) complex, which acts as a Ca21 sensor [35]. TNNT2 is a
subunit of cardiac troponin that plays an important role in
many heart diseases and renal diseases. Intriguingly, the
expression of TNNT2 was found to be significantly upregu-
lated in 16 wk old UT-B null mice compared to the same
aged wild-type mice. The expression of TNNT2 in 52 wk old
UT-B null mice was as the same level as that in 16 wk old
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wild-type mice. The expression of TNNT2 was compensa-
tively increased in 16 wk old UT-B null mice. The findings
were also confirmed by Western blot analysis (Figs. 5 and 6).

Series of studies showed that the gene mutation of
TNNT2 is a direct cause of the familial HCM (FHC), dilated
cardiomyopathy (DCM), and other heart disease [35]. The
cardiac troponin CTnT as well as tropomyosin has been
associated with HCM. However, CTnT accounts for most of
the mutations that cause HCM in these regulatory proteins.
To date 30 mutations have been identified in the cardiac
CTnT gene that results in familial HCM (FHC) [36]. Over the
last 10 years, several reports about the physiological roles of
these isoforms in human heart have been presented.

QT dispersion is a sign to evaluate if human have cardiac
arrhythmia or not. The QT dispersion is positive correlation
with myocardial damage. The CTnT was used as a biomarker
of myocardial damage [37]. The CTnT was significantly
higher in UT-B null mice than that in wild-type mice at
16 wk old, which indicates that reversible myocardial dam-
age leads to cardiac conduction block in UT-B null mice.

Figure 5. The expression level of TNNT2 in 16 wk-old wild-type
and UT-B null mice. (A) Spot volume of spot 19 in Fig. 1 (identified
as TNNT2 in Table 1) is indicated with arrow. (B) The bar graph
shows the relative spot densities. *p,0.01 versus wild-type mice
at 16 wk old, #p,0.01 versus wild-type at 52 wk old.

4 Conclusions

In summary, the expression levels of some proteins involved
in cellular energy metabolism and ion channel proteins were
significantly modified before and after the development of

Figure 6. Western blot analysis of the expression levels of ANP
and TNNT2 in 16 and 52 wk old wild-type and UT-B null mice. b-
Actin is used as reference control.

cardiac conduction block in UT-B null mice. The results
revealed that these proteins might be involved in the pro-
gress of cardiac conduction defect. However, further investi-
gations remain to be performed to study the basic pathophy-
siologic mechanisms in which cardiac conduction block
occurs in UT-B null mice.
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