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merase II complexes and intrinsic histone acetyl-
transferase activity. 

The transcription factor of the α1C gene has
two binding motifs for CREB: 5’-TGACGTA-3’
at -563/-555 (CRE1) and 5’-TGACAGCA-3’ at
-176/-169 (CRE2). Luciferase reporter assay us-
ing the construct of hα1C1b and luciferase gene
showed a concentration-dependent increase in
promoter activity on incubation of the HCCSM-
Cs with VIP for 24 hours. The increase of re-
porter activity was suppressed when the CREB
gene was silenced with its targeted RNAi. The
inhibition of PKA with H-89 also blocked the in-
crease in promoter activity. Successive 5’ dele-
tions of the hα1C1b promoter and point mutations
of the CRE1 and CRE2 motifs indicated that
CRE1 was the prominent binding site of CREB
to induce the transcription of α1C.

We investigated the physiological significance
of α1C gene expression by VIP in human and rat
colonic muscle strips as well as in intact awake
rats. Twenty-four hour incubation of fresh human
or rat colonic circular muscle strips with 10-7 M
VIP significantly enhances their contractile re-
sponse to ACh, when compared with that in
strips incubated with the culture medium alone.
Seven-day infusion of 20 nmol/day VIP also en-
hancesthe contractile response to ACh, the rate of
transit in the colon and the number of fecal pel-
lets per 24 hours. By contrast, seven-day infusion
of VIP antagonist (p-chloro-D-Phe6, Leu17)-VIP
suppresses the contractile response to ACh, the
rate of transit in the colon and the number of fe-
cal pellets per 24 hours.

In conclusion, the enteric neurons regulate the
excitation-transcription coupling of key signaling
proteins in circular smooth muscle cells, in addi-
tion to their classic role of stimulating excitation-
contraction and excitation-inhibition couplings.

The classic role of the enteric neurons is to re-
lease excitatory (acetylcholine; ACh) and in-
hibitory (nitric oxide; NO and vasoactive intesti-
nal polypeptide; VIP) neurotransmitters on to the
smooth muscle membrane receptors to initiate
excitation-contraction and excitation-inhibition
couplings. These two couplings along with the
slow waves in smooth muscle cells generate dif-
ferent types of contractions to perform the over-
all gastrointestinal motility function. 

We found that in addition to stimulating the
excitation-contraction and excitation-inhibition
couplings, the neurotransmitters also induce ex-
citation-transcription coupling in smooth muscle
cells. The incubation of the primary culture of
human colonic circular smooth muscle cells
(HCCSMCs) with VIP, concentration-dependent-
ly increases the mRNA and protein expression of
the pore-forming α1C subunit of the Cav1.2 (L-
type) calcium channels. The corresponding in-
crease in the number of calcium channels ex-
pressed on the circular smooth muscle membrane
enhances Ca2+-influx in response to 60 mM KCl. 

VIP induces the gene expression of α1C subunit
by enhancing the cellular accumulation of cAMP
and activation of protein kinase A (PKA). The
short-term activation of PKA reduces cell con-
tractility by sequestering the cytosolic calcium
into the intracellular stores and by decreasing
Ca2+-sensitivity. However, the long-term activa-
tion of PKA by smaller concentrations of VIP
disassociates PKA into its regulatory and catalyt-
ic subunits. The catalytic subunits translocate to
the nucleus where they phosphorylate the tran-
scription factor CREB. The phosphorylation of
CREB recruits the co-factors CREB-binding pro-
tein (CBP) and its prolog p300 to express target
genes with the recruitment of the basal transcrip-
tion factors TFIID and TFIIB, the RNA poly-
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