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Abstract:
The roles of estrogen and progesterone are highly regulated during the different
phases of pregnancy. The roles of these hormones and the cellular signal transduction of
labor contractions are well understood; however, the initiation of spontaneous preterm
labor contractions is still unknown in research today. The levels of estrogen and
progesterone are known to increase, and myosin regulatory light polypeptide 9 and
profilin-1 is known to be upregulated and S-nitrosated in preterm laboring myometrium.
We hypothesize that levels of estrogen and progesterone may have an effect on
posttranslational modification of myosin regulatory light polypeptide 9 and profilin-1.
Estrogen and Progesterone are highly regulated during the different phases of pregnancy.
Using western blot and biotin switch technique, we isolated S-nitrosated proteins, myosin
regulatory light polypeptide 9 and profilin-1, from hormonal and non hormonal growth
arrested cells lines of Pregnant Human Uterine Smooth Muscle Cell human Telomerase
Reverse Transcriptase (PHUSMC hTRT) for analysis. The results indicated that myosin
light polypeptide 9 had 1.45 and 1.68 fold increases (hormone and non-hormone) in Snitrosation. Profilin-1 had 2.94 and 5.07 fold increases (hormone and non-hormone) Snitrosation.

Acknowledgements
I would like to acknowledge Scott Barnett and Dr. Iain Buxton for their guidance and
allowing me to conduct the research, which led to this presentation. I would also like to
acknowledge and thank everyone from Dr. Buxton’s laboratory for his or her support and
leadership.

TABLE OF CONTENTS
Page

Abstract ……………………………………………………………………………………...i
Acknowledgements ……………………………………………………...………….ii
Table of Contents …………………………………………………...………………iii
List of Figures ………………………………………………………………………..iv
Introduction …………………………………………………………………………………1-4
Methods ……………………………………………………………………………………..4-9
PHUSMC hTRT Cell Culture ……………………………………………………...4
Protein Isolation of PHUSMC hTRT Cell lines …………………………………..4-5
EZQ® Protein Quantitation ………………………………………………………..5-6
Biotin Switch Assay …………………………………………………………..........6-7
SYPRO® Ruby Staining ……………………………………………...……………7-8
Western Blot of SNO Protein ……………………………………………………..8-9

Results ……………………………………………………………………………………...9-12
SYPRO® Ruby Staining …………………………………………………..………9
Western Blot of SNO Protein …………………………………………………….10

Discussion …………………………………………………………………………………13-14
References …………………………………………………………………………15-17

List of Figures
Figure 1 - SYPRO® Ruby staining……………………………………………….10
Figure 2 – Western Blot: Profilin-1………………………………………………..11
Figure 3 – Western Blot: Myosin light polypeptide 9……………………………12

	
  

Introduction:
The existence of preterm labor in today’s society is no doubt saddening and
should be unimagined in modern medicine. It is both stressful on the fetus and the parent.
Financially it is a heavy burden for all parties involved for the development of the fetus,
the U.S. alone spends at least $26.2 billion a year or $51, 600 per preterm infant.1 In
recent studies, the United States percentage of premature birth has reduced. The
premature birth rate has fallen to 11.99% in the United States, 2 but further action is
needed to reduce the percentage even more. In 2010, an estimated 14.9 million babies
were born preterm, with 5% in several European countries, 18% in some African
countries, and 60% in southern Asia and sub-Saharan Africa.1 Preterm is still the single
biggest cause of neonatal deaths, claiming 1.1 million infants every year.1
Preterm labor is classified as labor occurring before 37 completed weeks of
pregnancy, which could lead to premature birth.3 Babies born prematurely generally face
a series of health problems. Also included are a variety of other causes of death closely
associated with prematurity, such as Respiratory distress, bacterial sepsis, necrotizing

enterocolitis of newborn, and others.3 Many of the newborn deaths are caused by
underdevelopment of major organ systems. The exact mechanism that leads to early
onset labor is still not well known. During pregnancy estrogen and progesterone increase
with advancing gestational age (5, 35, 36).22 So it is well known that the levels of
hormones estrogen and progesterone contribute to the normal pregnancy and may lead to
early onset labor.
From current research, it is know that myosin regulatory light polypeptide 9 and
profilin-1 play a critical role in smooth muscle contraction.4,5 Myosin light polypeptide is
a regulatory subunit that has an important role in regulating smooth muscle contraction
through its phosphorylation. Profilin-1 is an actin monomer-binding protein in the
profilin family. These proteins are some of the first to be phosphorylated and
dephosphorylated in a cascade of signaling reactions. It has been suggested that profilin1 facilitates the polymerization of actin.6 Profilin-1 binds to soluble monomeric G-actin
creating a profilin-actin complex, which facilitates the exchange of ADP for ATP.7 To
provide the smooth muscle contraction after polymerization of the actin filament, the
release of calcium ions creates an action potential and causes a cascade of molecular
signaling through various messenger molecules (e.g. IP3, DAG) and phosphorylation of
transmembrane ion channels.8 Eventually the signaling leads to the activation of myosin
light chain kinase (MLCK), which in turn causes the phosphorylation of myosin light
polypeptide 9, thus initiating cross-bridge cycling and allowing the smooth muscle to
contract.10 Phosphorylation has been linked with levels of estrogen in vascular smooth
muscle stimulating extracellular signal-regulated kinases (ERK).23 This evidence of

smooth muscle phosphorylation could suggest that hormone levels effect
posttranslational modification of proteins in uterine smooth muscle cells.
Similarly, the influence of nitric oxide (NO) on cellular signal transduction is well
known.11 S-nitrosated proteins play key roles in NO-dependent signaling that is vital to
almost all aspects of cell proliferation, homeostasis, and to programmed cell death. The
base reaction for s-nitrosated proteins is when a cysteine thiol reacts with NO in the
presence of an electron acceptor to form an S-NO bond.12 This is a posttranslational
modification, which affects the function of a wide array of cellular proteins.12 Much
research has suggested that the products of S-nitrosation, S-nitrosothiols (SNOs), play
key roles in human health and disease.13 The disruption or dysregulation of SNO
signaling leads to impairment of cellular function.13 NO production has been found in
endothelial cells from an exogenous S-nitrosothiol donor or from endogenous production
of NO by endothelial NO synthase.20 NO can diffuse freely through cell membrane or
can use an amino acid transporter system L (L-AT), which uptakes NO through CysNO.21
This recent insight regarding the bioactivities, molecular signaling pathways, and
metabolism of endogenous s-nitrosothiols has suggested new therapies for diseases
ranging from cystic fibrosis to pulmonary hypertension.12 In relation to nonpregnant
PHUSM, NO relaxes the smooth muscle in a dose-dependent manner.14 In nonpregnant
myometrium, NO increases cGMP (guanosine 3',5'-cyclic monophosphate) causing
relaxation. In pregnant myometrium, individuals in labor appear less sensitive to the
relaxant effects of NO.15 During pregnancy state, there have been different techniques to
prove the production of NO by Nitric Oxide Synthase (NOS) in uterine smooth muscle.
One technique used radiolabeled L-arginine-to-L-citrulline in homogenates of pregnant

rat, guinea pig uteri, and pregnant human myometrium.16 NO metabolites were also
measured during gestation in rat and rabbit uterine explants which also confirmed NOS
activity.16 Though uterine-generated NOS is still debated and being studied. There is
evidence that profilin-1 (and beta-actin) are excessively S-nitrosated after an increased
synthesis of reactive species by NOS.17 It has been shown that myosin can be extensively
S-nitrosated.18 It was hypothesized that critical proteins (e.g. myosin light polypeptide 9,
profilin-1) are S-nitrosated disparately in pregnant and nonpregnant USM with the
development of regulation of contraction/relaxation of signaling.14 The purpose of this
study will be to investigate the role of hormone regulation (e.g. estrogen and
progesterone) and the expression of S-nitrosation of myosin light polypeptide 9 and
profilin-1 in telemorized uterine smooth muscle cells.
METHOD & MATERIALS:
PHUSMC hTRT Cell Culture: - Human Telomerase Reverse
Transcriptase Pregnant Human Uterine Smooth Muscle Cells (PHUSMC hTRT) were
grown in Dulbecco’s Modified Eagle Medium (D-MEM) (1X), liquid (high glucose)
(gibco® cat. #11995), 10% Fetal Bovine Serum (FBS), progesterone (200ng/ml), estrogen
(15ng/ml), Penicillin (60 µg/ml) on six 150mm growth dishes. Cell lines were grown to
at least 90% confluency then three of the 150mm growth dishes were growth arrested in
Dulbecco’s Modified Eagle Medium/High Modified (DMEM/High Modified, liquid
(high glucose) ((-) Phenol Red) (HyClone® cat. #SH30284.01), progesterone (200ng/ml),
estrogen (15ng/ml), Pencillin (60 µg/ml) and 1% Insulin-Transferrin-Selenium (ITS) for
8 days. The three other 150mm dishes were growth arrested for 8 days with the same
media, however no hormones treatment was added.

Protein Isolation of PHUSMC Cell Lines: - HENS buffer (250 mM HEPES
pH 7.7, 1mM Ethylenediaminetetraacetic acid (EDTA), 0.1mM Neocuproine, 1% SDS)
with 0.4% CHAPs (10% (W/V) in 1 ml HEN buffer). 2% EDTA/protease inhibitor was
added to 1 ml of HEN buffer with 0.4% CHAPs solution. The 8-day growth arrested
media was removed and each dish was washed in ice-cold sterile phosphate buffered
saline (PBS) twice. One hormone and no hormone growth arrested line were incubated
20 minutes in 100 mM S-nitrosoglutathione (GSNO), and a second set of hormone and
hormone-free growth arrested lines were incubated 20 minutes in 100 mM Snitrosocysteine (CysNO) before isolation. 10 mL CysNO were made by adding 100mM
cysteine, 105 mM Sodium Nitrite, 100 mM HCl. It was then quenched 10 minutes in the
dark with 100 mM NaOH. The sample was then immediately run for absorbance reading
of 543 nm. 500µl HENS/CHAPs was added to each dish ((3) hormone and (3) no
hormone growth arrested cells) in the dark. The dishes were scraped and the cell lysate
was collected in 1.5 ml amber epindorff tubes. The cell lysates were sonicated and then
centrifuged for 20 minutes at 10,000xg. Supernatants were transferred to new tubes.
EZQ® Protein Quantitation: - EZQ® protein quantification was provided by
Nevada Proteomics Center and performed based on manufactures instructions (Molecular
Probes TM). 1:10 dilutions of each sample were prepared for quantification in HEN
buffer. Standardized samples were provided by the Nevada Proteomics Center at
concentrations of: 0.0 µg/µl (no protein control), 0.02 µg/µl, 0.10 µg/µl, 0.50 µg/µl, 1.00
µg/µl, 1.5 µg/µl, 2.50, µg/µl, and 5.00 µg/µl. A full sheet of assay paper was placed over
a microplate, and aligned the paper with the inner tabs of the top, bottom, and left sides of
the plate. The stainless steel backing plate was inserted on top to secure the assay paper.

1 µl of standardized and isolated protein samples were applied in triplicate through the
backing plate onto the assay paper. After spotting samples, the assay paper was allowed
to dry completely. The assay sheet was placed into a plastic staining tray and ~40 mL of
100% methanol was poured into the tray. For 5 minutes, the assay sheet soaked in the
methanol with gentle agitation. This will fix the proteins and remove any contaminating
substances from the samples. After washing and the assay paper was dried again. ~40
mL of the EZQ® protein quantitation reagent was poured into the staining tray and gently
agitated overnight. The assay paper was then washed in ~40 mL of 1X destaining
reagent and rinsed three times after with dH2O. The proteins spots were visualized and
analyzed using a laser-based scanner (532-560 nm).
Biotin Switch Assay: The biotin switch assay was performed on the 6 protein
samples, a positive control and a negative control. The positive control was made up of
300 µM GSNO added to 1330 µg albumin, and incubated for 10 minutes at room
temperature. The negative control was contained 2 mL H2O and 1330 µg albumin and
treated in UV light for 1 hour. 1330 µg of each sample and the controls were precipitated
in (4) volumes of 100% acetone. The 8 samples were cooled -30°C for protein
precipitation overnight in 15 mL amber conical tubes. The samples were centrifuged at
10, 000xg for 1-hour to pellet the protein. 3 gentle washes with 70% acetone were
performed that the pellets air-dried for 15 minutes. The pellets were re-suspended in HEN
buffer, 25% SDS, and 3M NEM (N-ethlymaleimide dissolved in N, NDimethylformanide, anhydrous (Sigma 227056, Batch 0869KK)). NEM is a nonreducing agent that binds free thiols. The samples were incubated at 50°C in the dark for
20 minutes with frequent vortexing. (4) Volumes of -30°C 100% acetone were added to

each sample. Protein samples were precipitated at -30°C overnight. Samples were again
centrifuged at 3,000xg for 1 hour. (3) Gentle washes with 70% acetone were performed
and pellets air dried for 15 minutes. The pellets were re-suspended in HENS buffer (HEN
with 1% SDS) and transferred into 2 mL amber tubes. 463.15µM Biotin-HPDP (30 µl of
2.5 mg/ml) was followed by 20mM ascorbate. The samples were incubated on a rotor for
1 hour at room temperature. (4) Volumes of -30°C 100% acetone were added to each
sample and precipitated at -30° overnight to remove excess biotin-HPDP in solution. (3)
Gentle washes of 70% acetone, air-dried for 15 minutes, and centrifuged at negative
pressure for 10 minutes. Each sample was re-suspended in HENS buffer and
neutralization buffer (protein stability). 50 µl of magnetic beads were added to each tube,
incubated on rotor for 15 minutes at room temperature, vortexed (2X), and magnetically
separated for 10 minutes. The samples were gently washed with (10) volumes of
neutralization buffer with NaCl (each wash solution was kept for non-SNO protein future
use). The samples were removed from magnetic separator and incubated for 5 minutes in
Elution buffer (20 mM HEPES-NaOH ph 7.7, 100 mM NaCl, 1mM EDTA, 100 mM βMe) to recover bound proteins. The elution buffer contained additional fresh 14.3 M βmercaptoethanol to reduce disulfide bonds (β-Me). The samples were returned to the
magnetic separator for 10 minutes to collect the solution that contained SNO proteins.
Western Blot of SNO Protein: - 4X SDS sample buffer added to the 1330 µg of
each protein sample. 2.96 µL of a total protein sample (PHUSMC hTRT with
hormone10.12 µg/µl, 10/12/12) was mixed with 4X SDS sample buffer, ddH2O and 14.3
M β-Me. The nine total samples were boiled for 3 minutes, immediately cooled on ice

and quickly spun down. The samples were loaded onto a 4-20% acrylamide gel, and into
the electrophoresis container. The gel ran for 45 minutes at 200 volts. The gel was
immediately transferred onto nitrocellulose membrane and placed in 1X phosphatebuffered saline (PBS) for SYPRO® ruby staining. After SYPRO® ruby staining and
scanning, the blot was continued with western blot protocol. The membrane was not
destained prior to the blocking stage. The membrane was blocked with 1:1 dilution of
Licor Blocking Buffer and 1X PBS for 1 hour. After the hour, a dilution of 1:1000 1°
profilin mouse monoclonal IgM antibody (Santa Cruz Biotechnology, SC-137236) was
applied and shook overnight at 4°C. The 1° antibody (Santa Cruz Biotechnology, SC137236) was removed and the blot was quickly washed with 1X phosphate buffered
saline with 0.1% Tween (PBST) to remove any excess antibody. Then washed the
membrane for 4X 5 minutes each in a sufficient volume of 1X PBST at 4°C while
shaking. A 1:25,000 dilution of 2° antimouse antibody (Santa Cruz Biotechnology) was
applied. The secondary antibody was removed and the blot was quickly washed with 1X
PBST to remove any excess antibody. Then washed the membrane for 4X 5 minutes each
in a sufficient volume of 1X PBST at room temperature while shaking in the dark. After a
dilution of 1:1000 1° myosin light polypeptide 9 rabbit polyclonal IgM antibody (Santa
Cruz Biotechnology, SC-15370) was applied and shook overnight at 4°C. The 1° myosin
light polypeptide 9 polyclonal antibody (Santa Cruz Biotechnology, SC-15370) was
removed and the blot was quickly washed with 1X PBST to remove any excess
antibodies. Then washed the membrane for 4X 5 minutes each in a sufficient volume of
1X PBST at 4°C while shaking. A 1:25,000 dilution of 2° antirabbit antibody (Santa Cruz
Biotechnology) was applied. The secondary antibody was removed and the blot was

quickly washed with 1X PBST to remove any excess antibody. Then washed the
membrane for 4X 5 minutes each in a sufficient volume of 1X PBST at room temperature
while shaking in the dark. The membrane was then destained with 150 mM Tris, pH
8.8/20% methanol for 20 minutes.
SYPRO® Ruby Staining: - SYPRO® ruby staining was performed in protocol
(Molecular Probes, S-11791) in Nevada Proteomics Center. After electroblotting proteins
to nitrocellulose membrane, the membrane was immersed in gel fixing agent (7% acetic
acid, 10% methanol) and incubated at room temperature for 15 minutes while agitated.
The fixing agent was drained and the membrane was incubated 4X with ddH2O changes,
each 5 minutes. The membrane was completely immersed in SYPRO Ruby blot stain
reagent for 15 minutes. The membrane was washed 4-6 times for 1 minute in ddH2O to
remove excess dye. The membrane was scanned and analyzed. The membrane was
washed face down on a solution of 150 mM Tris, pH 8.8/20% methanol for 20 minutes.
The blot was rinsed 4X for 1 minute in ddH2O.
Results:
SYPRO® Ruby Staining of SNO Protein: The stain indicated that SNO labeled
proteins were present in some lanes. The blot is not fully conclusive to all SNO proteins
visible in each lane. However, there is indication that there were SNO proteins isolated.
The positive control did not show any protein in lane 2. Procedural error is the most
likely explanation for lack of a positive control. The positive control was GSNO treated
albumin. The GSNO treated experimental lanes displayed SNO proteins (Lane 4 & 7).
The CysNO treated experimental lanes did not have any visual indication of SNO

proteins (Lane 5 & 8). The two lanes (Lane 6 & 9) with no SNO treatment displayed
SNO proteins. In lane 10, isolated total protein correlated that there was SNO protein in
to the experimental lanes.

Western Blot of SNO Protein: To determine whether or not myosin light
polypeptide 9 and profilin-1 were s-nitrosated the blot was treated with antibodies
specific for both myosin light polypeptide 9 and profilin-1. Both antibodies
attached and displayed at the correct molecular weights of myosin light
polypeptide 9 (20 kDa) and profilin-1 (15 kDa) in figures 2 and 3, respectively.
These indicated that both proteins were S-nitrosated and at different amounts with
hormone and non-hormone treated cells during growth arrest
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Discussion:

This research could suggest that based on the fold differences in S-nitrosated
proteins, the amount of hormone being produced could have an affect on S-nitrosation of
myosin light polypeptide 9 and profilin-1. However, procedural error occurred in
between protein isolation and preparation of the samples for western blotting. During the
washes throughout the experiment, protein could have been washed away from the
precipitated pellet. For example, the positive control was not seen at after pull down.
This would indicate the protein was lost at some point during washing cycles or at some
other time. Naturally there are levels of estrogen and progesterone in the non-hormone
growth arrested cells, but the addition of hormones may mirror USM during pregnancy.
During pregnancy estrogen and progesterone increase with advancing gestational age (5,
35, 36).22 Based on spectral counts of the band of the western blot, the myosin light
polypeptide 9 and profilin-1 had a 2.94 and 5.07 fold, respectively; increase in GSNO
treated cells with hormones. Myosin light polypeptide 9 and profilin-1 had a 1.45 and
1.68 fold, respectively, increase in CysNO treated cells with hormones. The difference in
fold increase between GSNO and CysNO may be attributed to each transport mechanism.
GSNO is directly transported in the cell, while CysNO uses the L-AT cotransport
mechanism.20 It might take longer periods of time for the cotransport of CysNO to enter
the cell. Both were only incubated 20 minutes in each NO solution. CysNO read at 543
nm, which correlates with previous studies.21
Profilin-1 and myosin light polypeptide 9 are know to have a critical role in the
smooth muscle contraction through posttranslational modification. They are involved in
signal transduction muscle cells that help direct the contraction of a cell 4,5. In many

cellular proteins posttranslational modification can occur through S- nitrosation, which
has been studied as a way of protein modification. Profilin-1 has been excessively Snitrosated in high oxygen which increased synthesis of reactive species by NOS.17 It has
been shown that skeletal myosin can be extensively S-nitrosated.18 Profilin-1 and myosin
light polypeptide 9 could have vital roles in S-nitrosated pregnant and non-pregnant
uterine smooth muscle. In relation to nonpregnant PHUSM, NO relaxes the smooth
muscle in a dose-dependent manner. 14 NO can enter USMC in two ways. NO can
directly cross the membrane and interact with GSH to form GSNO. It can also be
transported via L-AT system were it is bound to a cysteine (CysNO) from GSNO in the
blood. 19
This research has led to the idea that hormones could possibly have a great effect
on S-nitrosation of the various proteins involved in uterine smooth muscle cell
contraction. Further research will be done to look at this more in-depth at how the
possibility of stretch affects S-nitrosation of these proteins along with hormones. The
RNA will also be analyzed by qPCR to look for any indication of regulation pretranslation of protein. This could lead to further understanding of preterm labor and drive
future research interests.
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