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Sabbatical Proposal for 2008 — 2009

Carola Wright, Ph. D.

Rationale:

“The Great Teacher Inspires”. This quote by William Arthur Ward is engraved on the
Educator of Distinction Award my students presented to me in May of this year.

Being an inspiration to my students has always been my goal and has been the center of
my teaching philosophy ever since I joined the Mt. SAC faculty in 2001 to teach
Anatomy and Physiology.

My ability to inspire students largely stems from over 10 years of research experience
in the field of Physiology. My research projects involved studies at the cellular and
molecular level in several laboratories at the University of Goettingen, Germany (1988
—1991) and at the University of California, Irvine (1992 — 2001). The most recent
research experience stems from my dissertation project in the Department of
Physiology and Biophysics at UCI (1994 — 2000).

This research experience in combination with my love for teaching has influenced my
teaching style and has been able to inspire so many of my students at Mt. SAC.

After seven years of teaching the time has come to refresh this research experience.
Therefore my proposed sabbatical activities are centered on participating in a current
research project and on once again leaming some of the most cutting edge technologies
in the field of Physiology.

Proposed Sabbatical Activities:

A. Research

For the Fall semester 2008 I will join the Baldwin lab in the Department of Physiology
and Biophysics at the University of California, Irvine to conduct research in the field of
muscle Physiology for a time that is equivalent to one and one-half teaching semesters.
In a recent meeting with Dr. Baldwin at UCI I discussed the possible research projects
with him and obtained permission to join his research group at UCIL

If this sabbatical leave is granted, I will participate on a full-time basis in at least one of
the ongoing research projects in the Baldwin lab. Each project is introduced below with
a short description. Please refer to appendix A for a more technical and detailed
description of the projects.

Project 1: Gene regulation of the cardiac myosin heavy chain genes.

The human heart is composed of interconnected muscle cells whose rhythmic
contractions enable the heart to pump blood through the whole body.

The exact contractile properties of the heart depend largely on the precise composition
of contractile proteins in the heart muscle cells. Specifically, the composition of the



myosin isoforms determines the contractile properties of the working heart. It is known
that the composition of myosin isoforms in the heart changes in response to conditions
such as diabetes, hypertension (high blood pressure), hyperthyroidism and
hypothyroidism.

Since the myosin heavy chain composition of the heart affects its contractile properties
it is very important medically and physiologically to understand how high blood
pressure and different hormone states can change the composition of myosin heavy
chains in the heart.

The Baldwin lab studies the regulation of gene expression of the myosin heavy chain
genes in the heart with the goal of gaining a better understanding of the cellular effects
of hypertension, diabetes and different thyroid states on the heart.

Project 2: Myosin heavy chain gene regulation in skeletal muscle

Similar to the heart, the contractile properties of skeletal muscle also depend on the
exact composition of myosin isoforms in the muscle cells. Skeletal muscle fibers can be
slow, intermediate or fast depending on the myosin isoforms that are expressed in the
fiber. Factors such as loading conditions, motor neuron innervation and hormone states
determine the myosin heavy chain profile that is expressed in a muscle fiber.

Research in the Baldwin lab focuses on molecular mechanisms of gene switching in
response to various physiological stimuli.

Project 3: Prevention of unloading-induced muscle atrophy

When human skeletal muscle is not used it quickly loses its strength.

In studies on human subjects exposed to space flight (zero gravity) or ground-based
analogs such as bed rest, it has been shown that both muscle mass and strength are
significantly reduced within as little as 5-7 days. These changes occur even when
various types of exercise are imposed. This is of practical importance because it
drastically limits the time flight crews can spend on space flights. It is currently
impossible to send astronauts on a mission to Mars (which would require space travel
of several months) or even to keep them for extended time periods at the international
space station.

NASA is very interested in research that is aimed at preventing this rapid muscle loss
and therefore has been supporting research projects in the Baldwin lab on this topic.
Current research projects are aimed at understanding the underlying mechanisms for the
changes in muscle structure and function that occur during unloading (or zero gravity).
The Baldwin lab is also working on exercise training programs that could be carried out
on space flights and would prolong the time astronauts could spend in a zero gravity
environment.
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B. Travel

Towards the middle of the second teaching semester I will travel to Germany and visit the
following places that are related to my teaching assignment at Mt. SAC and to my Sabbatical

project:

1. Technical University Munich
a. Department of Sports science / Sports Medicine.
Of particular interest are the research projects on muscle mechanics and
muscle dynamics in combination with resistance training and sport
orthopedics.
The Department offers lectures and seminars.
I am planning to attend the Bavarian Sports Congress (a 3-day event) in
2009. The exact schedule is not yet available.
More information can be found at http://www.sport.tu-muenchen.de/

2. German Heart Center (Deutsches Herzzentrum) in Munich
(http://www.dhm.mhn.de/ww/de/pub/dhm.htm)

a. The German Heart Center in Munich specializes in molecular cardiology
and in the diagnosis and treatment of cardiovascular disease. The center also
contributes to the advancement of diagnosis and treatment through its own
patient — related research activities.

[ am planning on visiting the center and participating in at least one
workshop and / or Symposium hosted by the center during the time of my
visit. The exact Symposium schedule for 2009 is not available yet.

3. Munich Center of Molecular Life Sciences
a. The Center offers research and facilities in the areas of functional genomics,
molecular medicine, protein science, Biotechnology and Cell Biology
(http://www.ch.tum.de/lifesciences/). They offer many lectures and seminars
in the above areas. I will attend at least two events the center offers during
my stay in Munich (exact calendar of events is not available yet).
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B. Travel Updated Plan (approved by Salarv and Leaves Committee)

During the second teaching semester I will travel to Germany and visit the following places
that are related to my teaching assignment at Mt. SAC and to my Sabbatical project:

4. Goethe University Frankfurt and Sportklinik Bad Nauheim
a. Department of Sports science / Sports Medicine.
Of particular interest are the research projects on muscle mechanics and
muscle dynamics in combination with resistance training and sport
orthopedics.
The facilities offer ongoing lectures and seminars.
Currently posted offerings that are relevant to my project inclcude
e Sport therapy in cardiology and
e Sport and Diabetes mellitus
More information can be found at http://www.sportmedizin.uni-frankfurt.de/ and
http://www.sportklinik-badnauheim.de/

I am planning on visiting the centers and participating in at least one
public lecture, workshop and / or Symposium offered during my time in
Frankfurt. Events are offered on an ongoing basis.

5. German Heart Center (Deutsches Herzzentrum) in Frankfurt, also known as CCB
(Cardioangiologisches Zentrum Bethanien)
http://www.herzzentrum-frankfurt.de/

a. The German Heart Center in Frankfurt specializes in the diagnosis and treatment of
cardiovascular disease. The center also contributes to the advancement of diagnosis
and treatment through its own patient — related research activities.

I am planning on visiting the center during my stay in Frankfurt. If a public
lecture, workshop and / or Symposium is offered by the center I will
participate in at least one such event.

6. The ‘Excellence Cluster Cardio-Pulmonary System’
of the University Frankfurt and the Max-Planck-Institute (MPI) for Heart and Lung
Research in Bad Nauheim (near Frankfurt) constitutes a unique translational research
center, dedicated to combine cutting edge basic sciences with preclinical and clinical
studies in the field of vascular and parenchymal heart and lung diseases. Research is
organized on different levels of complexity such as molecular signatures and target
structures, cellular phenotypes, integrative - including developmental - biology,
disease models and preclinical studies as well as clinical trials.
They offer many lectures and seminars in the above areas. I will attend at least two
events as offered during my stay in Frankfurt.
More information at http://eccps.de/index.htm

If any of the above places are unavailable for visit or a major event I was planning on
attending is cancelled I agree to contact the Salary and Leaves committee in advance
regarding approval of any changes that may have to be made.
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Proposed Timeline

I am planning to spend at least three fourths of my sabbatical leave time on the research
projects outlined above. For the remaining time I will travel to Germany and visit the places
mentioned in section B above.

Since the nature of research is to explore and study the unknown it is hard to predict the exact
nature and time line of the project. A reasonable time line to the best of my knowledge is
listed below:

Fall 2008:

Week 1: Begin research activities in the Baldwin lab in the Department of Physiology and

Biophysics at UCI. The exact project / projects will depend on the progress the Baldwin lab
has made in the different research areas up to that point.

I will begin with a review of the literature related to my research project. Specifically, I will
be reviewing relevant journal articles published in the American Journal of Physiology, the

Journal of Applied Physiology and the Journal of Biological Chemistry.

Week 2: Review of research tools needed for the particular project. Develop a research
strategy to answer questions regarding the project.

Weeks 3 & 4: Preliminary tests on the methods as they apply to my project.
Refine lab protocols. Learn new PCR techniques and test them on control samples.

Weeks 5 & 6: Work on animal models. Learn surgical techniques as necessary for my
project. The Baldwin lab uses rats as animal models for studies on the heart and on skeletal

muscle.

Weeks 7 & 8: Molecular biology. Work on plasmid constructs. Design PCR primers. Extract
RNA / DNA. Manipulate DNA as necessary for the project.

Week 9: Test DNA constructs. Sequence DNA as necessary.
Weeks 10 & 11: In vivo gene transfer experiments. Test DNA constructs in animal models.

Weeks 12 & 13: Isolate heart muscle or skeletal muscle tissue. Analyze muscle tissues for
reporter gene activities, protein levels or RNA content as appropriate for the project.

Week 14: Analyze data. Make adjustments for next round of experiments.
Weeks 15 & 16: Refine PCR techniques. Test alternative protocols. Work on plasmid

constructs. Set up a new set of test animals. Perform surgeries and/ or experimental
procedures on animals.



Spring 2009

Weeks 1 & 2: Continue the research project. Extract muscle tissues and test for reporter gene
activities, protein levels or RNA content as appropriate for the project.

Weeks 3 - 6: Collect more data. The goal will be to produce quality data that can ultimately

be submitted for publication in a peer reviewed journal article. However, given the nature of
research, the outcome of the research project is impossible to predict. And while I am hoping
that I can produce publishable data during my sabbatical leave I cannot promise that this will

be the case.

Towards the end of my research project I will make final arrangements for my travel to
Germany, including housing arrangements and applications for participation in the relevant
symposia, conferences etc. as outlined above.

Week 7 & 8: Finish up work in the Baldwin lab. Begin writing up the results.

Week 9: Travel to Germany. Settle into my new living arrangements in Munich. Since I am
bilingual English and German there is no need for a language course and I will be able to
visit the places and attend the seminars and symposia as outlined in section B above.
Weeks 10 - 13: Visit the Technical University Munich, Department of Sports science /
Sports Medicine, the German Heart Center and the Center of Molecular Life Sciences in
Munich. Attend Seminars and Symposia as they are offered during that time.

Week 14: Return to California. Begin writing the sabbatical report.

Week 15: Prepare research results for publication, if possible. Continue writing on the
sabbatical leave report.

Week 16: Complete sabbatical leave report.

Anticipated Value and Benefit of the Proposed Sabbatical Activities:

A. Benefits to my personal and professional development

Physiology is a dynamic field that has experienced much growth and accumulation of
new knowledge over the past decades. It is a foundation science for the field of
Medicine and as such a course in Human Physiology is a major prerequisite course
for all students entering nursing programs or pursuing a career in any of the health
care professions.

At Mt. SAC the majority of my teaching assignments are lectures and labs in Human
Physiology.

When I teach Physiology I find it extremely helpful to have a research background in
the field. My enthusiasm for teaching Physiology also stems from my research
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background. Students catch on easily to this enthusiasm by asking questions and
showing a genuine interest in the course material.

My sabbatical project will help me to stay in touch with my field of expertise. This will
translate into enthusiastic lectures and labs in which students are presented with current
information and up-to-date knowledge in the field of Physiology.

The travel component of my proposed sabbatical activities will add broader

knowledge at an international level to my expertise in the field.

B. Benefits to the Biology Department

Given the constant changes and increase in available knowledge in the field of Physiology
it is important to keep our lab manuals and lab exercises current. While teaching, it is
difficult to stay current in the field. My sabbatical project will be beneficial to the
Department because I will be able to share my knowledge and expertise when we update
the lab exercises for the Physiology students.

I am also planning to share the results of my research project and my travel experiences
with my colleagues in form of a PowerPoint presentation and/or a written report.

C. Benefits to the College

An enthusiastic instructor with updated knowledge in a dynamic field presents an

asset to the College.

Through my interactions with faculty from various Departments I will be able to

share my research experience with colleagues outside of the Biology Department.

Over the years teaching at Mt. SAC several of my students have become interested in
research themselves. My experiences and connections will help them to find research
and transfer opportunities at four-year Universities.

In addition, as an instructor with international experience I have a better understanding of
the cultural and language barriers that so many of our international or immigrant students
face. On numerous occasions I have been able to encourage international students to face
their challenges and to try until they succeed.

Abstract

This sabbatical proposal is a combination of project and travel. The project component
will encompass research in the field of muscle Physiology at UC Irvine and will take
about 75% of the time. The travel component will include travel to Germany for the
remaining time. I will visit research facilities and institutions in the Munich area that are
relevant to my research project and my teaching assignment.
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Abstract

This report is about a research project in the field of skeletal muscle Physiology and
travel in Germany relating to the fields of muscle physiology, cardiology and exercise
physiology.

Recent advances in the field of epigentics have provided a novel way to study the
complex cell physiological processes that lead to plasticity in muscle cells. Differential
epigenetic modifications of histones at the myosin heavy chain genes were examined in slow
skeletal muscle fibers and in response to muscle unloading. Chromatin Immunoprecipitation
assays were used to study complex gene regulation of myosin heavy chain genes in a model
of hind limb suspension and thyroid treatment.

Travel in Germany provided updates a.ﬁd nev’&; insights into the fields of cardiology,

exercise physiology and sports medicine. ' : B
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Statement of Purpose

Physiology is a dynamic field in which new research data constantly adds novel
information to the existing body of knowledge.

My students have always enjoyed and benefited from my frequent references to
recent or ongoing research in the field of Physiology. Many have reported that it has
stimulated their critical thinking and their general interest in the subject matter. In depth
knowledge of the research methods as well as the current publications in the field are
essential to being able to apply this information in the plassroom setting.

This sabbatical project was an opportunity to participate once again in cutting-edge
research and to get an update in my specialty field of muscle physiology through research
and travel. By joining a muscle physiology research group at the University of California
Irvine, I was able to learn some of the most advanced methods and technologies in gene
expression and apply them to a study of skeletal muscle tissue. In addition I had access to
very advanced equipment and learned how to use it for my research project. This also
included learning to use software programs such as GraphPad Prism, ImageQuant and
Photoshop.

The travel time in Germany further broadened my horizon as it exposed me to
different approaches to research and study in the fields of cardiology, muscle physiology and
exercise science.

This new knowledge and experience will be incorporated into my lectures and enrich

the classroom experience of my future students.
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Summary of Research Activities

The Baldwin Lab at UC Irvine focuses on research in the field of muscle physiology.
There are three major branches dividing up the lab activities and research efforts: 1. cardiac
muscle physiology, 2. skeletal muscle physiology and 3. exercise physiology and sports
science.

As outlined in my original proposal I was going to participate in a research study in at
least one of these three areas. When I joined the Baldwin lab it became quickly clear that I
would be able to get the best experiences and learn the most advanced techniques by
participating in the ongoing skeletal muscle project.

Skeletal muscle has plasticity and is able to adapt to various physiological and
pathophysiological stimuli. For example, it is well known that muscle quickly atrophies when
exposed to a zero gravity environment such as a space flight. It is also known that the slow
type I myosin heavy chain isoform is almost completely shut down in a model of hind limb
suspension and thyroid treatment. Although the effects are often apparent the causes are
usually poorly understood. However, it is absolutely necessary to understand the causes if we
want to be able to interfere and ultimately prevent the effects of zero gravity or hind limb
suspension on a muscle.

The soleus muscle in the leg is a slow muscle that mostly consists of slow type 1
fibers (endurance fibers). Expression of the slow type I myosin heavy chains (MHCs) is
almost completely shut down in the model of hind limb suspension (which simulates space
flight) and thyroid hormone treatment. The question is what makes the type I MHC turn off
in the T3 + HS model? It is known that the MHC I gene is regulated at various levels

including transcription factors, pre mRNA, altemative splicing, antisense RNA and
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intergenic transcription (2). Very little is known about whether epigenetic mechanisms also
regulate MHC expression in skeletal muscle with altered muscular activity.
It became my project to find out whether epigenetic modifications play a role in the
expression of the MHC type I genes in response to altered muscular activity and thyroid
treatment.
Relevance of Epigenetics

Until recently, chromatin has rarely been thought of as much more than just genomic
DNA and protein packaging. However, an emerging field in biological research over the past
decade, termed “epigenetics,” has given new-found respect to chromatin structure as being a
major player in the control of transcriptional activity and gene expression (2).
The term Epigentics means literally “above the genetics”. This indicates that there are
factors controlling the activity of genes (on and off switches of genes) that are not part of the
DNA sequence itself. Epigenetic modifications, unlike genetic mutations or single nucleotide
polymorphisms, do not result in changes in the DNA sequence. Instead, DNA structure is
indirectly modified by histone modifications (e.g. acetylation or methylation) to alter the
expression of genes. Histone modifications can be both transient, rapidly responding to
changes within the cell or surrounding environment, or stably maintained throughout life
when obtained in early or fetal life.

Histone acetylation can occur at many different lysine residues (e.g., lysine 4, 9, or
27), creating a negative electrostatic charge that repels the negatively charged DNA
backbone, thus producing a loosely packed chromatin that allows easier access for
transcription factors and the RNA polymerase complex to increase transcription, also
providing a site for recruitment of other proteins to the promoter region of a given gene.

Conversely, histone deacteylation results in a compact, tightly bound histone:DNA complex
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and general repression of gene transcription (2). The acetylation status of core histones is
based on the balance of histone acetyltransferase (HAT) and histone deacetylase (HDAC)
activity in the nucleus. Although it is known that changes in muscle activity can alter the
activity of HATs and HDACs there are no reports in the literature demonstrating that histone
modifications occur in skeletal muscle at the locus of the MHC genes and that they concur
with changes in MHC gene expression.

It became my project to study whether histone modifications at the MHC type 1 gene
are responsible for the almost complete shut down of the gene that occurs with hind limb
suspension and thyroid treatment of rat soleus muscle. The specific modifications of interest
included acetylations and methylations at specific lysine residues on the histone H3 protein
on the type I MHC gene. The way to study this is by chromatin immuno-precipitation assay
(ChIP assays).

Research methods

The animal model

In order to have tissue to work with for my project I had to obtain animals (rats). The
animals were divided into two groups of seven rats each. Group A is the untreated normal
control group while group B is subjected to hind limb suspension and thyroid hormone
treatment.

The animal model of hind limb suspension and thyroid treatment is well established in
the Baldwin lab and further described in appendix A and reference 1 of this report.

The sample pictures below illustrate the method.
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Rats in the experimental group are not allowed to use their hind limbs during the time of the
study which simulates weightlessness or a situation of complete unloading of the muscle
such as during a hospital stay for a broken leg bone.

Tissue Collection

After seven days of hind limb suspension and thyroid treatment the animals of both control
and experimental groups were sacrificed and tissues collected. All collected muscle tissues
were frozen at -80 °C and stored at that temperature until used for the experiments.

Please refer to appendix A for details of the animal and tissue collection procedures and
protocols. Below is a table that summarizes the tissues collected on 9-18-08. The study was

carried out twice with another 14 rats, each time with similar results and tissue harvest.
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Studied carried out to collect tissue for CHIP assay for Carola’s epigenetics GC vs. HS-T3 study.

Animals were euthanized on 9-18-08

GC= Ground Control

HS= hind limb suspension

GC

NP WN -

Averages

BW
168
165
177
168
184
198
189
171
178

7day treatment

HS + T3
1

~NOoO Ok WOWN

8
Averages

BW
167
133
160
164
150
131
145
142
149

BW = Body weight

T3 = thyroid hormone treatment by injection

MG = Medial Gastrocnemius

Left Left Left Right Right Right
Soleus Plantaris MG Soleus Plantaris MG
69 170 368 68 173 375
65 162 342 74 152 356
68 197 401 71 203 414
70 172 376 74 185 377
72 193 430 77 199 427
83 204 430 81 214 444
71 188 426 72 194 434
65 168 411 66 174 420
70 182 398 73 187 406
Left Left Left Right Right Right
Soleus Plantaris MG Soleus Plantaris MG
47 150 299 45 155 300
35 100 229 31 92 210
42 112 253 35 117 253
45 157 272 44 143 266
35 122 264 29 125 253
30 91 209 30 98 214
44 121 298 40 124 280
59 132 268 56 123 359
42 123 256 39 122 265

# 8 rat got out of its cast several times, not a good suspension. Therefore was not used for
data collection.

Summary of Tissue preparation

For each set of new experiments I selected 100 mg of frozen GC Soleus muscle and another

100 mg of frozen HS + T3 Soleus muscle (pool several muscles samples to get 100 mg).
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Following an elaborate procedure that involves cutting, washing, chemically cross-linking
protein and DNA, homogenizing and centrifuging the tissue samples the muscle cell nuclei
are being prepared for the chromatin immuno precipitation assay.

Additional steps before the ChIP procedure can be started involve sonication of the
protein DNA complexes to break them down into pieces of 200 — 1000 base pairs. To ensure
effectiveness of sonication, an aliquot of the supernatant is reverse cross-linked by incubation
at 65° C overnight, and RNAse treated. Then the protein is digested and run on a 2% agarose

gel to confirm size of DNA fragments to be between 200 and 1000 bp. A representative gel

picture is shown below:
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Another aliquot of the same sample is then used to measure the DNA concentration of
the chromatin-DNA. This is necessary because of the varied muscle mass to DNA ratio in
the three types of muscle samples analyzed. HS Soleus tissue is more enriched in DNA than
ground control Soleus. Therefore in order to equalize the starting DNA concentrations for
the ChIP assay SYBR green I is used to bind DNA. A Stratagene Mx3000p real-time PCR
machine is used in the quantitative plate read mode to accurately measure DNA
concentration, with thymus calf DNA (Sigma) used as a standard (1).

For more detail on the tissue preparation and analysis please refer to appendix D and
reference 1.

Chromatin Immuno-Preciptitation ChIP assay

The ChIP assay is an extremely involved multi-step procedure. Each step has to be
optimized and applied to the given tissue and study. The exact protocols including
preparation of all solutions, materials and equipment used are detailed in Appendix D and in
reference 1.

At the end of each ChIP procedure, the Chromatin-DNA complexes are eluted from agarose
beads and cross-links are reversed by incubation at 65°C overnight. Samples are then
RNAse A treated, protein is digested (proteinase K), and the DNA is purified by using a spin
column. Immunoprecipitated DNA for specific genes is then analyzed and quantified by
PCR. PCR primers used with ChIP samples are shown in the table below (1). The number of
PCR cycles and amount of ChIP DNA has to be adjusted so that the accumulated product is
in the linear range of the exponential curve of the PCR amplifications. PCR products are
separated by electrophoresis on agarose gels and stained with GelGreen. The ultraviolet
light-induced fluorescence of stained DNA 1is captured by a digital camera, and band

intensities are quantified by densitometry with ImageQuant software on digitized images.
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PCR primer sequences, their specific target, and PCR product size, for primers used for

ChIP of MHC genes.
PCR product
Target RT-PCR primers: 5°—3’
size (bp)
Fwd: GGCCTGGGCCTACCTCTTTATCC
Typel 286
Rev: TATTCAATTGGGGCACTCTTCGGGTGTAT
Fwd: ATCATTACCCCAAATATCACCCTATCC
ITa 323
Rev: GGCCCCAGATGCACATTACACTA
Fwd: TGCCACAGAAAGAGGGACGC
Ix 290
Rev: CTGGCTGTGGTGTGGCTGAAA
Fwd: AGGGAATAAATGTTAACTTGTTGACACTGG
IIb 218
Rev: GGGGGCGGGGCTAATGAAGC
Fwd: CACGCCCTTTCTCAATTGTCTTTCT
B-actin 225

Rev: GGCCATTTATCACCAGCCTCATTAG

With the ChIP assay, primers can be targeted to any genomic region. The histone

modifications H3ac and H3K4me3 have been shown previously to peak immediately

downstream of the transcription start sites of active genes (see ref 1, sub ref 6,13 and 51). A

preliminary analysis of these histone modifications in the MHC genes resulted in the same

conclusion. Thus, PCR primers were designed to target the second intron of each MHC gene

studied, which occurs before the translation start site (ATG) of each gene. This location

occurs at 1.1 to 1.4 kb from the transcription start site of the ~25kb MHC genes.

For each sample four ChIP assays were carried out in parallel reactions with

antibodies to H3ac, H3K4me3, core histone H3, and normal rabbit IgG. The latter serves as a

negative control for specificity of antibody binding. For analysis, the normal rabbit IgG IP
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signal was subtracted from the specific antibody IP signals. In all cases the normal IgG

precipitated negligible levels of DNA for the targeted genes analyzed. Then this value was

divided by the input DNA PCR signal, to correct for any differences in starting DNA

concentrations between samples, and for differences in DNA accessibility at the PCR-

targeted genomic sites (1). Please see reference 1 for more detail on this procedure.

A representative agarose gel showing the PCR products as the ultimate result of each ChIP

assay procedure is shown below:

PCR with Beta MHC 1156,1441 primers, 33 cycles for all samples, 57 deg., 286 bp
and Ilb MHC 1075, 1272 primers, 57 deg. 218 bp

e :
Input DNA

— i g o U A B e et

——

Sy

== GC1  GC2 T3HS1 TIHS2
[rasS—_ .

&

. )

o )

=

Q.

L0

o
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g Input DNA

T GC1 Gol2 TAHS1 T3HS-2

type | (beta) MHC PCR primers

gG Pan H3 Ao 5

GC T3HS GC T3HS© GC T3HS

type Ilb MHC PCR primers

19G Pan H3 Ac H3

6C T3ps |- GC" T3HS GC  T3HS

- e - -
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Statistical Analyses

Data are reported as mean + SEM. Differences between three muscle groups
(Plantaris, Soleus, HS Soleus) were analyzed using one-way ANOV A, with Newman-Keuls
post hoc test. Differences between two groups were analyzed using an unpaired t-test.

Statistical significance was set at P<(.05.

Summary of the Results

It is the nature of original research to explore the unknown and to move on to uncharted
territory without any guaranties for the outcome. Therefore, the above described methods and
protocols all had to be carried out multiple times to optimize each step for the best possible
results. Please refer to Appendix D for a complete record of all protocols, changes to
protocols and optimizations for each step.

In the Baldwin lab I was part of a research group studying the epigenetics of MHC isoforms.
Our results were collectively published in the American Journal of Physiology (July issue).
This original research paper of which I am a co-author is attached as appendix B. Since the
findings and results of our paper are highly relevant and important to the field, the editors of
the American Journal of Physiology decided to write an editorial focus paper about our
publication. This editorial focus article highlights the importance of the results of our
research study and is attached to my report as appendix C.

My contribution to the American Journal of Physiology paper is the comparison of ground
control soleus muscle versus hind limb suspended and thyroid hormone treated (HS + T3)

soleus muscle. A summary of my results is shown in the figure below.
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Repression of type I MHC with HS + T3. Hind limb suspension combined with
thyroid hormone treatment (HS+T3) results in virtually complete repression of type I MHC
transcription (Panel A and B in the figure above). This also resulted in a significant

reduction of both H3ac (Panel C) and H3K4me3 (Panel D) at the type I MHC.
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Histone H3 acetylation. The H3ac data shown is expressed relative to the core
histone H3, in order to account for variation in histone H3 occupancy between the different
muscle samples with differing rates of gene transcription. Histone occupancy is subject to
alteration depending on the transcriptional state of the gene, such that nucleosome occupancy
inversely correlates with transcription rate (1). When an inactivity model is imposed on the
slow soleus muscle transcription of the slow type I MHC is greatly reduced at the level of the
pre-mRNA and RNA (panel A and B above) and a faster MHC transcriptional pattern
emerges.

Histone H3 lysine 4 trimethylation. Similar to H3ac, H3K4me3 was highly enriched
at the second intron of the IIx and IIb genes in the fast plantaris relative to the slow soleus
muscle, which similarly corresponds with the transcriptional activity of these MHC genes in
each muscle type (1). H3K4me3 at the type I MHC also corresponds with type I
transcription, such that trimethylation is high in the ground control soleus as compared to a
significant reduction in the HS + T3 soleus muscle.

Histone modifications at f-actin gene. In order to validate the results of the ChIP
assays in determining the levels of enrichment of H3ac and H3K4me3 at the MHC genes, 1
examined the H3ac- and H3K4me3- ChIP DNA for another target gene, B-actin, which is less
prone to dynamic change. The B-actin gene is constitutively active in skeletal muscle, and its
expression is unaltered in HS soleus compared to ground control soleus. Thus, B-actin serves
as a control gene unaffected by HS (1).

For all the details on these results please refer to my research journal which is

attached as Appendix D.

26



References

1. Differential epigenetic modifications of histones at the myosin heavy
chain genes in fast and slow skeletal muscle fibers and in response to
muscle unloading. Am J Physiol Cell Physiol (April 15, 2009).
doi:10.1152/ ajpcell.00075.2009.

Pandorf CE, Haddad F, Wright C, Bodell PW, Baldwin KM.

A complete copyv of this publication is attached to this report as
Appendix B.

2. Novel epigenetic regulation of skeletal muscle myosin heavy chain
genes. Focus on ""Differential epigenetic modifications of histones at
the myosin heavy chain genes in fast and slow skeletal muscle fibers
and in response to muscle unloading"

Kevin A. Zwetsloot, Matthew J. Laye and Frank W. Booth
Am J Physiol Cell Physiol 297:1-3, 2009. First published Apr 29,
2009; doi:10.1152/ajpcell.00176.2009

A complete copyv of this publication is attached to this report as
Appendix C.

3. Effects of different activity and inactivity paradigms on myosin
heavy chain gene expression in striated muscle.
Baldwin KM and Haddad F. J Appl Physiol 90: 345-357, 2001.

27



Travel

FRANKFURT.de

|
4 § ., i

¥

. i o .

o 307 e T w2 ey Lo { L, L S e s RO s o

. [T G : et & Mt COE AR T AR T ey L I {
o e ”&Ehﬁmmﬁ%xm m.al-l‘:’i!'gﬂﬂ?:. e T e g e SR §ai

During the spring semester 2009 I travelled to Frankfurt, Germany.
This was a change from my original proposal of travelling to Munich, Germany. The change
of location was approved by the salary and leaves committee in January 2009.
Frankfurt is the most international city in Germany, the largest financial center in Europe, the
city of Goethe and the Frankfurt School. Since the city also plays host to many international
science and sports events it was the ideal location for me to further my studies of Physiology
at an intemational level.

In my travel plans I proposed to visit three places related to exercise physiology,
sports medicine and physiology of the heart. My experiences at each place / center and what I
learned at each of the events I attended are summarized below.
Program information, list of speakers and certificate of attendance letters
(“Teilnahmebescheinigung”) are attached as applicable to each place I visited.

References with relevant publications are also listed for further information.
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1. Exercise Science and Sports Medicine

The Goethe University Frankfurt has a large Department of Sports Science / Sports
Medicine. In addition there is a famous sports clinic in Bad Nauheim (near Frankfurt)
treating patients with sports related injuries.

Since I had just completed a research project on the epigenetics of skeletal muscle
gene regulation I became particularly interested in any sports science project or research
that would focus on environmental or even psychological factors affecting muscle (i.e.
athletic) performance. These could include particular exercise regimen as well as special
foods or diets aimed at enhancing muscle / athletic performance.

In my search for an expert in the field I met Martin Lobstedt who had just attended a
symposium of the Bundesinstitut fiir Sportwissenschaft (BISp) covering that topic. He is
a sports scientist and state trainer working for the Landes Sportbund (LSB) in Frankfuﬁ.
Since my research was of interest to him and his knowledge and experience was of
interest to me we formed a working relationship discussing the epigenetics of muscle
physiology and the implications for the training of top athletes in the various sports.

In several seminar style meetings our talks / discussions centered around ,,Talentdiagnose
und Talentprognose im Nachwuchsleistungssport”.

In particular I learned in these meetings:

e How talent in sports can be recognized and advanced.

e How the environment contributes to development of athletes.

e How sport science responds to advances in muscle physiology research.

e The relevance of diet in athletic performance

These discussions were valuable because they helped me to gain an understanding of how
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e sports scientists in Germany respond to research in the field of muscle physiology

o the knowledge affects their training plans

References:

The National Institute for Sports Science in Germany web site.

http://www.bisp.de/cln_090/sid 2D4CEOD246E0D6E00192487939E5196D/DE/Home/home
page node.html? nnn=true

All publications including the entire sports science symposium 2009 are listed here.

http://www.bisp.de/cln 090/nn_1181334/SharedDocs/Downloads/Publikationen/sonstice P

ublikationen Ratgeber/BISp  Symposium  2009.templateld=raw.property=publicationFil

e.pdf/BISp Symposium 2009.pdf
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2. Cardiac Physiology

The German Heart Center and the Heart Center of the Kerkhoff Klinik Bad Naueim
sponsored a Symposium on the heart called “Herzinsuffizienz — Update” which I attended on
June 6 2009. This was an all-day symposium which featured over 40 different speakers that
are all experts in the field of cardiology.
In particular I learned:
e About non-ischemia heart failure — new therapy approaches
e Heart failure with ischemia: therapy options in patients with acute heart failure and /
or cardiogenic shock
e Heart failure due to valve defect — patho-physiology, diagnostics and treatment
options
e Terminal heart failure: options for heart transplants and electro stimulation
e Each topic had case studies which were helpful for understanding and applying the
information given in the presentation.
e International comparison Differences in the diagnostic philosophies and resulting

treatment plans between Europe and the United States.
Overall this symposium focused only on the very latest information and technology

available in the field of cardiology. It was an excellent update for anyone teaching

anatomy, physiology and patho-physiology of the heart.
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Anerkannt nach § 10 der Fortbild: g durch die Land Nordrhein (sail April 2001), Bayem (seit Juli 2003) und Westfalen-Lippe {seit Juni 2005)

Teilnahmebescheinigung

Herr/Frau Dr. CaY‘O[O\ Wrﬁ ...................

Titel/Name/Vorname EFN

23 DCZCW\ 196"' l C,é(/ EFN

JEDOMEN @M ... S L T i e o rvom e o Mg e S ——
Datum
wohnhattin: . Schutten helm weg $1 | 60509 Frankfuvt [Maiv

Strate/Hausnr., PLZ, Ort

hat an der Fortbildungsveranstaltung zum Thema:
Herzinsuffizienz - Update 2009
Akademie-Veranstaltungsnummer: FGK - 09 - 06 - 06 - 24133
vom 08. Juni 2009 Beginn: 09:00 Uhr bis 06. Juni 2009 Ende: 17:00 Uhr

in Bad Nauheim teilgenommen.

) o B =

Die Veranstaltung wurde von der
Weiter- und Fortbildungs-Akademie ,Kardiologie* bewertet,
und ist im Rahmen der ,,Zertifizierung der drztlichen Fortbildung“
unter der Voraussetzung der vollstindigen Veranstaltungsteilnahme
durch die Landesarztekammer Hessen mit
8 Fortbildungspunkt(en) anrechenbar.

Bad Nauheim, 06.06.2009

Datum StempeUUnLerscnnn
» ‘Wissenschaftlicher Leiter

we  ¥2760602009044730000%

[Kategorie: A Fortbildungspunkt(en): 8 Zusatzpunkte: 0

Wir méchten ausdriickiich darauf hinweisen, dass %:nm nicht aufgekiebtem LAK-EFN-Barcode-auf der

Teilnenmerliste die automatische Ubermittiung der CME-Punkie durch den Veranstaiter an den IV
nicht vorgenommm, wearden Kann,

In diesem Fall miissen Sie diese Teiinahmebescheinigung direkt bel hrer Arztekammer einreichen.

Deutsche Gesellschaft fiir Kardiologie — Herz- und Kreislaufforschung e. V, ¢+ Achenbachstr. 43 » 40237 Disseldorf
Vorsland: Prol. Dr. Dr. h. ¢, Gerd Heusch (Président) ¢ Prof. Dr. Rainer Dietz (Slelivertreler) + Prof, Dr. Michael Béhm
Geschaftsfuhrer und besonderer Vertreter nach § 30 BGB: Dipl.-Math, Konstantinos Papoutsis

Sitz: Bad Nauheim + Eingelragen beim AG Friedberg unter VR 334 + Steuer-Nr: 105 5888 1351
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3. The ‘Excellence Cluster Cardio-Pulmonary System’

This is a cluster of public and private research facilities, departments and institutions of

the University Frankfurt, the Max-Planck Institute and affiliated organizations.

I visited several departments of the Univeristy and the Max-Planck institute and I

attended an all-day event sponsored by “dbgs Gesundheitsservices” which is a “Tochter

der IAS Institut fiir Arbeits- und Sozialhygiene Stiftung”.

Topics covered at the event were

Stress tests (measured by electro cardiograms) for children, athletes, adults and
elderly and the implications for physical fitness and ability to perform specific
work

Pulmonary function tests for children, athletes healthy adults and adults with
compromised lung function (e.g. smokers, asthma patients, cystiq fibrosis patients
etc.)

Sensory Physiology tests including hearing, seeing for the different age groups
and patients with deficiencies in seeing and hearing.

Drug testing including doping related drug testing.

The above topics and tests were covered in theory and in praxis with test patients. Copies of

some of the results are attached in Appendix E.

The “Teilnahmebescheinigung” (= certificate of attendance) is on the next page.

References with further content and publications can be found at:

http://www.dbgs.eu/content/

http://www.mpibp-frank furt. mpe.de/

http://www.klinik.uni-frankfurt.de/
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GesundheitsService

Ein Unternehmen der IAS-Gruppe.

dbgs GesundheitsService GmbH - Mainzer LandstraBe 181 » 60327 Frankfurt

Frau

Carola Wright
Schiittenhelmweg 51
60529 Frankfurt / Main

Dr. med. Uta Ziegler

Telefon (069) 265-25820
Telefax (069) 265-25826

uta.ziegler@ias-gruppe.de

23.4.2009

Teilnahmebescheinigung

Frau Carola Wright hat am 23. April 2009 an einer ganztagigen Veranstaltung der DBGS
teilgenommen.

Themeh der Veranstaltung waren die Durchfiihrung von Belastungs-EKGs und die Messung von
physiologischen Parametern (Lungenfunktionstests, Seh- und Horfahigkeit etc.) im Rahmen von

Sporttauglichkeitsuntersuchungen und Arbeitstauglichkeitsuntersuchungen.

Mit freundlichen Grien

Dr. med. Uta Ziegler
ndheitss
« B Gsl'ﬂ(fheﬂtszena-um Miﬂe’ vice &y b

xhurt
Tel.: 0691265-255!% o

Fax; 0697255- 258,

dbgs GesundheftsService GmbH Telefon (030) 297-33316 Sitz- Berdin Geschafsfuhrer: Bankverbindung:
Telefax (030) 297-33390 Amsgericht Charlottenburg Postbank Berlin

Schineberger Ufer 89-91 www.dbgs.eu HRB 81744 Amdt Kempen BLZ 10010010

10785 Bedin info@dbgs eu USt-IdNr: DE 813610938 Dr. med. Peter Wrogemann Konto-Nr: 150312107
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Another event sponsored by the University Frankfurt and the City of Frankfurt was the

International deutsche Turnfest 2009. This was a huge event across the entire city lasting for

one whole week with emphasis on sports, athletics (especially gymnastics) and health for all

ages. The catalog of events spanned over 200 pages with many topics related to exercise

physiology and sports science. Some international presentations included:

e Developing the Resource of youth sports: Gender, Opportunity and Public Health

e Health Sport: An effective concept of health promotion

e Growing together through sport: Reciprocal learning through sport with young

Muslim women.

I attended the International Turnfest in Frankfurt and visited many of the offered events in

various locations throughout the city. Most of the talks and exhibits were located at the

Messe Zentrum in Frankfurt (the fair complex).

A copy of one of my Turnfest tickets is below:

Verein Deutsche Turnfeste e V

TurnfestLIVE
Freitag, 05.06.2009

Frankfurl am see
IO, M Wik S, dur

bptrensneanles Ceitichos
* Turnfes) 2009 &

A%

TurnfestLIVE

Freitag, 05.06.2009

=
n
W
©
2
m_ = e e UL TS T
*=== Tageskarte - Freitag 22 g N
;——_ B> DI Messe Frankiurt
A———— ol Ludwig-Erhard-Anlage 1.
| s |
[ — Messe Frankiurt S e 60327 Frankfurt
Sammmm=  Ludwig-Erhard-Anlage 1, 60327 Frankfurt y ) _
== .'l masse frankiurt TageSkarte
n Barverkaut von VVK: AD ticket - Turrdest 2002
L3
O me— 10 30 i ahungatag ai 1 oy i1 gesaeron IMV-Gatant c
g_ :,é&‘ﬁé?’%%‘?if{“ﬁi:%nmg 1”?'"12;;11-3)2;':;}R:-;ngibssmmnungsr 1 1 '00 € 1100€
s www lurnfest de
d174 =
!

http://www.turnfest-congress.de/index.php
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Greetings

It is our pleasure to invite you to the Turnfest-Congress of the German
Gymastics Federation. The congress "Facing new Challenges: Education, Health
Promotion, Integration in Gymnastics and Sports" is to be held in Frankfurt,
Germany from June 4 -5, 2009. We are looking forward to a congress which
alms at international cooperation and scientific multidisciplinarity. It is intended
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day as qulde, adviser and translator.
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Conclusions

Summary:

Epigenetics is still an emerging field of study within the biological sciences. It is a
relatively new and different way of studying gene expression. The classic way of studying
gene expression includes reporter gene essays, transcription factor studies, promoter
analyses, protein-DNA binding studies etc. Before coming to Mt. SAC to teach I was
involved in these classic research approaches to study gene expression. In the past decade
much has changed in the field and new methods and approaches to study gene expression
have been developed.

This sabbatical project has given me the opportunity of getting once again involved
with cutting edge research in the field of cell physiology. During my time in the Baldwin lab
at UCI I learned about the field of epigenetics and how. ChIP assays can be used to answer
epigenetic questions. I was able to get first-hand experiences in applying the method to a
muscle physiology research setting. In addition to the research protocols, I learned how to
use advanced equipment such as a real time PCR machine and software programs for data
analysis such as GraphPad Prism, ImageQuant and Photoshop.

Within the time allotted for the research project I was able to generate original
research results that became part of an important peer — reviewed publication in the
American Journal of Physiology (see appendix B). The findings of this research study have
significant physiological relevance in skeletal muscle biology because they extend our
current understanding of the molecular mechanisms that regulate skeletal muscle remodeling

and MHC gene expression in muscle tissue with altered muscular activity.
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In addition, an editorial focus paper was written by leaders in the field of skeletal
muscle biology emphasizing the importance of the work (see appendix C). Their concluding
remark about the publication states: “Answering broad questions such as whether epigenetics
play a role in the regulation of other genes involved in skeletal muscle remodeling, and
further yet, whether epigenetic regulation is involved in muscle phenotypes with pathological
consequences, such as the failed regrowth of muscle from atrophy with aging, muscular
dystrophies, or cardiac myopathies, is beginning to come within reach thanks to studies such

as this one.”

Value of this project to the Applicant

I sincerely thank the Sabbatical and Leaves Committee and the Board of Trustees for
approving this sabbatical project. My sabbatical leave was a valuable and prolific break from
teaching and commuting. I updated my knowledge, participated in University laboratory
research and got creative in the research project I participated in. This new knowledge gives
me confidence in teaching my Physiology course at Mt. SAC and also made it easy to update
the Physiology course contents.

The travel component of my sabbatical further broadened my horizons and gave me
up to date insights into the fields of cardiology, exercise science and sports medicine at an
interational level. The value of international travel lies not only in the information received
but also in the interaction with people of a different culture and an inherently different way of
doing things. At the places I visited and the events I attended I learned a lot of factual
information about the various topics. In addition I learned about different ways of thinking

and presenting or studying a particular subject matter.
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Value of this project to the Biology Department

The Natural Sciences division at Mt. SAC has state of the art labs and new buildings.
As a faculty teaching in these labs and buildings I strive to provide state of the art instruction
and expertise for my students. This sabbatical project involving advanced research in the
field of muscle physiology provides both my students and my colleagues with a valuable
resource in a constantly evolving field. For example, the Biology department is offering a
new genetics course for the first time in the fall semester 2009. Several of my colleagues in
the department — especially the ones teaching in the area of cell and molecular biology and /
or genetics - are interested in hearing about my epi-genetics project and my research results.
Therefore, at our fall flex day I gave a presentation about my sabbatical project to my
colleagues.

My students have let me know many times how much they appreciate my references
to current research and how it motivates and inspires them. Specifically, I have updated my
lectures on muscle physiology (Anatomy 36, Human Physiology) to provide my students
with the most current knowledge in the field. I addition I have updated the lectures on cell
physiology of the anatomy 36 course to include information about epigenetics. In the
physiology laboratory I am providing students with information on how research is done in
the field of muscle physiology and how new information can be incorporated into student
laboratory exercises. Specifically, I show students how they can use and analyze data they
have collected during a laboratory in a way that creates a meaningful presentation or could be
used in a publication. As an additional exercise in my physiology laboratory course I have
included a group research presentation project where students are required to research a topic
of their choice (within the scope of Physiology) and present the information they have

collected in PowerPoint format to their class mates. The presentation is followed by
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questions from the audience and usually quickly reveals the depth of knowledge of the
presenters. This gives students a rare opportunity to present information they have collected
to others and defend their knowledge in front of a group.

In the near future I am planning to also teach the Biology 8 course (Cell and
Molecular Biology). This course requires frequent updates as new knowledge becomes
available and enters the text books. Since I am now up to date on some important advances in
the field I am very comfortable in including a new and updated section on our current
understanding of the mechanisms of epigenetics.

In addition to my updated knowledge in my field of expertise my students also benefit
from my international experiences. Many of my students have English as their second
language. Due to my own experiences of studying in a foreign country I can relate to their
difficulties in language and culture and help them to better understand and overcome the:

challenges they face.

Value of this project to the College

The mission of Mt. San Antonio College is to welcome all students and to support
them in achieving their personal, educational, and career goals in an environment of
academic excellence. My sabbatical project has given me the opportunity to get valuable
updates for the classes I teach. This supports the mission of Mt. SAC to provide academic
excellence.

In addition, one of the core values of Mt. SAC is to “respect and welcome all
differences, and to foster equal participation throughout the campus community”. The
campus community at Mt. SAC is very international with many students from diverse

cultural backgrounds. My travel in Germany has given me not only a knowledge update in
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my teaching area of physiology and cell biology but also a deeper understanding of different
cultures, different ways of thinking and different ways of life. This understanding of different
cultures is a value that is appreciated especially by my international students.

In conclusion, having faculty that stay current in their field through research and

education is a benefit to the reputation of the department and the college as a whole.
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Appendix A

Technical Detail for the Proposed Research Actvities

(This was also Appendix A of the original sabbatical proposal)



Appendix A:

Technical detail for the proposed research activities.

1. Gene regulation of the cardiac myosin heavyv chain genes.

Adult mammalian cardiac muscle expresses two genes encoding for myosin heavy chains
(MHC)s, which have been designated as o- and p MHC. The aMHC and PMHC genes are
members of the MHC multi-gene family in which each of the genes is expressed and highly
regulated in a muscle-type specific fashion. While aMHC is only expressed in the heart,
BMHC is expressed in the heart and is also the major myosin isoform expressed in slow
twitch skeletal muscle.

In the myocardium, the MHC isoform composition affects the physio-dynamics and
energetics of the working heart, which is of great physiological significance to cardiac
performance. The aMHC isoform is characterized by a higher ATPase activity, and faster
shortening speed than the § MHC isoform. Thus hearts rich in the o isoform have a high
intrinsic contractility, while those rich in the BMHC have a lower contractility, but a higher
economy of tension development. In the adult rodent, the o« MHC is the predominant isoform
expressed in the ventricles, accounting for ~85-90% of the total MHC protein pool, while the
B MHC accounts for the remaining 10-15%. In cardiac cells of different mammalian species,
the expression of the two MHC:s is developmentally regulated, and can be altered by a variety
of patho-physiological conditions including abnormal thyroid status, diabetes, and
hemodynamic overload.

Chronic hemodynamic overload as occurs in hypertension, is a complex physiological
stimulus that triggers significant changes in myocardial structure and function. The visible
changes include cardiac hypertrophy, which is expressed as an increased heart weight to
body weight ratio, while changes on the molecular level include altered phenotype
expression of specific cardiac genes that include several contractile and regulatory proteins.
For example, in the hypertensive rodent heart, BMHC gene expression is significantly
increased relative to normal control values. The up-regulation of f MHC gene expression in
hypertensive adult mammalian hearts has been well documented; however the molecular
mechanisms driving this up-regulation are poorly understood.

During my time as a graduate student in the Baldwin lab I was involved with this research
project which ultimately resulted in the publication of 3 peer reviewed journal articles and
my dissertation in the year 2000 with the title: In vivo characterization and activity of the
cardiac beta myosin heavy chain gene promoter.

Since then, significant progress has been made and the project has advanced in several areas.
Recent results show evidence for a novel mechanism of regulation of the o and § MHC
genes by naturally occurring antisense transcription. Pre-mRNA analysis of antisense f MHC
expression under pressure overload, altered thyroid state and in diabetes show direct
correlation (positively or negatively) with o and f MHC pre-mRNA expression. This
suggests that antisense RNA is involved in the coordination of cardiac myosin heavy chain
gene switching in various physiological and patho-physiological states of the heart.



While I am familiar with in-vivo gene expression studies in rodent heart using reporter gene
assays I will need to learn several new methods in order to catch on to antisense RNA

studies.
Some of the experimental procedures I would lilke to learn and participate in involve

amplification of o and f MHC intergenic DNA, pre-mRNA targeted PCR, 5’RACE PCR,
real-time PCR and RNA analyses.

2. Myosin heavy chain gene regulation in skeletal muscle

Skeletal muscle is highly adaptable when subjected to altered loading and hormone states. Its
size, metabolic makeup, and contractile properties can all be altered to optimize function.
Variability in contractile properties is mainly achieved by diversification in the myosin heavy
chain (MHC) protein, where different isoforms are encoded by distinct genes. Of this family
of eight MHC genes six are tandemly linked and span about 420 kb of DNA in the rat
chromosome # 10. The genomic order and orientation on the chromosomes of the MHC
genes are conserved in all mammalian species, leading researchers to suspect that this
organization might be an important feature in the strategy for the coordinated regulation of
these genes.

MHC gene expression is regulated at the transcriptional/pre-translational level. The isoform
profile is dynamically altered to confer optimal function inresponse to varying conditions. In
rodent muscle, loading conditions, motor neuron innervation and hormone states determine
the MHC profile that is expressed in a muscle fiber. For example, disuse, inactivity, lack of
innervation and hyperthyroidism result in a shift of the MHC profile from slow to fast MHC
isoforms. In contrast, increased loading state, electrical stimulation and hypothyroidism can
cause a shift to expression of slower MHC isoforms in fast muscle fibers. It is poorly
understood how this complex and apparently coordinated expression pattern is regulated.
Research in the Baldwin lab focuses on molecular mechanisms of gene switching. Current
research projects examine the role of antisense RNA in MHC gene regulation. The studies
are conducted using animal models (rats).

Methods to be used include preparation of the animal models, isolation of particular muscles
of interest. RNA analysis of muscle tissues, design of PCR primers. One-step RT-PCR,
quantitative Real-time RT-PCR, genomic DNA PCR, DNA sequence analysis and Statistical
analysis of the obtained data.

3. Prevention of unloading-induced muscle atrophy

Human skeletal muscle undergoes adaptive changes in both fiber size and contractile
properties in response to conditions of altered loading states. In studies on human subjects
exposed to space flight (zero gravity) or ground-based analogs such as bed rest or lower limb
unloading, it has been well established that both muscle mass and strength are significantly
reduced within as little as 5-7 days. These changes occur even when various types of exercise
are imposed. This is of practical importance because it drastically limits the time flight crews
can spend on space flights and makes it currently impossible to send astronauts on a mission



to Mars (which would require space travel of several months) or even to keep them for
extended time periods at the international space station.

NASA is very interested in research that is aimed at preventing this rapid muscle loss and
therefore has been supporting research projects in the Baldwin lab on this topic.

The Baldwin lab has demonstrated that an isometric resistance training program is effective
in stimulating muscle hypertrophy in ambulatory rats but is not effective in completely
preventing muscle atrophy during unloading. They have also demonstrated that combined
isometric, concentric and eccentric resistance exercise prevents unloading-induced muscle
atrophy in rats.

Current research projects are aimed at understanding the underlying mechanisms for the
changes in muscle structure and function that occur during unloading (or zero gravity). The
Baldwin lab is also working on exercise training programs that could be carried out on space
flights and would prolong the time astronauts could spend in a zero gravity environment.
These studies involve human subjects as well as animal models.

Methods include unilateral lower limb unloading, various resistance exercise protocols,
percutaneous muscle biopsies, molecular analyses of muscle tissues, RT-PCR protocols and
statistical analyses of the data.
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Recent advances in chromatin biology have enhanced our understand-
ing of gene regulation. It is now widely appreciated that gene
regulation is dependent upon post-translational modifications to the
histones which package genes in the nucleus of cells. Active genes are
known to be associated with acetylation of histones (H3ac) and
trimethylation of lysine 4 in histone H3 (H3K4me3). Using chromatin
immunoprecipitation (ChIP), we examined histone modifications at
the myosin heavy chain (MHC) genes expressed in fast vs. slow
fiber-type skeletal muscle, and in a2 model of muscle unloading, which
results in a shift to fast MHC gene expression in slow muscles. Both
H3ac and H3K4me3 varied directly with the transcriptional activity of
the MHC genes in fast fiber-type plantaris and slow fiber-type soleus.
During MHC transitions with muscle unloading, histone H3 at the
type I MHC becomes de-acetylated in correspondence with down-
regulation of that gene, while upregulation of the fast type IIx and IIb
MHCs occurs in conjunction with enhanced H3ac in those MHCs.
Enrichment of H3K4me3 is also increased at the type IIx and IIb
MHCs when these genes are induced with muscle unloading. Down-
regulation of Ila MHC, however, was not associated with correspond-
ing loss of H3ac or H3K4me3. These observations demonstrate the
feasibility of using the ChIP assay to understand the native chromatin
environment in adult skeletal muscle, and also suggest that the
transcriptional state of types I, IIx and Ilb MHC genes are sensitive to
histone modifications both in different muscle fiber-types and in
response to altered loading states.

hindlimb suspension; chromatin immunoprecipitation; in vivo; multi-
gene family

MUSCLE CONTRACTION PROVIDES the basis for all movements and
postural support in animals and humans. A broad range of
contractile intensities can exist in different muscle fibers,
primarily attributed to diversity in the motor protein myosin
heavy chain (MHC). Four isoforms of MHC (I, IIa, IIx, IIb),
each encoded by a distinct gene, can be expressed in adult
skeletal muscle. Intrinsic differences in the ATPase (and short-
ening velocity) properties of the MHC isofonms have led to the
classification of slow and fast fiber-types in muscle (5). For
example, slow type I MHC predominates in the soleus,
whereas fast IIx and IIb are the primary MHCs expressed in the
plantaris. The transcriptional products of the MHC genes are
also easily altered by perturbations to environmental stimuli,
such as altered mechanical loading (5, 16). DNA regulatory
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sequence, transcription factors, and other mechanisms that are
important in the transcriptional regulation of the MHC genes in
skeletal muscle have been studied; however, virtually no in-
formation is known about the role of chromatin remodeling at
these highly regulated genes.

Recent advances in the understanding of the dynamic nature
of DNA regulatory regions have highlighted the importance of
chromatin structure and associated histone modifications in
influencing gene expression. Numerous chromatin-bound pro-
tein complexes and their enzymatic activities have been iden-
tified, which can covalently modify certain histone sites that, in
turn, determine whether a specific gene will be transcribed or
not (28). Posttranslation modifications such as acetylation,
methylation, and phosphorylation to histone tails can exert
control on a given gene’s expression. The combination, se-
quence and extent of various histone modifications, referred to
as the histone/epigenetic code hypothesis, is proposed to result
in distinct functional consequences impacting various cellular
processes (35, 42). Of particular relevance in understanding the
regulation of the MHC genes is that these histone modifications
are predicted to ultimately result in varying degrees of tran-
scriptional activation or repression.

Histone hyperacetylation is correlated positively with ac-
tively transcribed genes (2, 22, 38). Acetylation alters the
charge of histone tails, and thus interaction properties of both
histone-DNA contacts within a given nucleosome, and also
internucleosomal contacts to result in relaxing of a compact
chromatin structure (10, 35) This enables access of compacted
DNA to different factors that promote transcription of the
coded gene. The activation of muscle-specific genes during
myofiber differentiation is dependent on the activities of en-
zymes that regulate histone acetylation, i.e., histone acetyl-
transferases (HATs) and histone deacetylases (HDACSs) (26).
Myogenic basic helix-loop-helix (bHLH) MyoD, Myf5, myo-
genin, and Mrf4 proteins and members of the MEF2 family of
MADS-box transcription factors bind to the regulatory regions
of muscle-specific genes to activate them (3, 7, 26, 37). These
muscle-specific proteins are reported to activate and repress
muscle-specific genes by associating with HATs and HDACs,
respectively, to control the acetylation state of histones during
differentiation (26, 37), and in an activity-dependent manner in
adult muscle (27, 44).

Several recent reports have provided evidence that indicate
that particular HDAC isoforms may act as nodal points of
control for skeletal muscle fiber-type phenotype in vivo by
mediating, via muscle-specific transcription factors, the expres-
sion of genes involved in the neuromuscular junction, metab-
olism (glycolytic vs. oxidative), and contraction (slow vs. fast)
(20, 33, 43, 44). A critical role for HDACs in the coordinated
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regulation of MHC genes has been demonstrated with various
manipulations to HDAC isoforms in both skeletal (20, 33, 44)
and cardiac muscle (21, 25). It is not clear where the effects of
manipulations to HDACs, which oppose the enzymatic activity
of HATSs, are mediated. Such effects could be mediated at the
level of signaling intermediates, at the level of transcription
factors (e.g., MEF2, myogenin) that bind the promoters of
MHC genes, at the level of the histones of the MHC genes
themselves, or at any combination of the above. Furthermore,
the acetylation state of signaling proteins and transcription
factors themselves may be altered in addition to the histones at
their promoters (41). In the present study we initiate a series of
experiments to examine the acetylation state of histone H3
(H3ac) of the MHC genes themselves.

In addition to H3ac, we examined trimethylation of his-
tone H3 at lysine 4 (H3K4me3). This histone modification
also is associated with active gene transcription (6, 28, 32,
36). Although the precise role for H3K4me3 marks has not
been fully characterized, H3K4me3 has been shown to be
coupled to transcription through the recruitment of effec-
tors, which are subunits of chromatin remodeling complexes
that are required for transcriptional competence (34). Re-
cruitment of effector proteins via H3K4me3 may also sta-
bilize the association of sequence-specific trans-acting fac-
tors/complexes with the chromatin template, and provide the
cell with a gene-specific regulated response (34). A high
correlation is observed in genome-wide analyses between
H3ac and H3K4me3 within the 5'-regions of active genes
(13, 38, 48). Recent reports have further demonstrated that
H3K4me3 may be a modification that serves as a target for
HATSs and HDACs (9, 15). Thus, genomic regions trimethy-
lated at H3K4 may be subjected to the opposing actions of
acetylation and deacetylation in a dynamic manner, such
that turnover of acetyl groups is high, thereby ensuring a
rapid transcriptional response to altered conditions.

Since the histone tail modifications H3ac and H3K4me3
have both been shown to occur at active genes, and may be
functionally interconnected with each other to recruit and
stabilize transcription complexes, we chose to focus on
these two modifications in the context of the four MHC
genes that have varying levels of transcription among its
members, and between muscles of different type as well as
different environments. To our knowledge, a survey of
histone modifications at MHC genes in skeletal muscle has
not been carried out. Therefore, we sought to determine
whether H3ac and H3K4me3 are differentially enriched at
MHC promoters in vivo in the following conditions: /) under
steady-state transcriptional states where the MHC genes in
different fiber types have a stable yet divergent MHC transcrip-
tion patterns, and 2) in response to altered mechanical loading
states, where transcription of the MHC genes become dynam-
ically altered.

We report that both H3ac and H3K4me3 enrichment at each
of the four MHC genes corresponds with transcript abundance
in the fast fiber-type plantaris (Pla) and slow fiber-type soleus
(Sol). A slow to fast fiber type shift in the Sol (i.e., with
unloading or unloading plus thyroid hormone) similarly in-
duced alterations to H3ac and H3K4me3 at the type 1, IIx, and
ITb MHC genes, but not the 1la MHC.

AJP-Cell Physiol - VvOL 297

METHODS

Animal procedures. Female Sprague-Dawley rats (140-150 g)
were used for all experiments. Animals were randomly assigned to
either control or hindlimb suspension (HS) groups (n = 7/group).
Control animals were housed in groups of four in a temperature- and
light-controlled environment (i.e., 12:12 h light-dark cycle). All ani-
mals in a given experiment were allowed food and water ad libitum,
and all procedures were approved by the Institutional Animal Care
and Use Committee. HS was carried out for 7 days, which was shown
in prior experiments to be sufficient to induce measurable alterations
in the endogenous MHC genes expression (authors’ unpublished
observations). Animals subjected to thyroid hormone treatment were
administered 150 wg-kg™'-day™' of triiodothyronine (Ts) by intra-
peritoneal injection. At the end of the experiment, rats were eutha-
nized and the muscles were rapidly removed, weighed, and frozen at
—80°C for later analysis.

Hindlimb suspension protocol. The HS model used employed a tail
traction method using a noninvasive tail casting procedure described
previously (46). The technique used a swivel hamess system incor-
porated into the casting materials, which was attached to a hook at the
top of the cage. The hook was adjusted to allow only the forelimbs of
the animal to reach the floor of the cage. Suspended animals were free
to move about the cage using their forelimbs to obtain food and water.

RNA analysis. Total RNA was extracted from frozen control
plantaris (Pla). control soleus (Sol), and from HS soleus (HS Sol)
using the Tri Reagent protocol (Molecular Research Center). Ex-
tracted RNA was DNase-treated using one unit of RQI RNase-free
DNase (Promega) per microgram of total RNA and was incubated at
37°C for 30 min followed by a second RNA extraction using Tri
Reagent LS (MRC).

RT-PCR was used to assess pre-mRNA and mRNA of target genes.
RT-PCR reactions were performed with the OneStep RT-PCR Kit
(Qiagen), where the RT and PCR are performed in a single reaction
tube, with some modifications to the manufacturer’s protocol, and as
described previously (31). This protocol has been optimized to avoid
amplification of nonspecific transcripts, which are known to be co-
amplified with pre-mRNA and mRNA transcripts, and can thus
preclude accurate measurement (14, 31). These one-step RT-PCR
analyses were performed using 10 ng to 200 ng total RNA and 15
pmol of specific primers in 25-p total volume and were carried out on
a Robocycler (Stratagene). Samples to be compared were run under
similar conditions (template amounts, PCR cycle numbers). RT reac-
tions were performed at 50°C for 30 min followed by 15 min of
heating at 95°C, followed by PCR cycling for a varied number of
cycles (20-32 cycles). The annealing temperature was based on the
PCR primers optimal annealing temperature. PCR primers used for
RNA analysis are shown in Table |. The amount of RNA and the
number of PCR cycles were adjusted so that the accumulated product
was in the linear range of the exponential curve of the PCR amplifi-
cations. PCR products were separated by electrophoresis on agarose
gels and stained with ethidium bromide. The ultraviolet light-induced
fluorescence of stained DNA was captured by a digital camera. and
band intensities were quantified by densitometry with ImageQuant
software (Molecular Dynamics) on digitized images.

Posttranscriptional control of mRNA steady-state levels can
occur at many steps after the synthesis of the initial pre-mRNA and
is subject to stability regulation (10). The pre-mRNA transcript
abundance serves as a better marker of a gene’s level of transerip-
tional activity than the mRNA because its half-life is much shorter.
The nuclear run-on assay is another method to quantitate a gene’s
transcriptional activity; however, in our hands it is a technically
unreliable measurement tool for the MHC genes, due to the
inability to detect outcomes with consistent fidelity. Moreover,
assessing the transcriptional activity of other genes by measuring
pre-mRNA with RT-PCR has been validated as an alternative to
the nuclear run-on approach (12).
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Table 1. PCR primer sequences, their specific target, and PCR product size, for primers used for RNA analysis

of MHC genes
PCR Product
Target RT-PCR Primers: 5'—3’ Size, bp

Type I pre-RNA Forward: CCTGGTCCTATGTGCCGATCTCTAACGA 215
Reverse: CGGTCCCCAATGGCAGCAATAAC

Type I mRNA Forward: GGAGCTCACCTACCAGACAGA 308
Reverse: CTCAGGGCTTCACAGGCATCC

Ila pre-RNA Forward: TGCTTCCCAATGCTGCCATATCTACAT 295
Reverse: TTCCTACTGCTTCCCTTGGTCTTGTCA

IJa mRNA Forward: CCTCTTACTTCCCAGCTGCACCTTCT 239
Reverse: ACTTTCCCTGCGTCTTTGCTCTGAAT

IIx pre-RNA Forward: TGCCACAGAAAGAGGGACGC 290
Reverse: CTGGCTGTGGTGTGGCTGAAA

1Ix mRNA Forward: ACGGTCGAAGTTGCATCCCTAAAG 263
Reverse: CACCTTCGGTCTTGGCTGTCAC

IIb pre-RNA Forward: GGCCATGCCAGCTAGCTTTTACG 270
Reverse: GCGTTTTGATTGGTGGAAGAGTCC

IIb mRNA Forward: AGCCTGCCTCCTTCTTCATCTGG 229
Reverse: CACGGTTGCTTTCACATAGGACTC

B-Actin Forward: CACGCCCTTTCTCAATTGTCTTTCT 225

Reverse: GGCCATTTATCACCAGCCTCATTAG

MHC, myosin heavy chain.

MHC mRNA isoform distribution. The MHC mRNA isoform dis-
tribution was evaluated by RT with oligo(dT)/random primers fol-
lowed by PCR with primers targeting the embryonic, neonatal, T, Tla,
TIx, and IIb MHC mRNAs, as described previously (11, 49). In these
PCR reactions, each MHC mRNA signal was corrected to an exter-
nally added control DNA fragment that was coamplified with the
MHC ¢DNAs using the same PCR primer pair. This approach pro-
vides a means to correct for any differences in the efficiency and/or
pipetting of each PCR reaction. A correction factor was used for each
control fragment band on the ethidium bromide-stained gel to account
for the staining intensity of the variably sized fragments (224 to 324
bp). as reported previously (11).

Tissue preparation. Frozen muscle tissue was minced, and then
washed in ice-cold PBS. All solutions were supplemented with pro-
tease inhibitors (leupeptin, AEBSF, and aprotinin, each at 1:1,000).
Minced tissue was then incubated for 10 min in 1% formaldehyde to
cross-link chromatin-DNA. Cross-linking was stopped by addition of
glycine to 0.125 M for 5 min. This solution was exchanged with cold
PBS, and then repeated a second time to remove all the formaldehyde.
Tissue samples were then homogenized in PBS (20 vol of the muscle
weight) with a Dounce homogenizer. The homogenate was then
pelleted by centrifugation at 1,500 g for 10 min. The pelleted muscle
tissue was resuspended in cold SDS lysis buffer (1% SDS, 10 mM
EDTA, and 50 mM Tris, pH 8.1). and sonicated (model VCX 130,
Sonics Vibracell) to fragment the DNA. Samples were centrifuged at
12,000 g for 10 min to remove insoluble material. To ensure effec-
tiveness of sonication, an aliquot of the supernatant was reverse
cross-linked by incubation at 65°C overnight, and RNase treated
(RNase A). Then the protein was digested (proteinase K) and then run
on a 2% agarose gel to confirm size of DNA fragments to be between
200 and 1,000 bp. This aliquot was also used to measure the DNA
concentration of the chromatin-DNA. This is necessary because of the
varied muscle mass to DNA ratio in the three types of muscle samples
analyzed. HS Sol tissue is more enriched in DNA than Sol, and Sol
has more DNA than Pla per unit muscle mass. Therefore, to equalize
the starting DNA concentrations for the chromaltin immunoprecipita-
tion (ChIP) assay, we used SYBR green I to bind DNA. A Stratagene
Mx3000p real-time PCR machine was used in the quantitative plate
read mode to accurately measure DNA concentration, with thymus
calf DNA (Sigma) used as a standard.

Chromatin immunoprecipitation. Approximately 25 g of DNA of
each muscle sample was used to perform chromatin immunoprecipi-

tation. Normal rabbit IgG (12-370) and anti- H3ac (06-599) was
obtained from Millipore (Billerica, MA). The H3ac antibody detects
diacetylation at lysines 9 and 14. Anti-histone H3 (ab1791) and
anti-H3K4me3 (ab8580) was obtained from Abcam (Cambridge,
MA). Chromatin was precleared with protein A/G agarose (Pierce,
Rockford, IL) by incubation for 30 min at 4°C on a rotating platform,
in a volume of 1 ml with ChIP dilution buffer (0.01% SDS, 1.1%,
Triton X-100, 1.2 mM EDTA, 16.7 mM Tris-HCI, pH 8.1, and 167
mM NaCl). After agarose removal by centrifugation, 1% of the
precleared chromatin was saved and used as input DNA. Antibody
was added to chromatin and incubated at 4°C with rotation for ~1 h.
Protein A/G agarose was added and incubated at 4°C with rotation for
~2 h, Three separate washes with low-salt buffer (0.1% SDS, 1%
Triton X-100, 2 mM EDTA, 20 mM Tris-HCI, pH 8.1, and 150 mM
NaCl) were then performed, followed by separate washes for 15 min
with rotation with the following buffers. High salt (0.1% SDS, 1%
Triton X-100, 2 mM EDTA, 20 mM Tris-HCl, pH 8.1, and 500
mM NaCl), LiCl [0.25 M LiCl, 1% Igepal-CA630, 1% deoxycholic
acid (sodium salt), | mM EDTA, and 10 mM Tris, pH 8.1], and two
separate washes with TE buffer (10 mM Tris-HCI, 1 mM EDTA,
pH 8.0).

Chromatin-DNA complexes were eluted (0.1 M NaHCOs , 1%
SDS) from agarose beads, and cross-links were reversed by incubation
at 65°C overnight. Samples were RNase treated (RNase A), protein
was digested (proteinase K). and DNA was purified by using a spin
column (Qiaquick PCR purification kit). Immunoprecipitated DNA
for specific genes was analyzed and quantified by PCR. PCR primers
used with ChIP samples are shown in Table 2. The number of PCR
cycles and amount of ChIP DNA was adjusted so that the accumulated
product was in the linear range of the exponential curve of the PCR
amplifications. PCR products were separated by electrophoresis on
agarose gels and stained with GelGreen (Biotium). The ultraviolet
light-induced fluorescence of stained DNA was captured by a digital
camera. and band intensities were quantified by densitometry with
ImageQuant software (Molecular Dynamics) on digitized images.

With the ChIP assay, primers can be targeted to any genomic
region. The histone modifications H3ac and H3Kd4me3 have been
shown previously to peak immediately downstream of the transcrip-
tion start sites of active genes (6. 13, 51). A preliminary analysis of
these histone modifications in the MHC genes resulted in the same
conclusion. Thus, PCR primers were designed to target the sccond
intron of each MHC gene studied, which occurs before the translation
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Table 2. PCR primer sequences, their specific target, and
PCR product size, for primers used for ChIP of MHC genes

PCR Product
Target RT-PCR Primers: 5'—3' Size, bp

Type 1 Forward: GGCCTGGGCCTACCTCTTTATCC 286
Reverse: TATTCAATTGGGGCACTCTTCGGGTGTAT

Ila Forward: ATCATTACCCCAAATATCACCCTATCC 323
Reverse: GGCCCCAGATGCACATTACACTA

153 Forward: TGCCACAGAAAGAGGGACGC 290
Reverse: CTGGCTGTGGTGTGGCTGAAA

1Ib Forward: AGGGAATAAATGTTAACTTGTTGACACTGG 218
Reverse: GGGGGCGGGGCTAATGAAGC

B-Actin Forward: CACGCCCTTTCTCAATTGTCTTTCT 225

Reverse: GGCCATTTATCACCAGCCTCATTAG

ChlP, chromatin immunoprecipitation assay.

start site (ATG) of each gene. This location occurs at 1.1 to 1.4 kb
from the transcription start site of the ~25 kb MHC genes.

For each sample, four ChIP assays were carried out in parallel
reactions with antibodies to H3ac, H3K4me3, core histone H3, and
normal rabbit IgG. The latter serves as a negative control for speci-
ficity of antibody binding. For analysis, the normal rabbit IgG IP
signal was subtracted from the specific antibody IP signals. In all
cases, the normal IgG precipitated negligible levels of DNA for the
targeted genes analyzed. Then this value was divided by the input
DNA PCR signal, to correct for any differences in starting DNA
concentrations between samples, and for differences in DNA acces-
sibility at the PCR-targeted genomic sites. Previous studies have
shown that variation in histone occupancy at different genomic
regions, or in response to varied gene activity, can lead to misinter-
pretation of histone modifications measured with ChIP (32, 51). This
is because nucleosome density inversely correlates with transcription
rate (23). Therefore, all data are expressed relative to core histone H3
ChIP results at each PCR-targeted genomic site.

Statistical analyses. Data are reported as means = SE. Differences
between three muscle groups (Pla, Sol, and HS Sol) were analyzed
using one-way ANOVA, with Newman-Keuls post hoc test. Differ-
ences between two groups were analyzed using an unpaired r-test.
Statistical significance was set at P < 0.05.

RESULTS

RNA transcripts of the MHC genes. The profile of pre-mRNA
and mRNA transcripts of the Pla, Sol, and HS Sol are shown in
Fig. 1. The unspliced pre-mRNA products (Fig. 1, A-D) show
congruency with the spliced mRNA products (Fig. 1, E-H)
when comparing expression level between the three different
muscle groups examined. Pre-mRNAs are the nascent, unproc-
essed, transcriptional products, and they serve as an indirect
measure of the level of transcriptional activity of the corre-
sponding gene.

The classification of fast and slow fiber types is illustrated by
the distinct expression of MHC transcripts in the Pla and Sol
(Fig. 1 and Table 3). As a percentage of total MHC, the fast
fiber-type Pla expresses a predominance of IIx and ITb MHC
mRNA, while the slow fiber-type Sol muscle expresses pri-
marily the slow type I MHC mRNA, and smaller proportion of
the fast Ila MHC (Table 3). Differential expression of the type
1, IIx, and IIb MHC between the Pla and Sol is also observed
in comparing the relative abundance of pre-mRNA and mRNA
between these two muscle types (Fig. 1). Expression of Ila
MHC pre- and mRNA is similar between the Pla and Sol (Fig.
1, B and F).
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With HS, the Sol is remodeled to a muscle more resembling
the fast Pla, where IIx and IIb MHC become strongly ex-
pressed (Fig. 1, C and D, and Table 3). Type I MHC is
downregulated in HS Sol as compared with Sol, although its
pre-mRNA is still transcribed in the HS Sol, indicating that the
type I MHC gene remains transcriptionally active after 7 days
of HS (Fig. 1A). Transcriptional products of IIa MHC are
significantly reduced in HS Sol as compared with Sol (Fig. 1,
B and F).

The proportion of the developmentally regulated embryonic
and neonatal MHCs is also shown in Table 3. Although
expression of the embryonic MHC is downregulated in HS Sol
compared with Sol as a percentage of total MHC (Table 3) and
at the absolute level of pre- and mRNA abundance (data not
shown), we have previously shown that it is not translated into
protein in adult muscle and therefore does not contribute to the
functional performance of the muscle (11).

Histone H3 acetylation. The H3ac data shown are expressed
relative to the core histone H3, to account for variation in
histone H3 occupancy between the different muscle samples
with differing rates of gene transcription. Histone occupancy is
subject to alteration depending on the transcriptional state of
the gene, such that nucleosome occupancy inversely correlates
with transcription rate (23). H3ac was assessed at genomic
regions of the second intron of each of the MHC genes.
Significant fiber-type differences in H3ac were observed at
each of the MHC genes with differential transcriptional ex-
pression between the slow Sol vs. fast Pla muscles (i.e., I, IIx,
and IIb; Fig. 2). The H3ac pattern in the type I, IIx, and IIb
MHC genes corresponds to its MHC expression profile (com-
pare Fig. 1 and Fig. 2). Thus, the fast Pla, which maintains an
abundance of IIb and 1Ix MHC, was highly enriched in H3ac at
both the IIb and the Ix MHC genes in contrast to the Sol. The
slow Sol has relatively little expression of the fast IIx and IIb
MHCs, and in correspondence to this expression the fast IIx
and ITb MHCs are deacetylated relative to the Pla. A reciprocal
pattern is observed in the slow type I MHC, where type I
mRNA expression is low in the Pla and highly abundant in the
Sol, and H3ac is similarly low in the Pla and relatively
enriched in the Sol. H3ac at the IIa MHC did not differ
significantly however, between the Sol and Pla, which corre-
sponds to the lack of difference in Ila MHC transcription in the
two muscle types. The directional shifts of mRNA and the
corresponding H3ac among the MHCs in Pla versus Sol are
summarized in Table 4.

‘When an inactivity model is imposed on the slow Sol muscle,
a faster MHC transcriptional pattern emerges (Fig. 1 and Table
3). The H3ac pattern was similarly altered for the type I, 1Ix,
and IIb MHCs. H3ac is more highly enriched in the IIx and IIb
MHC genes in HS Sol muscle as compared with Sol (Fig. 2, C
and D, respectively). Conversely, the type I MHC became
deacetylated in the HS Sol as compared with the Sol. In both
of these cases, MHC transcription positively corresponds with
H3ac (compare Fig. 1 and Fig. 2). However, H3ac in the Ila
MHC did not correspond with its transcription pattern. Tran-
scription of the Ila MHC is significantly decreased in the HS
Sol compared with Sol, while H3ac was unchanged with HS.
Thus, the directional shifts in types I, IIx and IIb pre-mRNA
and mRNA in HS Sol as compared with Sol correspond to that
of H3ac (see Table 4).
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Histone H3 lysine 4 trimethylation. Together with histone
H3 acetylation, we assayed the MHC genes for H3K4me3.
Similar to H3ac, H3K4me3 was highly enriched at the second
intron of the IIx and IIb genes in the Pla relative to the Sol,
which similarly corresponds with the transcriptional activity of
these MHC genes in each muscle type (compare Fig. 1 and

Fig. 3). H3K4me3 at the type I MHC also corresponds with
type I transcription, such that trimethylation is increased in the
Sol as compared with the Pla, where type ] MHC mRNA is
expressed at low levels. Upon induction of type IIb and IIx
MHC transcription, which occurs upon unloading of Sol, we
observed significantly increased enrichment of H3K4me3 at
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Table 3. MHC mRNA isoform distribution expressed as a
percentage of total MHC mRNA

I ITa Ix b Embryonic Neonatal
Pla 3% 12% 31% 54% 0% 0%
Sol 88% 4% 0% 0% 8% 0%
HS Sol 65% 0% 15% 18% 2% 0%

Pla, plantaris; Sol, soleus; HS, hindlimb suspension; n = 6 per group.

these genes in HS Sol as compared with Sol (Fig. 4). There
was no statistically significant difference in H3K4me3 in the
ITa MHC between the three muscle types studied or type I
MHC between the Sol and HS Sol (Fig. 4). The directional
shifts of mRNA and the corresponding H3K4me3 among the
MHCs in Pla versus Sol and HS Sol versus Sol are summa-
rized in Table 4.

Histone modifications at B-actin gene. To validate the re-
sults of the ChIP assays in determining the levels of enrichment
of H3ac and H3K4me3 at the MHC genes, we examined the
H3ac- and H3K4me3- ChIP DNA for another target gene,
B-actin, which is less prone to dynamic change, particularly in
response to unloading of Sol (Fig. 4). The B-actin gene is
constitutively active in skeletal muscle, and its expression is
unaltered in HS Sol compared with Sol (Fig. 44). Thus, B-actin
serves as a control gene unaffected by HS. ChIP analyses
showed that enrichment of H3ac and H3K4me3 at the 5'-
region of the B-actin gene also does not differ between Sol and
HS Sol (Fig. 4, B and C). The Pla had significantly greater
B-actin pre-mRNA expression than either Sol or HS Sol, and
this corresponded with the significantly increased enrichment
of H3ac although not H3K4me3.

Repression of type I MHC with HS + T3. Since there was a
lack of correspondence between H3K4me3 and type I mRNA
between Sol and HS Sol, we then determined whether an
alternative model, in which the type I MHC could be more
robustly repressed than HS alone, would result in a loss of
H3K4me3 enrichment at the type I MHC promoter. In a
separate experiment we found that HS combined with thyroid
hormone treatment (HS + Ts3) results in virtually complete
repression of type I MHC transcription (Fig. 5, A and B). This
also resulted in a significant reduction of both H3ac (Fig. 5C)
and H3K4me3 (Fig. 5D) at the type I MHC. Thus, the loss of
H3K4me3 at the type I MHC with more robust repression
indicates that HS alone likely resulted in insufficient repression
of type I MHC to alter H3K4me3.

DISCUSSION

As an initial survey of histone modifications involving the
chromatin of the MHC genes, we examined acetylation of
histone H3 and trimethylation of H3 lysine 4 in each of the four
MHCs expressed in adult rodent skeletal muscle. We compared
the extent of these chromatin modifications, previously shown
to positively correlate with gene activity, in three types of
muscle: fast versus slow fiber-type muscles together with
muscle unloading, which is shown to downregulate types I and
IIa MHC and upregulate types IIx and IIb MHC. We report that
enrichment of H3ac corresponds to mRNA abundance in the
type I, IIx, and IIb MHCs in each of the three muscle groups
(Pla, Sol, HS Sol). As the soleus myofiber is remodeled in
response to unloading, downregulation of the type I MHC

corresponds with deacetylation of histones, while upregulation
of the Ix and IIb MHC genes occurs in concert with enhanced
histone acetylation (see Table 4).

In comparing the fast fiber-type Pla with the slow fiber-type
Sol, mRNA/pre-mRNA abundance of each of the four MHCs
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Fip. 2. Relative histone H3 acetylation (H3uc) at MHC genes. A: type I MHC.
B: lla MHC. C: 1Ix MHC. D: 1Ib MHC. Bar graphs show means = SE of
chromatin immunoprecipitation (ChlP) analyses; » = 7/group. Histone H3
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METHODS. **All groups significantly different from each other (P < 0.05).
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Table 4. Swwnary of directional changes in mRNA
abundance and enrichment of H3ac and H3K4me3 in each
of the four MHCs in Pla and HS Sol as compared with Sol

MHC Gene Variable Assessed Pla versus Sol HS Sol versus Sol
[ mRNA ) &
H3ac Ll !
H3Kdme3 Ll s
Ta mRNA s N
H3ac s =
H3K4me3 S s
IIx mRNA ™" T
H3ac ™ T
H3K4me3 " 1
1Ib mRNA ™ 1
H3ac ™ i
H3K4me3 1 1

Directional arrows indicate directional change in indicated variable, relative
to control Sol. L1, highly decreased; 11, highly increased; 1. decreased; 1,
increased: =5, no change, H3ac, histone H3 acetylation; H3K4me3, trimethy-
lation of lysine 4 on histone H3.

corresponds with both H3ac and H3K4me3. This comparison
demonstrates that the fiber-type differences in MHC transcrip-
tion are linked to modifications at the level of the chromatin of
the genes that primarily define the fast vs. slow fiber pheno-
type. H3K4me3 is also increased in HS Sol as compared with
Sol in both the type IIx and IIb MHCs, appearing in corre-
spondence with the induction of these two genes that occurs in
HS Sol. An almost identical pattern of histone acetylation is
observed in the Pla to that seen in the HS Sol, when compared
with the Sol, although the directional change is more exagger-
ated in the Pla as compared with HS Sol (summarized in Table
4). The directional difference of mRNA/pre-mRNA is simi-
larly exaggerated in the Pla, indicating that the level of tran-
scriptional activity of the MHCs is reflected in the degree of
enrichment of epigenetic markers of gene activity.

The globin genes are another multigene family that under-
goes coordinated shifts in gene expression, in liver tissue. In
the fetal vs. adult stages of development, expression of the
globin genes switches in correlation with the level of histone
acetylation at the developmentally regulated globin genes (51).
Hyperacetylation of histone H3 was observed in the active
B-globin genes in adult tissue, while the inactive embryonic
globin genes exist in hypoacetylated regions (18, 51).
H3K4me3 also correlated with transcriptional activity across
the B-globin locus in cultured cells (19). We report that in
skeletal muscle, where MHC gene expression undergoes alter-
ations in expression during unloading, a similar pattern of
histone acetylation is observed. The IIx and IIb MHC, which
have very little transcriptional activity in the Sol, are relatively
hypoacetylated. Upon induction of the IIx and IIb MHC genes
in HS Sol, these genes become hyperacetylated. In the tissue
comparison between the Pla and Sol, differential patterns of
acetylation are also observed. The type I MHC is hyperacety-
Jated in the Sol relative to the Pla, while the opposite is
observed in the fast [Ix and IIb MHCs, i.e., the IIx and IIb are
hyperacetylated in the Pla relative to the Sol.

Given that the finding that relative enrichment of histone H3
acetylation at the type I, IIx, and IIb MHC genes corresponds
with each MHC’s respective expression level in each muscle
type examined, it is surprising that in HS Sol, where Ila MHC
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Fig. 3. Relative trimethylation of lysine 4 on histone H3 (H3K4me3) at MHC
genes, A: type | MHC. B: lla MHC, C: lix MHC. D: IlIb MHC. Bar graphs
show means = SE of ChIP analyses; n = 6/group. Histone H3Kdme3 is
corrected for core histone H3 occupancy, as described in METHODS. *Signifi-
cantly different from Sol (2 < 0.05). **All groups significantly different from
each other (P < 0.05).
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mRNA is significantly decreased compared with Sol, we did
not observe a corresponding deacetylation at the IIa MHC.
This suggests that transcriptional downregulation of the Ila
MHC is not dependent on histone deacetylation. Furthermore,
enrichment levels of H3K4me3 were also not changed at the
ITa MHC. This seeming contradiction may indicate an alterna-
tive regulatory mechanism for the lla MHC in unloaded slow
muscle. Indeed, as previously reported, antisense RNA is
transcribed across the Ila MHC and its promoter at signifi-
cantly increased levels in the inactive Sol (31). This antisense
RNA likely mediates transcriptional silencing of the Ila MHC
(31). Thus, the effect of the antisense RNA may negate the
need for a histone acetylation/deacetylation strategy to regulate
the Ila MHC in the unloaded slow myofiber. However, it is still
not clear by what mechanism the antisense RNA exerts control.
Preliminary ChIP analyses with histone modifications known
to repress transcriptional activity, H3K9me2, H3K9me3, and
H3K27me3 were not enriched at the Ila MHC gene in HS Sol

vs. Sol (data not shown). Perhaps, other histone modifications
or methylation of the DNA itself may mediate repression of Ila
MHC induced by antisense RNA.

The pattern of H3K4 trimethylation across the three muscle
types studied was similar to that of histone H3 acetylation for
the IIx and Ob MHCs, and followed the same pattern as
mRNA/pre-mRNA expression. In type I MHC there was a
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reduction in both mRNA and H3ac in HS Sol as compared with
Sol, but H3K4me3 was not correspondingly decreased. While
type I MHC pre-mRNA and mRNA were downregulated, the
gene is apparently not fully repressed, because transcripts
continue to accumulate, indicating that transcription is still
active and merely attenuated in HS Sol (see Fig. 1). This
suggests that H3K4me3 at the type I MHC is less sensitive to
the attenuated transcription than H3ac. To address this, we
examined H3K4me3 (and H3ac) under conditions where tran-
scription of the type I MHC is almost completely abolished.
This model, where HS is combined with thyroid hormone (Ts3)
treatment, resulted in a significant reduction in both H3K4me3
and H3ac at the type I MHC gene compared with Sol. This
suggests that the lack of differential enrichment of H3K4me3
in Sol and HS Sol is due to the maintenance of transcription
initiation of the type I MHC gene in HS Sol, albeit with
reduced transcriptional activity (i.e., pre-mRNA). This is con-
sistent with previously defined roles for H3K4me3 in transcrip-
tion initiation (13, 30).

H3K4me3 along with K36 methylation is implicated in a
regulatory phase before transcription elongation to ensure con-
trolled onset of transcription (30). This is supported by a whole
genome ChIP-chip approach in human cells, where H3K4me3
is shown to be associated with transcription initiation, but not
elongation (13). Furthermore, a H3K4me3-specific effector,
the bromodomain PHD finger transcription factor (BPTF), is a
subunit of nucleosome remodeling factor (NURF), a chromatin
remodeling complex which facilitates transcription (50). It is
proposed that H3K4me3 serves as a docking site for NURF,
recruited to promoters by sequence-specific transcription fac-
tors, which mediates transcription initiation via energy-depen-
dent disruption of nucleosomes (50). Given this role for
H3K4me3, it may not be surprising that this histone modifica-
tion is not diminished in the type I MHC of HS Sol, since
transcription initiation is still necessary. Conversely, expres-
sion is strongly increased in the IIx and IIb MHCs in HS Sol,
compared with Sol, and H3K4me3 is proportionally increased,
perhaps resulting in more frequent transcription initiation at
each gene and/or indicating that a greater number of myonuclei
are actively transcribing IIx and IIb MHC.

H3K4me3 has been shown to be positively correlated with
H3 acetylation using ChIP methods (13, 38, 48) and mass
spectroscopy (17, 45, 52). H3K4me3 and H3ac can also exist
on the same H3 tail (15, 17, 45). Hazzalin and Mahadevan (15),
in a series of experiments, show that all detectable H3K4me3
is targeted for rapid turmnover of acetylation at H3. Thus,
H3K4me3 may serve as a target for continuous acetylation and
deacetylation by HATs and HDACs (15). All of the MHC
genes in all of the muscle tissues examined had some degree of
both H3ac and H3K4me3. In response to 7 days of HS, the
slow soleus muscle is phenotypically remodeled, and we ob-
served induction of the IIx and ITb MHC genes. This corre-
sponds positively with both increased histone H3 acetylation
and trimethylation at H3K4. Upon repression of the type I
MHC with HS, histone H3 is deacetylated in HS Sol. These
findings are consistent with the model of rapid turnover of
acetyl groups at sites that are also trimethylated at H3K4.
Rapid turnover of acetyl groups may have important implica-
tions for genes with regard to their response to treatment with
HDAC inhibitors.
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Transcriptional therapies using HDAC inhibitors to influ-
ence skeletal muscle remodeling or to treat muscular dystro-
phies are being actively explored (4, 20, 29, 33). However,
there are functional implications to histones subject to dynamic
turnover of acetylation, as opposed to more stably enhanced
acetylation, which occurs when HDACs are inhibited (8, 9).
Hazzalin and Mahadevan (15) have demonstrated that the
opposing actions of HATs and HDACs are necessary for
normal expression of some genes. For example, upon treatment
of mouse fibroblasts with the HDAC inhibitor trichostatin A,
which allows the activity of HATs to be unopposed, the
induced expression of c-jun was inhibited, though the histones
of c-jun remained hyperacetylated (15). These results illustrate
the complex manner by which inhibitors of HDACs can influ-
ence gene expression, by resulting in either activation or
repression, depending on the target gene. As research
progresses in this area, it will be important to consider dynamic
turnover of acetyl groups in MHC chromatin and the potential
unintended consequences of unopposed acetylation at MHC
loci that may require dynamic turnover of acetylation for
proper regulation.

The fact the H3K4me3 and H3ac can occur on the same
histone tail, and are associated with active transcription, sup-
ports the emerging view of a histone code defined by multiva-
lent histone modifications. Multivalency may impart greater
specificity to the coactivators that recognize specific histone
modifications via bromodomains, which recognize acetylated
lysine, and PHD finger domains, which recognize H3K4me3
(35). Importantly, many chromatin-associated proteins have
been identified that contain both bromodomains and PHD
fingers (34). For example, one identified effector, BPTF, con-
tains the domains to recognize both histone marks (24). Fur-
thermore, multivalent binding may result in enhanced affinity
of such interactions, while remaining more dynamic than a
correspondingly tight monovalent interaction (35).

The role of histone methylation on gene transcription has,
until recently, centered on that of a highly stable histone
modification, with its primary role in the storage of epigenetic
information, and propagation of such information across cell
divisions as well as in epigenetic inheritance (1, 39, 47). Thus,
histone lysine methylation was thought to be primarily a
one-way process carried out by histone me