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Preface

Unlocking the role of RNA in biological cellular processes has proved to be more
challenging than perhaps many investigators had first believed would be the case.
However, it is also becoming apparent that, as the mysteries of RNA function are
revealed, greater rewards will be gained than had been imagined. While life is
indeed complicated, this book takes an approach to understanding life by examin-
ing it as a set of discrete, simple chemical reactions —the control of which generates
the complexity. In continuing with this theme of reductionism, RNA is particularly
amenable to in vitro analysis and, by isolating the RNA and asking questions in a
very controlled manner, the details of specifics relating to the catalysis, affinities
and mechanisms of RNA can be identified. As a result, major advances should be
achieved in our fundamental understanding of biology, and perhaps even greater
medical rewards can be gained.

RNA is fragile and complex in both its structure and function, and advanced
tools are required for the reliable capture, purification and analysis of its various
types. It is not the purpose of this book to provide a series of “cookbook” proce-
dures for RNA’s extraction, separation, and analysis; rather, it is intended as a
“tool book”, in which we describe the chemical principles that can be used as the
foundations for the various methods and tools used to investigate RNA. For that
reason, some examples are provided to illustrate the various concepts. By under-
standing these basic chemical concepts, and how to apply them in terms of the
way in which RNA can be manipulated, the biologist should be able to better use
the routine products and methods that are currently available, or perhaps develop
new techniques for coping with any new-found problems associated with RNA.

In this book, we have brought together the concepts of both biology and chem-
istry to describe what these tools are, and how they work. Some of the tools
described, such as spin columns and precipitation procedures, will already be
familiar to the biologist, as will the various procedures described for the different
types of RNA. Some other tools may be unfamiliar to the reader, however, and
consequently the potential of high-performance liquid chromatography is described
in detail, as are the basic instrumentation, the separation columns, and the means
by which these separations are controlled.
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The special instrumentation and columns required for RNA separations have
led to this technology being referred to as “RNA Chromatography”, with the
breadth of the subject being illustrated clearly by the many applications described.

So, we hope that this book will be used by biologists not only as a means of
expanding their arsenal of tools for RNA-based investigations, but also to help
them use these tools to great effect. With such techniques available it should, in
time, be possible to solve—in creative manner—the vast array of problems encoun-
tered in RNA-related research.

May 2009 Douglas T. Gjerde
Lee Hoang
David Hornby
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1
RNA Extraction, Separation, and Analysis

1.1
The Need to Be Able to Extract, Manipulate, and Analyze RNA

RNA is a powerful biological material. It is an active molecule that is directly
involved in performing or controlling many biological functions. Unlocking the
role of the various types of RNA present in biological cellular processes is critical
to developing new methods of diagnosis and understanding and treating disease.
New research is being reported daily that someday will lead to new drugs
or methods of treating disease. Indeed, some of the work is so promising that
it is hoped that a range of diseases will someday be effectively treated and cured.
In any case, understanding RNA and its function is one of the keys to understand-
ing life.

There are many different types of RNA, each of which carries out diverse and
important functions in the cell, as shown on the book cover and in Figure 1.1. The
need to extract and understand the roles of these RNAs is important not only for
an understanding of biology but also for developing therapeutics. This particular
figure was chosen as the book cover because it illustrates the complexity and
importance of RNA in functional mechanisms within the cell. To name a few,
RNAs have been shown to function in transcription (pri-RNA, mRNA), splicing
(snRNA), translation (tRNA, tmRNA), and post-transcription regulation (siRNA,
miRNA). Each type and function of RNA is described in Chapter 2 of this book,
while each pathway is discussed in more detail in Chapter 7.

Unlike DNA-which is quite rugged—RNA is transient. RNA is also fragile,
elusive, and difficult to recover. Proteins are expressed from DNA using RNA,
with the cell carefully controlling which proteins are active, largely through over-
seeing the synthesis and degradation of RNA. The expression of DNA through
RNA to produce new proteins could not be accomplished if the “old” RNA were
still present from previous expressions of proteins; consequently, the cells rou-
tinely remove the “old” RNA by degrading it with RNase enzymes. Unfortunately,
the RNase that is present for biological cellular function can also make RNA col-
lection difficult, and any procedure employed for such collection and use must
take this into account.
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1.2 Using Chemical Tools to Solve the Problem of Analysis of Biological Processes

Although many of these procedures have been described, it is not the purpose
of this book to provide “cookbook” methods for RNA extraction, separation, and
analysis. Yes, there is a multitude of kits available for RNA, and there is also a
place for cookbook procedures, as these can free the researcher to use kits for what
is tedious and automatic and allow them to design experiments that are of real
interest. The danger lies in when a kit does not exactly fit the research problem at
hand, or may not even be available. While it may be possible to modify an existing
kit to do the job, that will not be possible if the investigator does not understand
the chemistry employed in the kit, or how the chemistry can be controlled, manip-
ulated, and optimized to fit the situation.

In this book, we describe the chemistry that is used in the various methods and
tools. By understanding the basic chemical concepts, and how they apply to the
way in which RNA is manipulated, the biologist will be able to better use
the routine products and methods that are currently available on the market. The
purpose of this book is also to provide a working knowledge in the context of
the types of samples, types of RNA, what is important, and how to accomplish the
various tasks through a basic chemical knowledge of the separation and analysis
systems. With this information, it is possible for the biologist to make adjustments
to fine-tune a product or procedure to a particular research need, or to develop
entirely new procedures and methods to fit the problem at hand.

1.2
Using Chemical Tools to Solve the Problem of Analysis of Biological Processes

The types of RNA chemicals tools described in this book are concerned with:
(i) solid-phase extraction; (ii) liquid chromatography; and/or (iii) chemical reagents,
including enzymes. Both, RNA solid-phase extraction and RNA separation by
liquid chromatography operate on similar principles—that is, an interaction of the
RNA molecules with the solid-phase surfaces, or within functional groups in the
extraction or chromatography media. The surface chemistry of the media can be
quite similar—or even exactly the same—in the two cases. Both technologies
operate on similar methods of chemical interaction of RNA with the surface.
Moreover, both of the methods used to control this interaction and collect working
amounts of RNA material are similar.

Part of the difference between solid-phase extraction and liquid chromatography
relates to whether classes of molecules are separated, or whether higher-resolution
separations are performed on individual molecules. Whereas, solid-phase extrac-
tion can be used to extract a particular type or class of RNA, chromatography can
be used to separate classes or individual molecules. Nevertheless, both technolo-
gies operate on similar methods of chemical interaction of RNA with the surface.
The methods used to control this interaction and to collect working amounts of
RNA material are also similar.
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1 RNA Extraction, Separation, and Analysis

1.3
The Principle of Chromatography and Solid-Phase Extraction

1.3.1
Principle of Chromatography

The Russian botanist Mikhail Tswett coined the term “chromatography” in 1903,
the name being derived from the Greek words “chroma” and “graphein”, meaning
“color” and “writing” [1]. Tswett described a method for the separation of pigments
found in plant leaves by using an open tubular column filled with a dry solid
adsorbent of granular calcium carbonate (chalk). To the top of the chalk column,
he added an extract of plant material containing its pigments. He then washed the
chalk with an organic solvent, which began to flow down through the column by
gravity. As the solvent was added to the top of the column, it carried the mixture
of plant pigments down the column. Then, as the washing continued, the various
pigments began to separate into a series of discrete colored bands, each of which
was found to contain a single pigment from the original mixture. Tswett continued
to add solvent, so that gradually the regions between the bands became entirely
free of pigments and, after a while, all of the bands had been resolved or separated.
Tswett then stopped adding the solvent, waited for the solvent to stop dripping,
and finally pushed the moist chalk material out of the tube as an intact cylinder.
Each pigment could be recovered by cutting the bands apart with a knife and
extracting each individual band with an appropriate solvent.

Tswett called this process “chromatography”, and was the first to recognize that
the separation process was based on a general principle. This was the relative
degree by which compounds in solution were either adsorbed to a stationary solid
phase of the column or dissolved in the liquid mobile phase. Depending on the
liquid phase, a particular compound can partly adsorb to the solid stationary phase
and partly dissolve in the liquid mobile phase. Since each compound’s affinity for
the column is likely to be different, the compound will be carried through the
column by the solvent, and the rate that a compound moves down the column will
depend on how tightly the compound sticks to the column, or how well it is dis-
solved in the mobile phase. As the mathematical equations developed later in this
book will show, the rate of travel of any one compound is proportional to the ratio
of the amount of compound in solution divided by the amount of compound
adsorbed on the column, for any given solvent.

This elution process of washing the compounds down the column continues
until all components of the mixture are separated (Figure 1.2). Thus, the com-
pounds which compose a mixture can be separated based on how each compound
differs in its attraction to the stationary phase or the mobile phase. When a mixture
of compounds is applied to the top of a column and washed down the column,
there are some compounds in the mixture that do not “like” the mobile phase but
rather “like” the stationary phase and so stick tightly or adsorb to the column
material. These compounds either stay on the column indefinitely, or are eluted
very slowly from the column. Other compounds that “like” the mobile phase and
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Figure 1.2 The liquid chromatography
separation process. (a) The first step is to
condition or equilibrate the column to the
desired start pH, buffer and/or solvent
conditions which ensure that the compo-
nents are adsorbed into the column.

(b) The components of a mixture are added
as a concentrated aliquot to the top of the
column. (c) Adding eluent to the top of the
column starts the separation process. Some
components will travel through the column

faster because they are solvated by the eluent
and interact less with the column packing.
Other components interact more strongly
with the packing and travel more slowly
through the column. Eluent is added from
time to time so that the column is not
allowed to become dry (the solvent level
should not be allowed to fall below the top
of the column bed. (d) Component 1 (circles)
is eluted and collected. (e) Component 2
(squares) is eluted and collected.

do not adsorb or stick tightly to the stationary phase will travel down the column
and be eluted more quickly.

1.3.2
Mobile Phase Gradient Controls Elution

It is quite easy to adjust and control the rate of travel of a compound through a
column. The RNA that elutes from a column can be detected by ultraviolet absor-
bance and recorded either on a chart recorder or electronically. The assessment of
the separations involves an analysis of the peaks. Changing the mobile phase to
a solvent that does not dissolve the compound as well as the previous solvent
will slow the rate of travel of the compounds through the column and improve
the separation, albeit at the expense of taking longer to perform the separation.
Conversely, a stronger mobile phase will speed up the movement, but (perhaps)
at the expense of some of the peaks running down the column together and
coeluting.



