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This book is dedicated to my good friend Ronald Cicinelli, who is now a retired vice-president of The
Chase Bank. In our 40 years of friendship, I have witnessed his dedication to family and friends. Ron
brings a unique combination of strength and kindness to every personal interaction. I have been hon-

ored to know him for all these years. His life has been and continues to be, a “high-yield” life.

This book is also dedicated to my godson Alec Ronald Walker; born April 28, 2005. Alec joins a
remarkable and loving family of parents Tim and Laura, sister Gabriella, and brother Brandson. Alec
will certainly be given all the guidance necessary for a successful life, which will give me great joy to
witness. My admonishment to my dear godson is to remember: “To whom much is given, much is

expected.”




The impact of molecular biology today and in the future cannot be underestimated. Gene therapy
and cloning of sheep are explained and discussed in the daily newspapers.

The clinical and etiological aspects of diseases are now being explained at the molecular biology
level. Drugs are being designed right now by various pharmaceutical companies to impact molec-
ular biological processes in the treatment of disease (cancer, obesity, etc.). Molecular biology will
be increasingly represented on the USMLE Step 1. One of my main concerns in writing this book
was NOT to write a review of basic molecular biology but to write a book that addressed molecular
biology from a clinical perspective that would be useful and necessary for our future physicians. 1
was greatly assisted in this matter by two medical students who took an unsolicited interest in
“High Yield Cell and Molecular Biology” third edition because they appreciated the growing im-
portance of molecular biology for the future physician. In this regard, I would like to acknowledge
the significant contribution of Mr. Jonah Cohen, a third—fourth-year student at the Brown Medical
School and published cancer researcher in NF-kB signal transduction, and Mr. Fateh Bazerbachi, a
third-year student at Damascus University School of Medicine (Syria). Jonah Cohen was especially
helpful in limiting the scope of material to hone in on the most clinically relevant issues and elim-
inating some far-reaching material that was included in the second edition. Fateh Bazerbachi was
especially helpful in identifying new information and clarifying some difficult areas to understand.
I found their assistance to be very helpful and it should benefit all my readers.

How will medical schools teach the clinical relevance of molecular biology to our future physi-
cians? Medical school curricula are already filled with needed and relevant “traditional” courses.
Where will the time needed to teach a molecular biology course be found? I suspect what will hap-
pen is that many of the "traditional” courses will extend their discussion of various topics down
to the molecular biology level. This approach will work, but it will in effect make molecular biol-
ogy somewhat disjointed. The student will learn some molecular biology in a biochemistry course,
some in a microbiology course, and some in a histology course, etc. The problem this presents for
students reviewing for USMLE Step 1 is that molecular biology information will be scattered among
various course notes.

The solution: High Yield Cell and Molecular Biology, third edition. In this third edition, 1 have
consolidated the important clinical issues related to molecular biology that are obvious “grist-
for-the-mill” for USMLE Step 1 questions and included many of the insightful suggestions of my
readers and reviewers. It is my feeling that “High Yield Cell and Molecular Biology” will be of
tremendous benefit to any serious review for USMLE Step 1. Please send your feedback, comments,
and suggestions to me at dudekr@ecu.edu for inclusion into the next edition.

Ronald W. Dudek, PhD
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The Biochemistry of Nucleic Acids (Figure 1-1). A nucteoside consists of a

nitrogenous base and a sugar. A nucleotide consists of a nitrogenous base, a sugar, and a
phosphate group. DNA and RNA consist of a chain of nucleotides, which are composed of
the following components:

A. NITROGENOUS BASES

1. Purines
a. Adenine (A)
b. Guanine (G)

2. Pyrimidines
a. Thymine (T)
b. Cytosine (C)
¢. Uracil (U) which is found in RNA

B. SUGARS
1. Deoxyribose
2. Ribose which is found in RNA

C. PHOSPHATE (PO,37)

A | Nitrogenous Bases |
I Purines —I I Pyrimidines—]
i i i i i
29 N O N =5 PN PAaN
N7 AeAN N AN N3 5 HN' 5 HNg 5 C-H,
Lo Loa s Lo LTl
9 9
Ny N HNTT TN 07\ 0T NN 0T N
H H H H H
Adenine (A) Guanine (G) Cytosine (C)  Uracile (U)  Thymine (T)
Phosphate
G
0—P—0O"

Ribose Deoxyribose

@ Figure 1-1 (A) Structure of the biochemical components of DNA and RNA (purines, pyrimidines, sugars, and phos-
phate). (continued)
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@® Figure 1-1 (Continued) (B) Diagram of a DNA polynucleotide chain. The biochemical components (purines, pyrim-
idines, sugar, and phosphate) form a polynucleotide chain through a 3’,5’-phosphodiester bond. If a piece of DNA con-
tains 20% thymine, how much guanine does the piece of DNA contain? If the piece of DNA contains 20% thymine,
then the piece of DNA will contain 20% adenine which equals 40% (thymine and adenine). The remaining 60% will
consist of cytosine and guanine which are paired. Consequently, the piece of DNA will contain 30% guanine. A good
mnemonic to remember which nitrogenous bases are purines is Pure As Gold (Adenine and Guanine are Purines).

€ Levels of DNA Packaging (Figure 1-2)

A. DOUBLE HELIX DNA

1. The DNA molecule is two complementary polynucleotide chains (or DNA strands)
arranged as a double helix which are held together by hydrogen bonding between
laterally opposed base pairs (bps).

2. DNA can adopt different helical structures which include: A-DNA and B-DNA
which are right-handed helices with 11 and 10 bps per turn, respectively, and Z-
DNA which is a left-handed helix with 12 bps per turn.

3. In humans, most of the DNA is in the B-DNA form under physiological conditions.
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B. NUCLEOSOME (Figure 1-2)

1. The most fundamental unit of DNA pack-
aging is the nucleosome. A nucleosome
consists of a histone protein octamer (two
each of H2A, H2B, H3, and H4 histone
proteins) around which 146 bps of DNA
is coiled in 1.75 turns. ® Figure 1-2 Nucleosome.

2. The nucleosomes are connected by spacer
DNA, which results in 10-nm diameter
chromatin fiber that resembles a “beads on a string” appearance by electron mi-
croscopy. Figure 1-2 shows an electron micrograph of DNA that was isolated and
subjected to treatments to unfold DNA into a 10-nm diameter chromatin fiber. The
globular structure (“bead”; arrow 1) is the nucleosome. The linear structure
(“string”; arrow 2) is spacer DNA.

3. The 10-nm diameter chromatin fiber is the first DNA structure that an endonucle-
ase attacks in an apoptotic cell.

4. Histones are small proteins containing a high proportion of lysine and arginine
that impart a positive charge to the proteins that enhances its binding to negatively
charged DNA.

5. Histone acetylation reduces the affinity between histones and DNA. An increased
acetylation of histone proteins will make a DNA segment more likely to be tran-
scribed into RNA and hence any genes in that DNA segment will be expressed (i.e.,
T acetylation of histones = expressed genes).

6. Histone methylation of lysine and arginine by methyltransferases also occurs.

C. 30-NM CHROMATIN FIBER

1. The 10-nm nucleosome fiber is joined by H1 histone protein to form a 30-nm
chromatin fiber.

2. During interphase of mitosis, chromosomes exist as 30-nm chromatin fibers or-
ganized in a primary loop pattern called extended chromatin (~300-nm diame-
ter). The extended chromatin can also be organized in a secondary loop pattern
as seen in condensed metaphase chromosomes. (Note: when the general term
“chromatin” is used, it refers specifically to the 30-nm chromatin fiber organized
as extended chromatin).

D. COMPACTION (Figure 1-3). During metaphase of mitosis, chromosomes can become
highly compacted. For example, human chromosome 1 contains about 260,000,000
bps. The distance between each base pair is 0.34 nm. So that the physical
length of the DNA comprising chromosome 1 is 88,000,000 nm or 88,000 pwm
(260,000,000 X 0.34 nm = 88,000,000 nm).

During metaphase, all the chromosomes con-

dense such that the physical length of chro- | "

mosome 1 is about 10 pm. Consequently, the o

88,000 wm of DNA comprising chromosome Wm
1 is reduced to 10 pm, resulting in a 8800-

8800 - fold

fold compaction. Figure 1-3 shows double compaction
helix DNA of chromosome 1 that is unrav-
eled and stretched out measuring 88,000 wm LD

in length. When chromosome 1 condenses

as occurs during mitosis, the length is re-
duced to 10 wm. This is a 8800-fold com- chramosoms 1
paction. ® Figure 1-3 Chromosome Compaction.



