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Notice

Medicine is an ever-changing sclence As new research and climicat experience
broaden our knowledge, changes i treatment and drug therapy are required. The
authors and the publisher of this work have checked with sources believed 10 be
reliable m their efforts to provide mlonnation that 15 complete and generally in
accord with the standards accepted at the nme of publication However. in view of
the possibility of human ervor or changes 1n medical sciences, neither the authors
nor the publisher nor any other party whoe has been involved m the preparation or
publicanon of this work warrants that the mformation contamed herein is in every
respect accurate or complete, and they disclaim all responsibiluy for any errors or
omissions ot for the results obtamed from use of the informanion contained in this
work Readers are encouraged to conlirm the information contamed herein with
other sources. For example and in particular, readers are advised to check the prod-
uct mformation sheet included in the package of each drug they plan to administer
to be certan that the informaton contained m this work is accurate and that
changes have not been made i the recommended dose or in the contraindications
for administravon. This recommendarion is of particular importance n connection
with new or infrequently used drugs.



Preface

This new edition of Brochemistry and Genetics PreTesi®: Self-Assessment and
Review is based in part on the earlier biochemistry editions prepared by
Francis J. Chlapowski, Ph.D., Deparument of Biochemistry and Molecular
Biology, University of Massachusetts Medical School. All questions are now
in single-best-answer formart and a large number are analogous to those of
the United States Medical Licensing Examination (USMLE). Part 1 Ques-
ttons are updated to the most current editions of leading textbooks 1n med-
ical biochemustry and medical genetics

vii




Introduction

B L PRTSTIN L LT L

Each PreTest® Self-Assessment and Review allows medical students to com-
prehensively and conveniently assess and review their knowledge ol a par-
tcular basic science, in this mnstance biochemustry. The 300 questions
parallet the [ormat and degree of difficulty of the questions found in the
United States Medical Licensing Examuination (USMLE}, Step 1 Appendix
1 lists the major subject areas of the biochemustry, genetics, and nutriven
portions of the USMLE Step } content outhne together with questions in
ihis book that cover those areas. Pracucing physiclans who want to hone
their skills before USMLE Step 3 or recertificanon may ind this o be a
good beginming 1n ther review process.

Each question is accompanied bv an answer, a paragraph explananon,
and a specihc page reference 10 an approprnate texthook. Over 20 reference
figures have been added ro help with review, and there are an additional 40
figures geared to specific questions A bibliography listing sources can be
tound following the second appendix of this text. and a hst of abbreviations
used in the text follows this introduction As listed 1 Appendix 2, over 100
clinical disorders or processes are discussed and related to biochemical
and/or genetic mechamsms. For genetic disorders. a McKusick number 1s
included that allows the reader to immediately access information about
the dsorder using the Online Mendelhan Inheritance in Man Internet site
(see Lhe ibliographv}.

An effective way to use this PreTest® 1s to allow yourself one munute to
answer each question in a given chapter. As you proceed, indicate your
answer beside each question. By following this suggestion, you approximate
the time limits imposed by the USMLE Step 1 exarmmation. After you finish
going through the questions in the section, spend as much time as you need
verifying your answers and carefully reading the explanations provided. Pay
special attention to the explanations for the questions you answered incor-
rectly—but read every explanation. The authors of this matenal have
designed the explanations to reinforce and supplement the informanon
tested by the questions. 1f you feel vou need further information about the
material covered, consult and study the text or onlne references indicaled.

The High-Yield Facts in this book are provided (o facilitate rapid
review of biochemistry and genetics, It 1s anticipated that the reader will
use the High-Yield Facts as a “memory jog” before proceeding through the
questions,



Abbreviations

ACAT
ACTH
ADP
AMP
ATP
ATPase
CAP
CDP
CMP
CoA
cyclic AMP

DHAP
DNA
DNP
DPG
dTMP
dUMP
EF

FAD (FADH)
FMN
F5H
GDP
GMP
GTP
hCG
HDL
HGPRT
HMG CoA
hnRNA
IDL
IMP

1P,
LDH
DL
1H

acy! CoA-cholesterol acyl transferase

adrenccerticotropic hormone

adenosine diphosphate

adenosine monophesphate

adenosine triphosphate

adenosine triphosphatase

catabolite activator protein

cytidine diphosphate

cytidine monophosphate (cytidylic acid)

coenzyme A

adenosine 3",5’-cyclic monophosphate (3°,5"-cyclic
adenylic acid)

dihydroxyacetone phosphate

deoxyribonucleic acid

2,4-dinitrophenotl

diphosphoglycerate

deoxythymidine monophosphate

deoxyuridine monophosphate

elongarion factor

flavin adenine dinucleotide (reduced form)

flavin mononuclectide

follicle-stimulating hormone

guanosine diphosphate

guanosine 5-monophosphate (guanylic acid)

guanosine triphosphate

human chorionic gonadotropin

high-density lipoprotein

hypoxanthine-guanine phiosphoribosyltransferase

3-hydroxy-3-methylglutaryl coenzyme A

heterogeneous RNA of the nucleus

intermediate-density lipoprotein

mosine 5’-monophosphate (inosinic acid)

inositol 1,4,5-triphosphate

lactate dehydrogenase

low-density lipoprotein

luteinizing hormone
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Abbreviations

mRNA
MSH
NAD (NADH)

NADP {NADPH}

PGH
P:

PP,
PRPP
RNA
RQ
rRINA
T™P
TFF
IRNA
TSH
TP
UDP
UMP
UTP
VLDL

messenger RNA

melanocyte-stimulating hormone

nicotinamide adenine dinucleotide (reduced
form)

micotinamide adenine dinucleotide phosphate
{reduced form)

pituitary growth hormone

inorganic orthophosphate

inerganic pyrophosphate

3-phosphoribosylpyrophosphate

ribonucleic acid

respiratory quotient

ribosomal RNA

thymidine monophosphate

thymidine pyrophosphate

transfer RNA

thyroid-stimulating hormone

ihymidine triphosphate

uridine diphosphate

uridine monophosphate

uridine triphosphate

very-low-density lipoprotein
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High-Yield Facts in
Biochemistry and
Genetics

HORMONAL CONTROL OF METABOLISM

Metabolism is precisely regulated by hormones controlling the level of
blood fuels and their delivery to tissues. The primary control hormones of
metabolism are insulin and glucagon. Epinephrine has effects similar to
those of glucagon, except that glucagon has a greater effect on the liver
while epinephrine has a greater effect on muscle. Blood levels of glucose,
amino acids, fatty acids, and ketone bodies are maintained by varations in
the [insulin]/[glucagon] ratio. When blood sugar is high, the ratio increases
and msulin signals the fed stale, promoting anabolic activities. The ratio
decreases as glucagon is released to direct catabolic activities when blood
glucose falls between meals, during fasting, and during starvation. Epi-
nephrine or norepinephrine 1s released during exercise Lo promote catabo-
lism of glucose and fat that supports muscular activity Under normal
conditions, the very precise interplay between insulin and glucagon mamn-
tains homeostatic blood fuel levels at about- glucose, 4.5 mM; fatty acids,
0.5 mM; amino acids, 4.5 mM; ketone bodies, 0.02 mM. Blood levels of
ketone bodies and fatty acids rise during fasting or during starvation, with
hlood glucose levels being maintained. However, during uncontrolled
juvenile diabetes, blood glucose levels rise greatly The lack of insulin in
this disease otherwise mimics starvation. The activity of various pathways
during different metaholic states is summarized in the following table.







High-Yield Facts 3

{inbreeding}, frequent carriers (heterozygotes without manifestations of
disease), and a 25% recurrence nsk for carrier parents (see pedigree B on
chart}. Corollary. normal siblings of individuals with autosomal recessive
disease have a 2/3 chance of being carriers,

Characieristics of X-linked recessive diseases include an obligue pedi-
gree partern, affliction of males only, frequent female carriers, and a 25%
recurrence risk for carrier females (see pedigree € on chart) Corollary
Haldanes law predicts a 2/3 chance that the mother of an affected male
with X-linked recessive disease is a carrier (and a 1/3 chance the affected
male represents a new mutation}.

Ethnic correlarions with Mendelian disorders include higher frequencies
of cystic fibrosts in whites, sickle cell anemia in blacks, B-thalassernia in
fralians and Greeks, o-thalassemia in Asians, and Tay-Sachs disease in
Jews,

Advanced maternal age is associated with higher risks for chromosomal
disorders (e.g., Down’s syndrome, trisomy 13), while advanced paternal
age 1s associated with higher risks for new mutations (e.g., those pro-
ducing achondroplasia or Marfan’ syndrome).

The Hardy-Weinberg law predicts allele frequencies in an idealized pop-
ulation according to the formula p? + 2pq + ¢’ = 1. Applied to cyste fibro-
s15, the law predicts that homozygotes (¢°) have a frequency of 1 in 1600,
predicting that carriers (2pg) have a frequency of 1 in 20,

A karyotype is an ordered arrangement of chromosomes that is described
by cytogeneric notation. A karyotype can be obtained from dividing cells
(blood leukocytes, bone marrow, fibroblasts, amniocytes), but not from
frozen or formalin-lixed cells.

Cytogenetic notation includes the chromosome number (usually 463,
description of the sex chromosomes (usually XX or XY), and indication
of missing, extra, or rearranged chromosomes. Examples include
47 XY+21 (male with Down’s syndrome}; 47, XX,+13 (femnale with iri-
somy 13}; 43,X (female with monosomy X or Turners syndrome),
46,XX,del(5p) (female with deletion of the chromosome 5 short arm)

DNA diagnosis examines specific regions of genes for altered mucleo-
tide sequences or deletions that affect gene expression and function;
techrigques nclude Southern blotting, gene ampliication with the
polyrerase chain reaction (PCR), and mutant allele detection by
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PEDIGREE SYMBOLS

Male O] Mating
Female O] Divorce

Sex unspecified O] Consanguinous

. mating
Deceased individuals
Dizygotic twins

Affected individuals

Proband Q) Monozygotic twins

PEDIGREE PATTERNS
B

Ll
O
R e
ﬁD
| Individuals and Abortus (female}
generations
[} 1 g‘%
A

Il
il

For A, autosomal dominant inheritance 1s implied with a 50% recurrence risk lor
individuals I11-1 ana 11-2

For B, autosomal recessive inheritance is implied with & 25% recurence risk for
individuals ill-1 and ()I-2

For G, X-inked recesaive inheritance is implied with a 25% recurrence risk for
individuals I-1 and iI-2

For D, chromosomat inheritance is implied with individual 11-2 being a franslocation
carrisr

Pedigree symbols and pedigree patterns.
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-

hybridization with allele-specific oligonucleotides (ASOs). Chromosome
microdeletions encompass several genes and are detected by fluorescent in
situ hybridization (FISH).

Non-Mendelian inheritance mechanisms include mitochondrial inhern-
tance (exhibiting maternal transmission), expansion of triplet repeats
(exhibiting anticipation in pedigrees as in the fragile X syndrome), and
genomic 1mprinting {exhibiting different phenotypes according to
maternal or paternal origin of the aberrant genes).

Prenatal diagnosis can include fetal ultrasound, maternal serum studies,
or sampling of cells from the fetoplacental unit by chorionic villus sam-
pling [CVS at 8 to 10 weeks, amniocentesis at 12 to 18 weeks, or percu-
taneous umbilical sampling (PUBS) [rom 16 weeks 10 term].



