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Preface

Lite is a mystery with the power (o enchant or territy. This is
no less true for biochemists than it is for poets and artists.
While many humans appreciate the visual beauty and the
majesty of the natural world. biochemists seek to discover the
underlying mechanisms of living processes. As life’s secrets
have been probed, researchers have often been both awed and
humbled by the intricacy, sophistication, and resilience of liv-
ing organisms. In this textbook we have attempted to convey
to students the excitement and pleasure we have experienced
in our search for knowledge about life.

ORGANIZATION AND APPROACH

This textbook is designed for use by chemistry majors and stu-
dents in the life sciences. Few assumptions have been made
about the chemistry and biology backgrounds the students
have. To ensure that all students are sufficiently prepared for
acquiring a meaningf{ul understanding of biochemistry, the first
four chapters review the principles of relevant topics, such as
organic functional groups, noncovalent bonding. thermody-
namics, and cell structurc. In our experience, students retain
new information more efficiently if they can readily see its ap-
plications. Therefore. in the remaining chapters of the book,
discussions of biomolecules are usually followed immediately
by descriptions of their roles in metabolism. For example,
chapters devoted to carbohydrate and lipid structure are fol-
lowed by chapters describing their metabolic functions. A no-
table theme that begins in the early chapters and continues
throughout the book is the relationship between biochemical
processes and biological structure. We believe that this ap-
proach affords students an interesting holistic view of a sub-
ject that so often has been treated as if biochemical reactions
occur in some dimension isolated from biology.

During the past 50 years. scientific investigation has in-
creasingly deepened and expanded human understanding of
life. [n the waning years of the twentieth century, the pace of
discovery has become explosive. The continuing avalanche of
information, made possible by technological innovations in
biochemistry and molecular biology. now allows previously
unimaginable insights into the inner workings of living or-
ganisms and the causes of disease. The challenge to life sci-
ences educators 1s how to preparc students for a new century
when revolutionary changes created by scientific discovery
will affect both their personal and professional lives. The most
important tool for students is a clear understanding of bio-
chemistry. The purpose of the second edition of Biochemistry:
An Introduction remains unchanged from that of the first edi-
tion, that is. to present a logical and accessible description of
essential biochemical principles.

WHAT IS NEW IN THIS EDITION

As a result of our teaching experience, the suggestions of many
students and biochemistry instructors who have used the text,
and numerous advances in biochemical research. many
changes and improvements have been made, including the fol-
lowing:

The design of the book has been completely revised to
make it easier to read and comprehend.

Each chapter has been revised and updated. Examples of
topics with improved coverage include protein structure,
nucleotide chemistry, DNA synthesis, and DNA repair
mechanisms. The art program has also been reevaluated.
Some figures have been altered and others have been
rerendered to improve clarity.

The sequence of coverage of some topics has been modi-
fied to improve comprehension. For example, the
chapters devoted to discussions of lipid and membrane
structure and metabolism now precede the discussion of
energy generation in the aerobic metabolism chapter.

Each paragraph, table, worked problem, and illustration
has been reviewed for accuracy.

SUPPLEMENTARY AIDS

1. Instructors Manual/Test Item File: Written by the au-
thors, this manual is designed to assist instructors plan
and prepare for classes using Biochemistry: An Introduc-
tion. For each chapter in the text, this manual provides a
chapter outline, key words, an extended lecture outline,
and cnrichment ideas. The test item file contains approxi-
mately thirty-five multiple choice, true/false, critical
thinking, and mathematical problems per chapter. Sug-
gested answers for the problems appear at the end of
each part.

2. Student Study Guide/Solutions Manual: This guide ac-
companies the text and was written by Bruce Morimoto of
Purdue University. For each text chapter, a corresponding
study guide chapter offers comprehensive reviews, study
tips, and additional questions for biochemistry students.

3. Transparencies: Accompanying this text, 140 transparen-
cies of key illustrations in the text help the instructor
coordinate the lecture to the text.

4. Microtest: This computerized classroom management

system/service includes a database of test questions, re-
producible student self-quizzes, and a grade-recording
program. Disks are available for IBM and Macintosh
computers and require no program. xiit
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5. Laboratory Manual in Biochemistry (0-697-16735-6):
Written by Dr. Henry Zeiden and Dr. William Dashek,
this laboratory manual stresses the theory behind the bio-
chemical and molecular biology techniques and uses an
investigative laboratory approach. This manual contains
12 modules, each containing several exercises. Traditional
topics such as enzymology, cutting-edge topics, such as
molecular biology, and applied topics, such as analysis of
carbohydrates, are covered in this laboratory manual.

6. McGraw-Hill 3D Library of Biomolecules: Developed
by McGraw-Hill, this browser-based CD-Rom takes ad-
vantage of virtual reality technology. Instructors and
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CHAPTER OUTLINES AND OBJECTIVES
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OBJECTIVES

Afler you bave studicd {his chapier, you shoald be able to naswer these questions:
l. How ks cocryy atrtaincd from the broakdwmwn of acetyd € oA by the reactions of the cif-
i acid cycle?
. Hew bs the emeryy rolessed during the dlectroa transpart pathway captured sod ssed
o drfve biosymthetic processes !

> of

Mow

How. Tz cach coll's emergy re-
quircme ata arc comsistently met.

why obesity”?
W ducts of exypes sad bow do they damage colls?

DRAMATIC VISUAL PROGRAM

Each chapter begins with an outline that introduces
students to the topics to be presented. This outline also
provides the instructor with a quick topic summary
and help to organize lecture material. A list of
objectives, based on major concepts covered in the
chapter, enables students to preview the material and
become aware of the topics they are expected to

Colorful and informative photographs, illustrations,
and tables enhance the learning program. Each
chapter begins with an attractive opening photograph
or illustration that visually introduces the topics to be
discussed.

master.
320 Chapter Eleven  AEROBIC METABOLISM
FIGURE 11.25
Kagica) Casie Rescilon.
Shep 1: Liphd peveridation reactions HO — GOy — G ON—CH— O~ Oy
begin sfter 2 bydroges siom b 0
extracted from an swsatarsted fmtty scid g e
(LA =1 % S4ep 1: The lipid rodivel
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Stap 3: The radical chstn reaction
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» hydrogos scem frem saother faccy
i melocube (1~O -0 ¢L'H =
TOTOTHY, s MO = G- Cat— Cotem CH— M — City~CH,
proeace of 3 trapdition matal wch e
Pe®' imitimtrs forther redical fermation
(1-0-0-R +Pel' ~LO- +RHO" + - .
Pe> ). Step 5: Oae of the moet seriem 2
consoquences of Hpid perevidatios b
e formation of sldebrdes, whick o
imvolves s radica) clesvage reseilan. The J 4
chaia resction comtimems a4 the frae ¢
Tadical prodect thes reacts with
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HO — G G CHos CH— O — CH— CM, + OH~
5
9
HO— e oty oo CH—C— M+ EEH,
Antioxidant Enzyme Systems Mmpmymmm.p-wmdnmmmwﬂbym
catsbase, and The wide distribution of these exzy-
mmvv«mmwmmmﬁndmw
The superoxide dismuotascs (SOD) are 2 class of cnzyme that catalyze the fonna-
tion of H70; and O, from the superoxide radical
20;," +2H" = H;0, + O
There are two Major forms of SOD. in hurhans the Cu-Zn isoryme occurs in cyio-
plazm. A Ma-containing isozyme is found in the mitochondrial matrix.
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THE EICOSANOIDS

The eicosanolds are o diverse group of extremely powerful  ecules by the enzyme phospholipase As. The eicosanioids, which
hormaonetihe molecules produced In most mammalian Hesoes  Indude the and
(Becouse they are genesally octive within the organ in which  (Figure PA), are exTemety difficult to Hudy beoduse they are
they are producid. th siassanolds are called autecring regu.  octive for short peniods {often measured |n seconds of minutes)
Io%ors tnsead of hormonen) Mast eicosanctds are derived from  En addition, zmmpmnam:ymmumnu
muamkmma“"“‘) which is aleo calied 5.8.11.14- oo that con-
ocd 4 fom toin a nng-ﬂ.hhyﬁmxywnl(llnnd
umwwmamumwmqmd~ €15 Matecules beionging 10 the E series of prostaglandins have
ditonal dovble bonds ) Procuction of sicosanolds begins after 0 carbonyl group ot C-9, while the F serses molecules bave an OH
arachidonic acsd is released from membrane phosphotipid mol-  group ot the some posiion. The subacript numbes In o

o . o W,
== ‘oo~ == o0 = ©00"
1 e
1”7 o ' !
o o o
ror, ror, ran,
o
i

BOLDFACED KEY WORDS

Key words appear in boldface when they are
introduced within the text and are immediately
defined by the context. All key words are also defined
in the glossary.

SPECIAL INTEREST BOXES

™A, ™,
o
L] on ¥
c—o"
( o :\ S [}
CHy| o ]
o [+ <—o
i
T—-T—cu-xli—m—cn,—c-—o- .
(N}
CHy M o9
f 1 N
CH,—CH—C—O~ P
] g/ N
;01‘ HyN c—o
U LT,

FIGURE 9A

{a) Prosiagiendion 1, §1., and Hy. (D) Thromboanes A, and §; (€} Levactnens C. and £.

KEY CONCEPTS

These essays which appear throughout the text, help
students connect biochemical principles and everyday
applications.

Oxidative Stress E )

the nonoxidative phase. rabulose. S-phosphaie 1 pomarly comened o either tibose-
S-phosphute o1 xyhubos-S-phasphiate.

The oridative phase of the pentne phosphate pathway comsists of three reactions
(Fyure 11.28a). In the lml reaction, lem 6-phosphate dehydragenase (G-6-PD) ca -
alyres the oxidation of ghu hate 6-Phy and NADPH
are praducts i thes reaction. 6-| Phu\prmgluumculdunm is then hydrolvzed o prxduce
b-phosphagluconate. A second molecule of NADPH 15 produced durng the ovidative
decarboxylation of 6-phasphogluconate, a reaction that yeclds ribulose-Septwmphate

The nonoxidative phase of the pathway beginy with the vom ersion of nbalose-4

hosphite 10 ribose-5-phosphate by ribuloe § phosphale svmerase o to xylulose-S-
phosphate by nibulase-$ pho\p)ul(‘ epinerase Duaing the remuaining feachons of the
pathway tFrgure |1 2Rby. and transaldolase Cataly 7 the intere
ol tnoses, pentases. and hexoves. Transkerokas v a0 TPP-requirintg onsyme that trans
fers twarcarbon units from a ketose o an abldose Twa reactions ace vataby red by
tranxkewolase. In the firs reaction, the en/yme tmansfers, @ 1w o-carbon umil trom sy-
lakone-S. phﬂ\phah 1 ribose-S-phosphate, yielding glyceratdenyde: & phosphite smd
h: In the second ataly o TGN, 4 tWO-Car-
hon unit trom .mo«m xylulose-S-phasphate molecule v transferred 1o erythrose -

At the end of sections is a brief Summary to help

students understand the essential ideas in the section.

IN-CHAPTER PROBLEMS, SOLUTIONS, AND QUESTIONS

K€Y oncept
el phosphate ) fuem. a sccond molecule of glyeeraldehyde- 3-phosphate and tructose-6-

[he motor ;:Nmum gelenses phosphate. (Erythrose-d-phosphaie 18 used by somIe Onginisms 1o synthesize aromaiic
Gty e ot armino acids.) Tramaldotase transfers thice-carbon amis [rom a ketowt 1o an sidowe
superoxide dismtase. catalase. and

In the reaction catatysed by transaldolase. o three-carbon umit  sramferred from se-

uiathtone uxidase The T
foasiolotbimmeli il doheptulone-7-phosphatc to glyceraklenyde- 3-phavphate. The products farmed are

NADPH and ribeose § phosphiate fructone-6-phosphate snd erythise-3-phosphate The eesult of the ronoadatine phase
and several glycolytic of the pathwiry i~ the synthests of rbose-S-phasphate and the glvenlyviic arcemeds-
ntermediates ates glyceraldehydy- 3-phosphate and fructose-6-phoaphale

# W The pentose phosphaie pathway s regulated 1o meet the vetl’s morment-by-moment
requirements for NADPH and ribose-S-phosphate. The oxidatine phanc is veey acine
wn cells sueh a4 red blood celis of hepatocyles n which demand for NADPY 1 bugh
In contrast. the axidauve phase is vinuatly abseol In cetls (¢ 2., muscle cellss that -
thewse dintke or e hipad. G-0-PEY cataly zes the rate-hmikiag sep i the pel
phate pathway. s acisity 15 inhibited by NADPH and aimututed by € p
cone-6-phosphatc In addition, dicts high in carbohydrate increase the syathess of
both G-6-PD and phosphoglucenate dehvdtogenase

xvi

Because problem solving is most easily learned by
studying examples and practicing, problems with
solutions are provided wherever appropriate. In
chapter questions help students integrate newly
learned material with timely and interesting related
information.

nr in tome regions where malara is endem {e.g., the Middie East), fava beans are a sta- |
pie tood. Fava beans are now known o contain two #-glycowdes called vicine and <on
viine
" "
i |
0, N o
}‘ EH,0m T/ \f
Ao o
oM K,
i
. !
! OH
| Conwicine

W15 beleved that the aglycone components of these substances, called divicine and
isouram, respectively, can oxidize GSH. Indmduals who eat fresh (ava beams are pro
tected to a certan exlent krom matara A condiion known as favism results when some
C.6-PD-dehcient indviduals develop a severe hemolylic anermia alter eating the beans

i Explamn why




Questions

SUMMARY

Metabolism includes (wo magor types of brochemical pathways an-
abolic snd cataholic. Tn anabokic pathways, large comples motecules
are synthesized from smaller precursors i catabolic pathways, large
comglex molecules are degraded into smaller, swmpler products
Some caabolic reactions releasc free energy. A fraction of this en
¢egy is used to drive cenain anabolic reactions, Muhticellular organ
isms muintaif an approgriaic helan ¢ between anabolic and catabolic
processes by unng interccllular chemical signals In ammals. hor
manc molecules and neurotransmpters are intercellular signals

The metabolism of carbohydraies ss dominated by glucose be-
cawse this sugas is an smportani fucl molecule in Most ceganisms. jt
celiutar enesgy rescrves wre kow. glucose 1 degraded by the glycolytic
pathway. Glucose molecules that are aot required for immediate en-
ergy production are stored as tither glycogen (In animals) or starch
(in planes).

The substrate for glycogen synthesis 15 UDP-glucose. an activated.
form uf the sugar, UDP-glucose py: orylase catalyzes the for-
mation of UDP-glucose from gluosc- |-phosphate and UTP Glu-
cone-6-phosphate 15 Converted (0 wiucose- 1 -phosphate by phosphio-
glucomutase. To form glycogen requires twa enzymes glycogen
synthase mnd branching enzyme Giycogen degradation tequires
glycogen phosphorylase and debrinching enzyme. The balance be
Tween giycogenesis (glycogen synihesis) and glycogenotysis (glyco

SUGGESTED READINGS

Hallirisch, J.. Metabolic Effects of Detary Fructose, FANEH S
4.2652-2660, 1990,

Newsholme, EA, Chailiss, RA J., and Crabiree, B, Substruaic
Cycles: Their Roke in Improving Sensitivity in Metabotic Cuntral,
Trends Biochem. Sci., 9:277-180. 1984,

Pitkus, 5.J.. Mahgrabs, M R.. and laus. TA., Hormonal Regulution

QUESTIONS

1. Mectabolism consists of (w0 major prosesses. What are they”
What function does each one perform? Give (wo exampies of
each process.

2. Caabolism contists of threr sieps. Describe wha is accom-
plished in esch sicp.

3. What is the most important ead product of stage 2 metabolism?
What is the fate of this molexule in stage 37

4. What two important components of anabolic processes are pro-
duced by catabolic ceactions

3. Briefly define each of the foilowing terms
. amphiholic
b. sieady ume
c. wrger cell
4. second messenger
e. limit dextnn

6. Describe how an enzyme cas ade magnifies an initie] hormonal
signal

7. Upos enteniag a cell, glucos: is phosphorymed. Give two rox
sons why this reaction is reguared.

gen breakdown) is carefuily regulated by several hormuoes (asulin,
glucagon, and cpincphrine),

Dunng giycolysis. glicose 15 mptuymm and cleaved 10 form
two molecules of gl Each
3-phosphaic is then converted 10 8 molecule of pyruvaie. A small
amount of encrpy 1s captared in two motecales of ATP and NADH.
In anserobic organisms. pyrivake 1 convened 1o waste products. Dur-
ing this process. NAD" us regenerated so thar glycolysis can con-
tinwe In the presence of O, acrobic organists convert pyruvate 10
scetyl CoA and then to CO; aod HyO Glycolysis is controlied pn-
marily by atlostenc regulauon of three en2ymes-hexokinase, PFK.- 1,
and pyruvae kinase—~and by the hormones glucagon and insulin

Dunng gluconcogencsis, mokecules of glucose are synthesized
from noncarbohydraic precursors (Incuate. pyruvate, glycerol, and
cenan amino acids). The neasction sequence in glucontogenesis is
lasgely the reverse of glycolysis The three imoversible glycolytic rc-
wctions (1he synthests of pyruvale, the conversron of fructose- | &-bes-
phosphaic 0 fruciosc-6- phosphaie, and the formanon of glucose from
glucose-& phosphuie} are bypassed by drernate enerpetcally favor-
able reactions.

Several sugars other than glucose are important in veriebraie
carbohydraic metabolism. These include Fructose. galactose, and
manscse

of Hepatic Gluconeogenesis and Glycolysis, Anx. Kev. Bipchem.
57-755- 783, 1988

Sholman, G.i.. and Landau, B.R_. Puhways of Giycogen Repletion.
Phosiol. Rev, T24)1019-1035, 1992

VanSchafingen, E. Fructose-26 Busphosphate. Adv. Enzymol,
19315 1951987

8 Describe the fuactions of the following molccules

a. nsuhn

b glucagon

¢ froctone-2.6-bisphosphate

An individual has a genetic deficiency that prevents the pro-

duction of hexokinase D. Following a carbohydrate meal, would

you capest blood glucose devels 1o be hagher. lower, or about

normal? What organ would accumulste glycogen under these

crrcumstances?

10, Glycogen symibesis requires a short primer chamn. Explam how
new glycogen molecutes are synthesized. given tus limitation.

11, Describe how cpincphrine promokes Lhe conversion of giycogen
10 gluconc.

12 Glycolysis occurs in twa stages, Describe what is accomplished
in cach suage.

13, Why s Fructose meabolized more tagedly than glacase”

4. What 15 the difference between an cool-phosphate csier and 2
normal phosphate cues thae gives PEP such a high phosphate
Broup uansfer potemial?

°

CHAPTER SUMMARIES

At the end of each chapter is a summary designed to
help students more easily identify important concepts
and help them review for quizzes and tests.

SUGGESTED READINGS

At the end of each chapter are suggested references for
further study of topics in the text or timely related

topics.

END-OF-CHAPTER QUESTIONS

A variety of questions and problems that range in
level of difficulty help students measure their mastery

of the chapter.

Glossary

END-OF-BOOK GLOSSARY OF KEY WORDS

All key words in boldface in the text are defined in the

glossary at the end of the textbook.

TECHNIQUES IN BIOCHEMISTRY SUPPLEMENT

From this review of the principle research techniques

used to investigate living processes, students can
appreciate the relationship between technology and

scientific knowledge. Information in this supplement
(Appendix B) helps students answer some in-chapter

and end-of-chapter questions.

CONCEPT AND APPLICATION ICONS

Throughout the text, students find graphic devices that
easily mark the following concepts and applications.

Plant Biochemistry

Biomedical Application

’ ~ Metabolic Regulation Mechanism
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Appendix 8

These are exciting Limes for biochemists? During the past fifty yesrs,
there has been 2 continuously accelersting revolution i our under-
standing of the functioning of living organisms. Much of this knowl:
edge has been possible because of . For ex-

ery of nerve growth factor: recipicnt of the 1987 Nobel Prize in Phys-
sology and Medicine). Both scientiats and artists seek 1o discern tryth.
Scicotists differ from artists in onc Tespect: they nwst submit their

ample, the development of the clectron microscope s a biological
instrument by Keith Postcs and his cofleagues in the 19405 ied 1o the
discovery of organciles such as mitochondria and lysesomes. Other
exampies include X-ray crymllnmphy {protein and nucleic acid
structure & bols pd.hw-y in

of reality (objective realily is the ukimare measurc of
scientific work) o skeptical colicagues who must be coavinced by
verifiabic experimental reruits.

“The techrologies described in this appendix have been chosen be-
cause of their seminal lmpuﬂnme in modern bmchur-my Because
of the intimatc it woen

- ummum

arc secking
rapid methods for determining DNA base sequences. These and um
biochemical lechniques exploit the physical and chemical properties
of biomabecules.

Scicaufic research, however, 13 ot & collection of lechniques. At
the heart of science 15 The passion and curiosity of the scientist who
seeks o undersiand the natura) wordd. A scientist tests his ac her per-
ception of x natura) process, semetimes reletrod 1o a5 & pacadigm,
by designing and performing eapenmenu. Success in scientific in-
vestigalions depends on three principle factors:

1. The design of cxperiments that ask cicas and well-thought out
Questions about the living system under investigation

2. The effective use of currendly available technologies.

3. The capacity of the scicntist 10 interpret experimontal dete. and
(+f mecessary} modify or discard paradigms if they re not up-
poried by this deia

These features of the scicntific method are interactive. The avail-
abilisn ol i aal

. studeats will ﬁld that an umnl of these meth-
ods will i mm their comprehension of the subject

Supgested Readings

Bronawski, )., Science and Human Values, Harper and Row, New
York, 1965,

Burke, ). The Day the Universe Changed. Littie, Brown, Bossos,
1985,

Fischer, E.P. and Lipson. C., Thinking Abous Science: Max Delbrmok
and the Origins of Molecular Bivlogy. W.W, Noros, New York,
1988,

Hoagland, M., Toward the Habit of Truth: A Life in the Sciences.
'W.W. Norton, New York, 1990.

Kelicr, EF. A Feeling for the Organiom: The Life and Wort of Bar~
bora McClintock, W.H. Freeman, 1983.

Kuhn, TS.. The Structure of Scientific Revolutions, Univesity of
Chicago Press, Chicago, 1970,

Medawar, P.B.. Advice 10 a Young Scientisr, Harper and Row, New
York. 1979.




A
ACTH
ACP
ADP
AIDS
ALA
AMP
ATP
BCAA
BH;
BH,
bp
BPG

C

CAP
chp
CMP
cTP
CoA or CoASH
CAMP
cGMP
oyt
DAG
DHAP
DNA
ssDNA
dsDNA
DNase
DNP
EAA
EF

ECF
ER

ESR
FAD
FADH,
fMet
FMN
G

G protein
GH
GDp
GMP
GSH
GSSG
GTP
Hb
HDL
HETPP
HGPRT
Hiv
HMG-CoA
HPLC
HRE
hsp

IF

IGF
1gG

adenine

adrenocorticotropic hormone

acyi carrier protein
adenosine-5’-diphosphate

acquired immune deficiency syndrome
s-aminolevulinate
adenosine-5’-monophosphate
adenosine-5’'-triphosphate

branched chain amino acids
dihydrobiopterin (oxidized form)
tetrahydrobiopterin (reduced form)
base pair

2,3-bisphosphoglycerate

cytosine

catabolite gene activator protein
cytidine-5'-diphosphate
cytidine-5'-monophosphate
cytidine-5'-triphosphate

coenzyme A

adenosine-3’,5'-cyclic monophosphate
guanosine-3',5’-cyclic monophosphate
cytochrome

diacylglycerol

dihydroxyacetone phosphate
deoxyribonucleic acid

single-stranded DNA

double-stranded DNA
deoxyribonuciease

2,4-dinitrophenot

essential amino acids

elongation factor

epidermal growth factor

endoplasmic reticulum

electron spin resonance

flavin adenine dinucleotide (oxidized form)
flavin adenine dinucleotide (reduced form)
N-formylmethionine

flavin mononucleotide (oxidized form)
guanine or Gibbs free energy
guanine-nucleotide binding protein
growth hormone
guanosine-5'-diphosphate
guanosine-5’-monophosphate
glutathione

glutathione (oxidized form)
guanosine-5'-triphosphate
hemoglobin

high-density lipoprotein
hydroxyethyl-thiamine pyrophosphate
hypoxanthine-guaninephosphoribosyltransferase
human immunodeficiency virus
B-hydroxy-B-methylglutaryl-CoA

high pressure liquid chromatography
hormone response element

heat shock protein

initiation factor

insulinlike growth factor
immunaoglobulin G




iL
iMP
P35

Km

kb

kD
LDL
LHC
Man
NAA
NAD™
NADH
NADP™
NADPH
NDP
NMR
NO
NTP
P;
PAPS

PC

PDGF

PEP

PFK

PP,

PP;

PRPP

PS

PQ(Q)
PQH, (QH))
RER

RF

RFLP

RNA
dsRNA
hnRNA
mRNA
rRNA
sNRNA
SSRNA
tRNA
snRNP
RNase

S

SAH

SAM

sDS

SER

SRP

T

THF

TPP

U

ubDpP

UMP

uTe

uQ

UQH,
ViDL

XMP

interleukin
inasine-5’-monophosphate
inositol-1,4,5-triphosphate

Michaelis constant

kilobases

kilodalton

low-density lipoprotein

light harvesting complex

mannose

nonessential amino acids

nicotinamide adenine dinucleotide (oxidized form)
nicotinamide adenine dinucleotide (reduced form)
nicotinamide adenine dinucleotide phosphate (oxidized form)
nicotinamide adenine dinucleotide phosphate (reduced form)
nucleoside-5’'-diphosphate

nuclear magnetic resonance

nitric oxide

nucleoside-5'-triphosphate
orthophosphate (inorganic phosphate)
3’-phosphoadenosine-5'-phosphosulfate
plastocyanin

platelet-derived growth factor
phosphoenoipyruvate
phasphofructokinase
phosphatidylinositol-4, 5-bisphosphate
pyrophosphate
phosphoribosylpyrophosphate
photosystem

plastoguinone (oxidized)

plastoquinone (reduced)

rough endoplasmic reticufum

releasing factor

restriction-frament length polymorphism
ribonucleic acid

double-stranded RNA

heterogenous nuclear RNA

messenger RNA,

ribosomal RNA

small nuclear RNA

single-stranded RNA

transfer RNA

small ribonucleoprotein particles
ribonuclease

Svedberg unit

S-adenosylhomocysteine
S-adenosylmethionine

sodium dodecyl! sulfate

smooth endoplasmic reticulum

signal recognition particle

thymine

tetrahydrofolate

thiamine pyrophosphate

uracil

uridine-5'-diphosphate
uridine-5'-monophosphate
uridine-5'-triphosphate

ubiquinone (coenzyme Q)(oxidized form)
ubiquinone (reduced form)

very low density lipoprotein
xanthosine-5' monophosphate
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