g. ERDAMIHEEERS “+=H BRI EH
T SEES¥RHY

g =
mny >

(MBBS) WiE#ZHA

o N

Biochemistry

N.V.Bhagavan Chung-Eun Ha

BRI FhR @ W KBERXfH

Annotated Edition Chief Editor Xiaowei Zhang

OEIR EBXH BN

Vice Chief Editor Wenhan Mei Xiuhong Wang

@Akz%&ﬁ.#

PEOPLE’S MEDICAL PUBLISHING HOUSE




@ ExRBPEMITUES

2EEFERHM

2 "T=R" BXRMKIE

HinREFEWRFEBFE (MBBS) WEHFEH

Biochemistry

Al 1 15 g Essentials of Medical Biochemistry,
2/E, #HiElsevierf il il

ELSEVIER

ARSI
SR
EEZaRF

© ENuE
HAFSHR
EFZMENF
i F
EEZnFEDF
EFiEEF
EXHBEEYE
REERS
HEF
MRS E S
AEFERF

miTmF

N

FRmE PR
HEHE KIE
ElE= 1
Hmigit i
Rig = E

B

L
M

JLHZF
2w
BmE
ERBEF
ERkIE RS
Rz
IREF

ABER

www.ipmph.com

ABEM
www.pmph.com

ANEPEAR#ARERHGES

REEY
ESOES

B 8 BRI F

LJN
W

BZEF

+ B N
I S
B W
it
ik

ik

[
4ik

X 18




g EREEMUHMNEBZRL “+=R" EXIRMARI
T 2ESEEREM

BRisFREFEWRRERZE(MBBS ) WEHFH

Biochemistry

A Y
£ 9 Fo
Annotated Edition

* & KB
Chief Editor Xiaowei Zhang
BlER BxE FER

Vice Chief Editor Wenhan Mei  Xiuhong Wang

® B (LHMEREEAF)

¥ & FARERKXE SKIZF) RiEERKZF

Qian Wang Nanjing Medical University Wenli Zhang Dalian Medical University
EFE Rl SREE (5 JEmXE

Zimei Wang Shenzhen University Xiaowei Zhang Peking University

FHRE IR/RRERKXE X AT LIFAERI S

Xiuhong Wang  Harbin Medical University Hong Zhao Shanxi Medical University
Shva | EiFXE &= W BRAFE

Lixia Lyu Tongji University Lin Heu Qingdawm University

Xl & S8BX% 8308 LBz

Yun Liu Fudan University Wenhap Mei Shanghai Jiaotong University
FrICHs mEERKF F 8 EHRARE

Yuanlin Qi Fujian Medical University Mujie Kan Jilin Univarsity

= B LR 332 Bl R XS

Hui Li Peking University Jingzhi Yan Xuzhou Medical University
FER AR TEKREF

Dongmin Li Xi'an Jiaotong University

A&2d &R



EEEMME (CIP) #iE

HPAE 1 (3€) EIE T (N. V. Bhagavan ), ( 3£ ) 75 & 1E
( Chung-Eun Ha ) #; 5KBefh 4% . —Jbat. AR T4 AR,
2017

] gy S R A 2 b 55— S8 SCREOMLRI 0 b4

ISBN 978-7-117-24719-1

LDk IO @F O ILOAEME - B
ek - #0bf - 2 V. Qs

hIERASE A5 CIP 8% 7 (2017) 45 146249 5

ADER wwwipmph.com EFHE.FAR.EL EBE,
HHEEERESSRETEAE
AZEN www.pmph.com ADEFANEZGES

AR R, RALBR!

& i F

* . ket

HAREIT: ARTA B (462 010-59780011 )

t HE: JEETHEIBHIXE R R 19 &

B 4: 100021

E - mail: pmph @ pmph.com

MH AL . 010-59787592  010-59787584  010-65264830

ED Rl b B (A BR 2 7

&  H:HETN

F o OA&:850x1168 1/16  Ep3: 23

F H:680 TF

R R:20184E3 HES I AL 2018 4E 3 A4 1 KA 1 WeEPRI

FREB S ISBN 978-7-117-24719-1/R + 24720

E 11800 T

FTH SRR 010-59787491 E-mail: WQ @ pmph.com
( JUIR EPe i Bt [m) R S A4k T b 8 i O ik R B 4 )



List of Authors

1. Nadhipuram V. Bhagavan, Ph.D., FA.C.B.

Emeritus Professor

Department of Anatomy, Biochemistry, and Physiology
John A. Burns School of Medicine

University of Hawaii at Manoa

2. Chung-Eun Ha, Ph.D.

Associate Professor

Department of Native Hawaiian Health

John A. Burns School of Medicine

University of Hawaii at Manoa

3. William Gosnell, Ph.D

.Assistant Professor

Department of Tropical Medicine, Medical Microbiology, and Pharmacology
John A. Burns School of Medicine

University of Hawaii at Manoa

4. Craig M. Jackson, Ph.D., FNACB, FAAAS (Chem)
Formerly Professor, Biological Chemistry

Associate Professor, Washington University,

St. Louis, MO

San Diego, CA

5. Nicole Mahealani Lum, D.O.

Resident Physician

Family Medicine Residency Program

Department of Family Medicine and Community Health
John A. Burns School of Medicine

University of Hawaii at Manoa



LESFFREFREZEUE LR EANET - KSR\

1995 &, EEEXBWLEHREFRFE, 5 2015 £, BWinKkEFE W MBBS
(Bachelor of Medicine & Bachelor of Surgery )BZ4MBRIATEIT 40 /K, MBBS
RIS  MURAREY 5K Bt , EERREIRKEFZWRFH  KEHNHFEPEEFER
EREFPEENNER LT URR, EEN—ERSKERFLMR. AR SRERIH
MIERBA MG,

AT HBEHRFHR K, HE—PEBLHER(XTNEBSFEZRARNBFTFRSHFRE
HEFEL(ES 20014 S ))MCREBZEEZANAE (RIER ) REEFIRES
THLE (H9h3k [2007]39 5 ) )FRXXHNEXK, EHRSRESFEXRRIRKES
LA R FH | KZHFREEZE(MBBS ) NEHZERLENHEFNERE, HEHEZUEHK
FHBRZEEENRBREFARE, RENNBIEKEZEWEREMOER, ARRED
IR ERSEROEM L, T 2015 FEHF T 2ESEFFRIGKREZ T W EURM LB
RERIIER, B2 FREENREICIE, RLREERARE—ELEMYN . EERES
ZFEFREBFLMNIGREZZWRI R, FiHRIER 2017 EEFNRERMESR
EHERET.

AEXRVMBAMHNREECEREPENTHEBZERS . WEBHNLAEX, BF ‘=
B ot =BT RN, ARLERKEERR BFERNERRE, T2RHUT:

1. IMRENHZZ BB, ELECEHT T2 RABHRCIE, B£ERNE
FAFEFEXNEARELR, WEBEXENR FREER . RER B | RERERGFH
TR |

2. BE=H A% . =BT N ‘2RI B RERN , HALESAXEZRR
REFERBFEREHFLVNER—ERE, LMRIESKRELR.

3. AFRIEEEFRIANERERNMTGY, K2 B LIEIMEEBEBAER, 1R
BEEHFARNARRE LR IGKEZE WS\ LB EZRBTHTHR, FTIE
IELEM SR SRR A

4. FMARBEATEERE, REZEVRNER, EREXERBIELL LES
2, EINATNE KBRS (KPR ) BEA . HEFNESER, fRFFEEEFS,

FEIRKEFEWR ML EHIE 38 #, WAHERRPEMMEEEZERS “+=R"
MEHAE, iR TF 2017 FELFERET.



English Textbook for Clinical Medicine - Introduction

In 1995, China recruited overseas medical students of full English teaching for the first time. Up to
2015, more than 40 institutions enrolled overseas MBBS (Bachelor of Medicine & Bachelor of Surgery)
students. The number of MBBS institutions and overseas students are continuously increasing. At the
meantime, medical colleges’ application for bilingual or full English teaching in different size and range
in five-year and long-term professional clinical medicine teaching results to increasingly demand for a
set of practical, systematic and high-qualified English teaching material.

In order to meet the teaching needs and to implement the regulations of relevant documents issued
by Ministry of Education including “Some Suggestions to Strengthen the Undergraduate Teaching and
to Improve the Teaching Quality” and “Interim Provisions on Quality Control Standards of International
Medical Undergraduate Education (English teaching)”, as well as to standardize and improve the qual-
ity of the bilingual teaching and English teaching of the five-year, long-term and international students
(MBBS) of clinical medicine in China’s higher medical colleges so as to promote the healthy and order-
ly development of medical bilingual teaching and international students education and to improve and
standardize the system of English clinical medicine textbooks, after full investigation, People’s Medical
Publishing House (PMPH) held the writing discussion meeting of English textbook for clinical medi-
cine department of national colleges and universities in 2015. After the repeated demonstration in and
after the meeting, PMPH ultimately determined to organize the compilation of a set of national planning
English textbooks which are suitable for China’s actual clinical medicine teaching of medical colleges
and universities. This set will be published as spring and autumn textbooks of 2017.

This set of English textbooks meets the overall requirements of the Ministry of Education and Na-
tional Health and Family Planning Commission, the editorial committee includes the experts from major
medical colleges and universities as well as teaching hospitals, the main features are as follows:

1. Textbooks compilation is started to meet the teaching needs, extensive and deep research and
demonstration are conducted across the country, the main target readers, the model and subject of com-
pilation and selection conditions of authors are scientifically designed in accordance with the reference
of domestic and foreign medical personnel training model and experience in teaching materials.

2. Adhere to the teaching materials compiling principles of “three foundations, five characteristics,
and three specialties” and “multi-level demonstration”, the organization of English teaching experts
with rich experience from major medical schools and teaching hospitals ensures the high quality of pub-
lication.

3. In order to ensure the accuracy and standardization of English expression, most of the textbooks
are modeled on original English textbooks, and adapted based on national syllabus and main content of
the eighth round of clinical medicine textbooks which were published by PMPH, fully reflecting the sci-
entificity, authority, applicability and practicality.

4. All aspects of teaching materials are arranged reasonably, based on original textbooks,the chapter
summary, key terms (English and Chinese), review questions, and recommended readings are added to
promote students’ independent learning in accordance with teaching needs and the characteristics of the
target readers.

This set of English textbooks for clinical medicine includes 38 species which are among “13th Five-
Year” planning textbooks of National Health and Family Planning Commission, and will be all pub-
lished in 2017.
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Preface

Biochemistry is an invaluable resource, present-
ing the concepts and details of molecular structure,
metabolism, and laboratory techniques in a stream-
lined and engaging way. Biochemistry is designed
in an effort to better integrate the principles of bio-
chemistry into disciplines of basic and clinical sci-
ences. The goal is to foster a more comprehensive
understanding of health and disease.

Unique features of this textbook include: for
each chapter, a list of key points or key words
which outline the main concepts or questions that
have been discussed in the chapter, following the
text and a list of required readings and websites.
The text also includes supplemental references
where appropriate, to encourage readers to con-
tinue learning beyond the chapter material. Some
questions are also listed to help students review
or summarize the main content of the chapter. The
textbook also includes the latest research on vari-
ous aspects of biochemistry topics.

Every effort has been made to create an enjoy-
able and educational learning experience for the
student. Biochemistry is clearly written with simple
illustrations. The language of Biochemistry is made
as accessible as possible for students learning the
subject for the first time. To complement the straight-

forward language and organization of concepts in

the text, figures illustrate a single concept at a time
to help students see main points without the distrac-
tion of excess detail.

We hope students cultivate a full understanding
of the pathophysiologic processes of the body by
examination at the molecular level. Pathways and
processes are presented in a physiological context
so students can see how biochemistry works in the
body and under different conditions, and Disorders
or Diseases in every chapter show students how the
concepts they are studying impact human health.

We also promote problem-solving skills that are
based on accurate and current information. In every
chapter, we have listed required reading references
and websites at the end of the text, so that the stu-
dent may refer to the original literature. We hope
that students can develop skills in the understanding
of evidence-based medicine.

As clinicians, academicians, and researchers,
the authors and their associates in the production
of this textbook firmly believe that the new format
of our text encourages students to embrace medical
biochemistry and apply its principles to all areas of
medicine. The versatility of this textbook also makes
it appropriate for use by students pursuing various
disciplines in basic and clinical sciences.

Xiaowei Zhang
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