


INTRODUCTION. HISTORY AND GENERAL CONCEPTS OF
CELL BIOLOGY

INTRODUCTION TO CE
Chapter One

-----------------------------------------------------------------------
---------

Levels of Organization in Biology......................c...ccoovsoiii.
Limits and Dimensions in Biology
Summary: Levels of Organization
History of Cell Biology
OB TROOEY aoniiminicapeisidinds bisecitibadiniiinioderioiiiiie
Cytology and Genetics: Cytogenetics................oovvvvvvvnnnnn,
Cytology and Physiology: Cell Physiology.......................
Cytology and Biochemistry: Cytochemistry

-----------------------------------------
------------------------------------------

--------------------------------------------------------

---------------------

Ultrastructure and Molecular Biology ...........cc.cvvvvvvennnnnn. 10
Literary Sources in Coll BIOIORY c.covvviiseiovivabodoncosavainiosibesbod 11
RelBrBROES ..o vovnisivvissssnvarsrarsassnrasesrsgiptsbboaiipursotssnulpdtPledribd 11
Additional Reading .......... SALL o RS e < hiinr anne b eipdiusiabe 11
Chapter Two

GENERAL STRUCTURE OF THE CELL ........cooovniiiiiiiiiniiiiniiinsiiiiiinens
Prokaryotic Cells...........c..covnviiiinvncinaciin APPSO .. AL . 13

The Bacterial Cell .........ccoiievmmcmnrnirirmciiniiseirimsnoriasiasises 13

The Smallest Mass of Living Matter............coooooinii l;
Eukaryotic Cells........c.cccvvrrinemermmsininmmennnniecsniminnnnninenesas :5

SHAPE .....ceeovreererirassssnrrunestnstsrisssnussissssteissrisrenessssssass &

| rserssnasensan s TR b bt s o

Structure of the Living Cell........cooconiniinme IB
Structure of Fixed Cells..........coooieemrmmrmmmnnimmmnnmns o
Summary: General Cell SIUCIUTE ......ccoormmmmmimmimanranresees N
The Nucleus and Chromosomes 2

The Cell Cycl:th'eus ..... =

ol of the NUCICUS.......c.oiverimmimmmmrinnaies
g:r:zl:al ?t:ucture of the Interphase Nucleus..........ccocoeee 23

........ 25
Mitosis and MEIOSIS ........oomeerrernummmanmnunnrsaunenssnanes




CONTENTS

vid
Mitosis 3¢
Meiosis ¢
{ hramosomes 7%
Morphology 2
Summary @'he Nucleus and Cell Divission 3
Summary Prokaryots and Fukarvotc C ells _ 3
References ; , 33
Additional Reading R rEry ol i 88 2 37
Part Twg

MOLECULAR COMPONENTS pyr
METABOLISM OF THE g,

Chapter Three
CHEMICAL COMPONENTS OF THE CELL............._..._. 37
Molecular Population of the Cell ... 37
Water. FreeandBound ................................ 37
DS DM EOMM..........cnunmimmssionssmnnsonresiminsnimsssnsnstinm 38
NARCTOMMIBCRER ..ot sotismiis s RS oo i S 3%
Amino Acids and Proteins ................._......_..__ 18
Electrical Charges of Proteins.........................._ 43
CADOUTIES . .o ssmsnssassnsssmmemson B ol & 44
Complex Polysaccharides and Glycoproteins ............._ 44
R L S o S B S S 46
Summary: Cellular Chemistry .............................____ 48
DERCERRC ACHOR 1o i RS e s im0 49
Chemical Composition ..................ccooveeveeeee 49
The Structure of DNA.........coo it o 51
The Watson-Crick Model............................ 51
Denaturation and Renaturation of DNA; Hybridization ... 53
Structure of RNA..........o....... 7 55
Summary: Nucleic Acids ... 55
Additional Reading .............ccoovemrrvremmrerese 56
Chapter Four
ENZYMES, BIOENERGET ICS, AND CELL RESPIRATION ... ... 58

BOTIIION i o e S e i i s 58
e MG ST 59
Enzyme Activation; Co-factors....... ... . . . . . . 59
Active Site of the EREIOE o, it s S e s e 60
e o R T o T 6l
ko TS e e e ey 62
O O et 5 et e e e s 63
g SRS A 63
RSlstion of Bueyma Activiy L 64
yme Interconversions 65

yclic AMP and Hormonay Control ”




Eazymes 0 the Cell

l"""ﬁﬂ. of Entropy

Chapter Five

l1ddQd323223888

NSTRUMENTAL ANALYSIS OF BIOLOGICAL STRUCTURES ... ... &

Resolving Pawer of the Mms:ap&. e

Phase Microscopy .. e —————————e—

Interfersace Mi:mscow e e SRR

Daridield ym...m R ————— O

Polarization \(icmscop? =S st

Electron MICTOSCOPY .o

X-ray Diffraction ... i S S S
Summary: Microscopy... e ———————————

reavmme et

e ————

———— . ——

Chapter Six

METHODS FOR CYTOLOGIC AMD CYTOCMEMICAL AMALYSS .

v me e

T1ILEL

: SR RRRARRS

= O W

3 AR

sy



CONTENTS

125
add 127

" (ytochemis
e 129

eherem et
.«m-ﬂ' Reading
Part Four =

UNITS OF STRUCTURE AND THE
PLASMA MEMBRANE

Chapter Seven

N BIOLOGICAL SYSTEMS.......... ierr 189
ELEMENTARY UNITS OF STRUCTURE |
B T R S e 133 »
. grructures and Their FURCHOR....c.oc.eeee
Elem;ﬂn‘;cr‘:pls; in the Assembly of Macromolecules ................. :;; &
Summary: Assembly of Macromolecules ........coooevrieiirraennnnane -
Elemcnﬁry Membranous Struct;rcs ...................................... B
Summary: Artific GUEINE ... ocuvvossnovssnsnrmssssasarasss
A RN e 143
REFETCACES ....vvvneseseresannssunmsnsarsanasnsrasss Sk
Additional Reading ........coooeeeremansennnneees B A LR
Chapter Eight
THE PLASMA MEMBRANE ...............cocovnnimnnieeni et 145
Isolation of the Plasma Membranes ............cccvcviviiniiniiiniinennn. 145
Chemical COmMPOSItION .......c.vveiviniiiiiinierireninienenaenenanns 145
Summary: Chemistry of the Plasma Membrane........................ 149
Structure of the Plasma Membrane..................ccooovvivinininnnn, 149
Summary: Structure of the Plasma Membrane ......................... 151
The Fluid Mosaic Model of Membrane Structure..................... 156
Summary: The “Fluid Mosaic™ Model ................................_. 158
Differentiations at the Cell Surface .............................__ 158 -
Coats of the Cell Membrane....................... 164
amcias BRI S LN S TN 164
summ"y Th: Ceﬂ Surf&c ..............................
Roiencns ... s e 166
Addiional Rondigg """ st e 166
.................................................... 168
Part Five
TH
E CYTOPLASM AND CYTOPLASMIC _
Ohavter ORGANELLES
THE CYToPLAgy
& AND VACUOLAR SYSTEM
(Y‘Uﬁnm‘u;ullm 1
mmary: Cyyop asmic Ma : BN s et nn e s |
Cytopiasmic Vac:f:E? Matrix it . 173

General Morphgig. '™ ... e RS



CONTENTS

" joaprlinarii Vi ol Sysem

Tk

~"” I Ll HI"H'““" |’| ”“ V!" ”Ifh][ "’v"""l
w i rosorml b e hion

gy
gt ¢ ndoplsmic Reticulum

g
i of the Golg ( amplex

slation of the Crolg € omple x

MorpholOgY ..ooomoerees
l)l\lflhuli(m ......... D TR | W L e———
qummary: Nature of Mitochondria """"""
Summary: gpructure of M HOCHONEIR .. iocssvivrsrrersamsropsossenenes
[solation of Mitochondria and Mitochondrial Membranes )
qummary: Jsolation of Mitochondria.......ccovvvmmicivivaceraeicriacnes
Molecular Structure and FUNCLION ..coovvvreerirearcasmscsscrsmarsverasaens
Summary: Energy Transduction in Mitochondria ...... Soocrrproevases 218
permeability of Mitochondria ........cccoevecvmmnnriocnsincncas =
Summary: Other Functions of Mitochondria ........ccccoveemmmmmicces 223
Mitochondria as Semiautonomous OTganelles ......oocowverrrmrecees 224
B Repe R isaxsioiscsmier st ipiesca e S 228
Additional R . 50155 vorisvason iieusantmntathobesishinnieasns <ons 229
Chapter Eleven
THE PLANT CELL AND THE CHLOROPLAST ....cvcvcrnnmnnasnnnmmsncmrasermasassse” 231
Characteristics of Plant CollS......snnuismrr it ghRe gy Gt 231
Summary: Characteristics of Plant Cells........cooemmersnmmeseranmesess 237
DRGER.. .. sssmcppssrnran ST SRR 0P TG R 237
CHIOTOPIASNS ... es s xesssmssasanssmssessesseassssmsen s s 238
. =~ 243
e crrr s e P 244
Summary: Photosynthesis and the ChIOTOPIASL. ...covsceeoreeemsssese 250
References ........... TR TN e ey gl 252
Py e i S 254
part Six
CELLULAR BASIS OF CYTOGENETICS
% Chapter Twelve
7
INTERPHASE NUCLEUS AND THE CHROMOSOMES ..o 25
7
The Nuclear Envelope and Nuclear Permeability .- : ;2;




P

LONTENTS
U Rrastructure of the Interphase Nucleus EM
The Nucleolus ;6‘
Ribonuc leoprotein Structures 266
Heterochromatin and Satellite DNA | : 268

Summary Orgamzation of the Interphase Nucleus ... 271

R aforonces _ TETIE AT Tk Sy 01 Sl 3;3

Additional Reading VLTI IR PO o O SIS &

Chapter Thirteen

P L ———EU L L e e

e RTUsmnreses eI ELLL R A 274

Summary: Events in MItOSIS ..o — Zi

Condensation Cycle of Chromosomes ...........ooooereereerninneenne 277

Summary: Structure of the Chromosome .............ccovumemeeenninn 280

Fine Structure and Functional Role of the Mitotic Apparatus..... 281

Cytokinesis in Plant Cells ..........ooooiiiiiiiii 287

Summary: The Mitotic APParatus ..........covverinrmeimmamniaiiaens 289

T R G L o e TS - A o BPSATE  SES SE J 290

P TR R ST T (NS el ML UM g SOL AR 291

Chapter Fourteen

T L S R S e
R O MO ... .. s ssmsns i i i e 293
Meiotic Division I .....oooovveeeoo 294
Meiotic Division ll ....................... 300
Summary: Events in Meiosis ... 300
Samiy;‘_pwm"ﬂl Complex and Recombination..........:::.. ...... 302
ry: The Synaptonemal Complex ...
Giant Chromomomes s 305

Summary: Giant Chmmosomes....:: """""""""""""""""""""""""""" 39

Rem ................................................................. 310

Additional Readmg ........................................ 310

....................................... 311

Chapter Fifteen

CYTOGENETICS. CHROMOSOMAL
BASES OF GENET T

Laws of Hﬂ'edily .............

Yo it b s S s
Summwkf‘:nnmdi Rocombinating ..., "R 32
C L Gl ... | e 315
Chane vual Changes., . ~ e 318

BANgEs in Chromacn. . o 770 e eeenns

Sum ; -romosome Number e 319

mary: v“‘"’ﬂ! in Ch ber... . ...

Cytogenetic Effecy of Radi ORI i 423
ytogenetic Action i iation, T 326
ylogenetics and Eygy hemical Agenys e 127

mary: Mutagens :'llon ______ 130
R“’.’.‘“cﬂ -------- Ulations. ang Evolution 332
Additional Reading 133

""""""" R



apte’ Sixteen
, D‘TERHINATION AND HUMAN cho“""lc'

1
) l)ctrﬂ’"lnﬂ“llll

::: jinked Inhentance iy
“ummm., ( ytogenetics ol Sex ““”mm AT
Huﬂ“‘" (ytogenelics... o Wtion 147
Ihe Normal Human Kmymym. ' 4
Abnormal Human Karyotypes S TP 144
cummary: AberTations of Human Chromasomes. . 30
Rd’crrm‘c.s ....... LR L LIS LT TTTOT PN ......... i >
Additional RO S : “;
.................... 152

Part Seven

MOLECULAR BioLogy

Chapter Seventeen
CHEMISTRY OF THE NUCLEUS, THE CELL CYCLE, AND

S:IODUPI.ICATION ..............................................
.............................. 359
Cytochemistry of the Nucleus....................

DNA Content of the Nucleus.......,.....::: .................... i
summary: Chemistry of the Nucleus """"""""" ;22
DNA and the Cell Cycle 365

RNA Synthesis and the Cell Cycle............c.coooonnnn. 377

Protein Synthesis and the Cell Cycle ... 378
summary: The Cell CYCle ..o 379
REFETEIOES oovevrsssosnsorsosesasansabastonsanasat sasasssbatacsstseasssonesysussers 382
Additional Reading -5 iiie it i vnsdiniiensuiitinstreistnmnissecert: 383
Chapter Eighteen

RIBOSOMES: STRUCTURE AND BIOGENESIS ......oovnumeeememusmmensmsnieeeenes 384
Chemmical COMPOSILION. ....cvrsessssssssssssrsssssssressssssse 387
Summary: Structure and Composition of RibOSOMES. ...cccvenveseses ;gi;
Biogenesis of RiDOSOMES......ccovreeo G erapapeesiaTaapens AR -
Summary: Biogenesis Of RIDOSOMES.....cococoers=r ™" g
el TR 403
Aol 5 s miaea s P
Chapter Nineteen e 404

PROTEIN SYNTHESIS AND MOLECULAR GENETICS ..ocoovooorrer77

........... ‘09

The Genetic Code .............. 41l
Summary: Molecular Genctics..............---'-"""'"” ................ 412
Transcription of Genetic lnformation..........._...--::: ................. ‘I;

Messcnser RNA .,.‘ ..................... 41

Transfer RNA ......ocooeemems?0



6
Ribosomes and Protes Systhew 472
Summanry Prosemn Synihes 51
(enein Rogulston 1
Summary (enetic Regulation o
References %
Addasonsl Reading 4y
Chapter T wenty

ELL DIFFERENTIATION AND CELLULAR INTERACTION “
Nacieocyioplasmic interrelations n Protozoa 447
Molecular Events n Amphibuan Eggs 443
Mechaniums of Gene Expression . o
Gene Regulation i Eukaryons. .............cooovvvvviviiviivisiiiaanicn =2
Semmary: Regulation of Genetic Information...... 455
Rencwull of Cell Populations..............ccnneoveriisimstinsinsisosns 457
DR TR ..o s niooinissionsiis a e B s assoonosotesioSonsss 458
Summary: Intercellular Interactsons ... . 462
T R A N S S LU L ey
Part Eight
CELL PHYSIOLOGY
Chapter Twenty-one
CELL PERMEABILITY, ENDOCYTOSIS, LYSOSOMES, AND
I i iyt s s 47
Difusion or Passive Permeabdloty ... .. am
Cell Permeability and Active Transport ... ... __&£74
Semmary- Cell Permeability and Active Tramsport ... 479
. RS T T VT Y S 45
T el e s e s b e s 482
L.t R VT T 485
Peroxssomes and Glyoxysomes (Microbodies) ... 492
Semmary- Eadocyioss. Lysosomes. and Peroxisomes . 493
v S S 49
Chapter Twenty-twe

i s B
(),_d(’.hh-ll*gaﬂc-ﬂs..w_ iviiince TR

'






