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PREFACE

A
i

THE cell is the fundamental unit of structure and function in a living
organism. Yet recent advances in cytology have shown/that particular
constituents of the cell have specialized biological roles. Consequently,
in contemporary experimental cytology, the cell is reduced to its com-
ponent parts, which are then studied in great detail with new techniques
and instruments. The subcellular particles, however, have no real inde-
pendence in the general scheme of biological activity, as Laurence Picken
points out: *

The proper attitude is to accept the cell as given, as an organism. At its own
level of organization it is a unity; and it remains a unity, though with our
analytical mental equipment we conceive it more easily as a plurality of dis-
criminated organelles. Those attributes of the whole unit which we are always
seeking to project into its componenis are only true of the whole, wo matter
how far we succeed in resolving the unit into smaller and smaller components,

Cytologists today are not content with a mere identification and
description of a cell and of cellular components and activities. These
are .meaningful only when related to the heredity, physiology, and de-
velopment of the whole organism, Emphasizing ‘the experimental evi-
dence for the interdependence of genetics, bis€hemistry, and development
by indicating how cytology links certain aspects of these sciences, this
approach to the study of cytology is thus contemporary rather than his-
torical, although constructed on a morphological basis. The critical and
significant achievements of cytologists from the seventeenth century to
the present are treated in a summary. Providing a comprehensive, bal-
anced survey of the field of cytology for the undergraduate or graduate
student and stressing the dynamics of the discipline by introducing the
reader to the experimental literature, the presentation meets the needs
of both the student with only a basic background in biology and chem-
istry and the advanced student. ¢

The text is divided into three parts, The Cytoplasm, The Nucleus,
and Nucleocytoplasmic Relations, which are further divided into short
chapters dealing with specific cellular components or cellular behavior,
This arrangement permits an instructor to adapt the subject matter to

* The Organization of Cells, Oxford Univ. Press, London, 1960, p. 164.



x] PREFACE

his class requirements. A list of references for further reading follows
each chapter. ;.. -

The author gratefully acknowledges the assistance of Professors
Norman H. Giles and Morris Foster, who read all or part of his manu-
script, of the many investigators who allowed the use of their illustra-
tions, and of all those who have participated in the preparation of this
volume, v

NorMaN §. CoHN
January, 1964



SUMMARY OF HISTORICAL
EVENTS

We shall not cease from exploration

And the end of all our exploring

Will be to arrive where we started .

And know the place for the first time,
——T. 8. ELIOT, Four Quarteis

1590 .
Z. JanssEN and H. JansseN produced the first operational compound
microscope. 1661

M. MacrricH1 (1628-1694) discovered capillaries; confused blood corpus-
cles with fat globules; suggested cells when referring to “utricles” and
“saccules.”

1663

R. Hooke (1635-1703), first curator of the Royal Society of London,
described cork and other cells; introduced the term cell; published

Micrographia. 1674

A. vaN LEEUWENHOEK (1632—-1723) improved microscope lens systems by
grinding; observed sperm, bacteria, and protozoa; observed, but did
not identify, nuclei in bloed cells.

1682

N. GRew (1641-1712) described bladders and pores in wood and pith;
published two illustrated volumes on the microscopic anatomy of
plants.

1759
C. F. WorrF (1788-1794), founder of embryology, made reference to
“little globules which may be distinguished under a microscope.”

1809
J- B. LaMARrck (1744-1829) stated the importance of the cell in the living
organism.
1823
J. B. Amier (1784-1860) observed the development of the pollen tube.

1824
R. J. H. DuTtrOCHET (1776-1847) separated cells of Mimosa by boiling in
nitric acid; “All organic tissues are actually globular cells . . . united
only by simple adhesive forces.”
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1825
F. V. RaspAIL (1794—-1878) used iodine for the detection of starch; devel-
oped the frozen-section technique; beginning of cytochemistry.

1828

R. Brown (1773-1858) observed what is known as the Brownian move-
ment.
1830
Awmici observed the entrance of the pollen tube into the ovary.

1830—-1837
J. E. PurkinjE (1787-1869) studied the anthers of flowering plants, the
odcyte nucleus of the hen’s egg, and ciliary movement; introduced the
term protoplasm; used microscopes with a resolution of just under 1
micron.
1833

BrowN discovered the cell nucleus in a flowering plant.

1835
H. vox MoHL (1805-1872) described cell division and emphasized the
importance of protoplasnt.

1838
M. J. ScHLEIDEN (1804-1881) observed nucleoli; provided an explanation
of the cellular derivation of plant tissues; formulated the cell concept,
although with erroneous views.

1839
T. SCHWANN (1810-1882) applied the cell concept to animals.

1845
A. DonNE (1801-1878) studied spermatozoa, using photomicroscopy for
the first time, with L. FoucauLrt.

1846
K. NAceLr (1817-1891) showed that plant cells arise from the division of
pre-existing cells.
Awmici showed that the egg in the ovary is stimulated to develop.into an
embryo by the entrance of ghe pollen tube.

1849
W. HoFMEISTER (1824—187%) studied nuclear division in T'radescantia
stamen hairs; observed fertilization.

1855
R. VircHow (1821-1902) confirmed the principle that cells arie only
from pre-existing cells (“Omnis cellula e cellula”),
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1858
VircHOw published Cellular Pathology, showing the importance of the
cell in disease and cancer.

1865

G. MENDEL (1822-1884) developed the fundamental principles of heredity
(rediscovered independently by Correns, DE VRiEs, and TsCHERMAK in

1900).
1867

L. ST. GEORrGE discovered what was later called the Golgi apparatus.

1870
W. His (1831-1go4) invented the microtome,

1871

F. MiEscHER (1844-1895) isolated nuclei and nucleoprotein.

1873
H. For (1845-1892) described spindle and astral rays.

1876
0. Herrwic (1849-1922) studied reproduction in the sea urchin; con-
cluded that fertilization involves the union of sperm and egg nuclei.

1874
E. ABBE (1840-1908) produced oil immersion objectives with a resolution
of o.25 micron.

1879

For showed that only one sperm enters the egg in fertilization.

1881

E. G. BaLsiani (1825-189g) discovered larval salivary gland chromosomes
in Chironomus.
1882

W. FLEMING (1843-1915) proposed the term mitosis; showed that chromo-
somes split longitudinally during nuclear division, and formation of
daughter nuclei; refined techniques of fixation and staining; suggested
a correlation between chromatin and nucleic acid.

1883
E. vaAN BENEDEN (1845-1910) showed that in Ascaris the number of
chrdmosomes in the gametes is half that in the body cells.

W. Roux (1850-1924) proposed that the chromosomes contain the units
of heredity.
1884

E. STRASBURGER (1844—1912) described fertilization in angiosperms.
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1886

R. ALTMANN (1852-1901) stained the granular components of the cyto-
plasm (including the mitochondria) and suggested that they have a
role in cellular respiration.

AssE developed apochromatic lenses.

1887

VAN BENEDEN discovered the central body and indicated that it is the
origin of the aster.

1888
T. Boveri (1862-1915) described the centriole.
W. WALDEYER (1836-1921) introduced the term chromosome.
STRASBURGER showed that when gametes are formed the chromosome
number is halved in the cell divisions preceding pollen grain and
embryo sac formation.
1892
A. WEISMANN (1834-1914) indicated the importance of the germ plasm
as independent from the body cells and as the only carrier of inherited
variations, in his theory of “continuity of the germ plasm”; stated that
the chromosomes are the most important part of the nucleus.
Boveri described meiosis in Ascaris.

1898
C. Gora1 (1844-1926) described the Golgi apparatus in nerve cells.

1899
C. Benpa discovered and named the mitochondria in spermatozoa and
other cells.
1900
C. GarNIER introduced the term ergastoplasm.
K. E. Correns, H. DE Vrizs, and E. TscHERMAK rediscovered the funda-
mental principles of heredity, first developed by MENDEL in 1863,

1901

DE Vrigs (1848-1935) postulated the occurrence of mutations in hered
tary material in his work with Oenothera.

STRASBURGER introduced the term plasmodesmata.

19o2

C. E. McCLuNG (1870-1946) identified the sex chromosomes in Henidy
tera.

W. 8. Surton (1876-1916) showed the significance of reduction divisicx
proposed the chromosome theory of heredity.

1903
E. BucHNER received the Nobel Prize for discovery of the first enzyme.
Boveri showed the importance of the chromosomes in development.
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1904

*  Meves demonstrated the presence of mitochondria in plant cells.

1905

J- B. FaxmEer coined the term maiosis (meiosis) with J. E. Moore.

1907

R. G. Harrison developed techniques for growing tissues in culture.

1909
F. A. Janssens indicated that chiasmata are produced by exchanges be-
tween chromatids of nonhomologous chromosomes.

1915
T. H. Morean (1866-1945) published The Mechanism of Mendelian
Heredity; correlated genetic studies with cytological studies in Dro-
sophila.
1920

A. F. BLAKESLEE discovered trisomics in Datura.

1921
C. B. Brinces observed triploid intersexes in Drosophila.

1923

Brinces discovered duplications, deficiencies, and translocations.

1924

“EULGEN and H. RossENBECK described a test for the presence of DNA.

1926

A. H. STURTEVANT discovered inversions.

1929

4. J. MuLLER studied the production by X rays of mutations in animals.

1928
J. StADLER studied the production by X rays of mutations in plants.

1981

STERN presented cytological proof of crossing over in Drosophila.
i. B. CreicuroN and B. McCrinTock presented cytological proof of
‘crossing over in corn.

1932

» . KnoLL and E. Ruska produced one of the first electron microscopes.

1935

. ZERNICKE introduced the principle of phase-contrast microscopy.
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1938
T. CasperssoN began development of ultraviolet photomicrography fo:
the study of nucleic acids.

1944
O. T. Avery, C. M. McLeop, and M. McCarTy showed the significance
of DNA as the hereditary material by studies of transformation in
bacteria.
1946

MuLLER received the Nobel Prize for work in radiation genetics.

1948
A. Borvin, R. VENDRELY, and C. VENDRELY showed the quantitative con-
stancy of DNA in different cells of the same organism.

1952
R. Brices and T. J. Kine made nuclear transplants in embryonic studies
and showed the importance of nuclei in differentiation.

1953
J. D. WaTtson and F. H. C. Crick proposed a model for the DNA mole-
cule.
1956
S. OcHoa succeeded in the in vitro synthesis of polyribonucleotides.
A. KorNBERG demonstrated the in vitro synthesis of polydeoxyribonucle-
otides.
P. I. Marcus, S. J. Cieciura, and T. T. Puck developed methods for
growing human cells in culture.

1958
G. W. Beapig, E. L. TaTum, and J. LEDERBERG received the Nobel Prize
for work in the field of genetics.

1959
F. SANGER received the Nobel Prize for determination of the amino acid
sequence in insulin.
OcHoa received the Nobel Prize for the in vitro synthesis of polyribonu-
cleotides,
KORNBERG received the Nobel Prize for the in vitro synthesis of polydeoxy- -
ribonucleotides,
1962
WATSON and-€Rrick, with M. H. F. WILKINs, received the Nobel Prize for
their_model of the DNA molecule.

REFERENCE: A, Hughes, 4 History of Cytology, Abelard-Schuman,
New York, 1959.
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PART 1

The Cytoplasm
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CHAPTER ONE

Morphology and Chemistry

ITH the advent of the electron microscope, a relatively recent

event in the history of the biological sciences, the physical and

chemical organization of the cell became a subject of intensive
and rewarding study. Prior to the availability of this remarkable instru-
ment, information pertaining to the structure of the cytoplasm was rather
sparse. This is not to_imply that nothing was known about its construc-
‘tion, but the details of structure were not clear. In the years following
1940, several types of instruments were developed that removed many
of the limitations 1mposed upon the study of cells. Not only was there a
need for an increase in magnifieation, but there were, and still are
in some cases, nééds for techniques to permit the study of cells under
more natural conditions of life and growth than were possible with exist-
ing methods. Some of these techniques and instruments will be described
in Chapter Two.

One might questlon a morphological approach to the study of the cell
on the basis of its value to an understandmg of cell function,| but this
objection has little ]ustlﬁcatlon. It is necessary to determine the frame-
work ot the cell in which the various activities take place. For this reason,
the use of techniques involving the electron microscope and other optical
instruments has provided a rapid advance toward an understanding of cell
function as well as cell structure. As is the nature of science, the informa-
tion obtained from a variety of studies is not always accurate in fttas of
the actual cellular condition. The handling of cells for observation ofien
changes them in such a way as._to increase the possnblhty of.mxsmtergrg—.
tation of the observed material. Th:g roblem is related to to “the earlier
statement toncefﬁmg the desir abig' y;£ studying cells under normal liv-

ST

ing conditions rather than tunder artificial conditions created in the
laboratory by the use of available techniques.jIn addition to the problem
oTTxTa?cufacy of observations or the determination of the actual cellular
structure and behavior, there are sometimes as many interpretations of the




