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Histochemistry

Relation between the chemistry and cell

& tissue

** The structure and functions of cells and Tissues are

chemicals material and chemical reactions.

**The structure and functions of organism are

chemicals material and chemical reactions.
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Table 4-1 Components of the Cell Cytoplasm

1 ‘ Cytoglasmlc Organellesl
A. Membranous organelles
- - n
Cell membrane or plasmalemma (including the cell

coat and microvilli)
Mitochondria
Rough-surfaced endoplasmic reticulum (rER)
Golgi apparatus
Secretory vesicles (granules)
L.ysosomes
Coated vesicles
Endosomes
Peroxisomes
Smooth-surfaced endoplasmic reticulum (sER)

B. Nomnmembranous organelles
Ribosomes (iree ribosomes and polysomes)

Microtubules

Centrioles l assembled
from

Cilia and flage'la J microtubules

Filaments |

ﬂ ‘ﬁytqplnm ¢ "aclusions ' ,
w e i
A. Stored foods
slycogen

Fat (lipid)
B. Pigments (occasionally present)
Xogenous e
Carotene ; ?

Carbon particles
2. Endogenous
Hemoglobin
Hemosiderin
Bilirubin
Melanin
Lipofuscin (hpuchrmne plgment)

Other

Cytoplasmic matrix (cytosol)
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Cell coat

Cell membrane

OUTER ASPECT

Integral protein
Integral glycoprotein = 25
Peripheral glycoprotein ——————— L.
absorbed)
e ATT ARAT™A — Geotpa
}Lipid bilayer
l — Phospholipid

(integral)

Transmembrane protein n
WG

ipt protein
l— TN
(integr:
— Peripheral membrane protein
INNER ASPECT
Fig. (6
7g7 ( ) Electron micrograph of the cell membrane (top) with a schematic diagram of its molecular
= organization (bottom). (Micrograph, courtesy of M. Weinst
Cell coat
Flg' ( 7 ) Electron micrograph (X75,000) of the cell coat of an

absorptive epithelial cell of the small intestine (cat). The cell surface
projections seen below the cell coat are microvilli. (Courtesy of S.

Ito)
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Membranous vesicles (sacs
three dimensions

. o
K% R
distendea

Vesicle Q
/
@ £
NS s EAT \
curcved tubular
vesicle

flattened
.Vesicle parctly
2 flatteneca

vesicle

Diagram illustrating in thrce dimensions the various
shapes of cytoplasmic membranous vesicles. The cut surface of
each vesicle shows what it would appcar like in a section. The
large flattened vesicles (as at lefr) are termed cisternae.,

Electron micro-
graphs showing the rough-sur-
faced endoplasmic reticulum in
the cytoplasm of a liver cell (from
a rat treated with cortisone). In
the large micrograph (X38.000).
note the paralle! cisternae of
rough-surfaced Jopl: ic re-
ticulum (RER). the outer surface
of which is studded with ribo-
somes. The lumen of each cis-
terna contains recently synthe-
sized protein., eventually to be
seereted. Note also the smooth-
surfaced endoplasmic reticulum ——
(SER) in the bottom of the micro-
graph. Mitochrondria (M) and
elycogen (Gl) may also be seen,
(Inset) A grazing section
(xX37.000) through the cisternae of
rER shows a face view of the
ribosomes studding the rER. Ar-

“rows indicate polysomes (see also
Fig. 5-23). (Cardell. R.: Anat.
Rec.. 180:309. 1974)

egraph (x70.000) showing the region
in a sccretory cell wher ernae of 1ER abut on the periphery
of the Golgi apparaius. In al sites (arrowys). sipooth-sur-
faced transfor vesicles are bud ng from rER. They transport
protein from the rER to the Golgi apparatus. (Palade, G, F.:
Proc. Natl. Acad. Sci. U.S.A., 52:613. 1964)

Chapter 5 . Fig. ( 11 )

forming
fusion face

transfer
/ vesicle

 budding Fig. (12)

|  “NrER cisterna

. Diagram illustrating the farm:u!ion o_l' transfer vesi-
cles from the rER and their subsequent fusion with the forming
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Secretory vesicles
leaving mature face'

Saccule

Transfer vesicles
reaching forming face

. Drawing of the Golgi apparatus of a secretory cell in three dimensions. The transfer vesicles bud
off from th2 rER. which would be below. The secretory vesicles that bud off from saccules on the mature face
become. in the iastance of acinar cells. the so-called zymogen granules. (Drawn from 2 model by J. Kephart;
illustration courtesy of C. P. Leblond) L

hapter S
134 Cytoplas n and Its Organelles Chapte

Fig. 5-32. Diagram illustrating how

cell coat vesicles budding from the Golgi sac-

/OUter half cules can contribute cell membrane

} of cell membrane and cell coat to the cell surface by
fusing with it. Note that tke outer half
of the vesicle membrane becomes the
inner half of the cell membrane.

mature face

last Golgi saccule

Fig. (14)



Histochemistry

Continues of Relation between the

chemistry and cell & tissue

** The structure and functions of cells and
Tissues are chemicals material and chemical

reactions.

**The structure and functions of organism are

chemicals material and chemical reactions.

How to prove the chemistry of the cell and tissue in

terms of structure and function?.

How can you explain that an organism is structurally and functionally

composed of chemicals and chemical reactions?



Fig. (18)

~ intracellular disp

Primary
lysosomes

Secondary
lysosomes

Schematic

of

(A) Electron micrograph (X18,000) of primary and sec-
onaary ly in a rat phage. The pale area seen at the top
of the illustration is part of the nucleus. (B) Electron micrograph of a
primary lysosome from a follicular cell of the thyroid. (C) Electron
micrograph (X90,000) of a multivesicular body (the limiting membrane
of which is indicated by the arrow). (4, courtesy of C. Nopajaroonsri
and G. Simon; B, courtesy of C. P. Leblond; C, Friend DS, Farquhar
MG: | Cell Biol 35:357, 1967)

& Extrusion by exocytosis

Enzyme leakage
during phagocytosis

Uptake by pinocytosis

Uptake by receptor-
mediated endocytosis

Recycling of receptors

Autophagy

representation of the various forms of participation of primary lysosomes in the
i 4 crials Aad obitlate ¢

ganelles. For details, see text.
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Outer and
inner membranes

ristae—

Matrix granules

rER with
attached
ribosomes

Fig. (20) _

% i (A) Electron micrograph (X86,000)
and interpretive drawing of mitochondria in the
tracheal epithelium of a rat. The arrow in the

Outer membrane micrograph indicates a matrix granule in the mi-
tochondrial matrix. The two parallel lines seen

Inner membrane between the mitochondria represent the cell
membranes of two contiguous cells separated by
an intercellular gap. (B) Higher magnification
electron micrograph of a mitochondrion in a
Chinese hamster ovary cell prepared by freeze-
substitution. This method preserves the unit-
membrane appearance of the inner and outer
mitochondrial membranes and also that of the
rough-surfaced endoplasmic reticulum, a cisterna
of which is seen at the top of the micrograph.
(A, courtesy of M. Weinstock; B, courtesy of L.
Arsenault)

Mitochondrial
matrix

et
DAY

Flg' ( 21 ) Electron micrograph (X15,000) of adjacent cells containing mitochondria, two of which
(arrows) have an appearance consistent with the process of division. The one on the right has a
barely discernible, narrow, clear transverse band extending across its central constriction, lessening

the likelihood of alternative interpretations. (Courtesy of L. Arsenault)

11



Longitudinal section Transverse section

Central singlet
microtubules

Tubulin

Dynein arms

Fig. (22) _ . . o :
L Diagrammatic representation of the structure of a cilium (for details, see text). In the
~ peripheral doublet microtubules, the microtubule that is provided with dynein arms is made up of 13
rod-shaped protofilaments, each consisting of tubulin dimers arranged end to end, that extend the entire
length of the microtubule (bottom right). Its companion microtubule has only 10 or 11 protofilaments
of its own and has to share the remainder with the other microtubule (bottom right). A rigid radial spoke
connects each doublet to an inner sheath that surrounds the two central singlet microtubules (center
and fop right). There are also flexible nexin linkages between adjacent doublets, but for simplicity these
have been omitted. (Courtesy of ]. Sturgess and T. A. P. Turner)
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Plane of symmetry

Peripheral doublet
microtubules

Cell membrane

Tubulin dimers

polymerized into microtubules

Protofilament
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Cilia

Fig. (23)

E Photomicrograph of the pseudostratified ciliated co-
lumnar epithelium with goblet cells that lines the trachea. Indi-
vidual cilia can just be discerned on the luminal border of the
ciliated cells. The goblet cells are producing mucus.

 Fig.(24)
. Electron micrographs of a cilium cut in (A) longitudinal
section and (B) transverse section, obtained from ciliated epithelial
lining cells of a bronchus. This figure may be compared with Figure
4-34, which illustrates some of the details that can be seen. (4,
courtesy of J. Sturgess; B, Sturgess |, Turner TAP: In Chernick V,
Kendig E [eds]: Respiratory Diseases in Childhood. Philadelphia,
WB Saunders, 1982)

Microtubules

Microv

Basal body

Rootlets

Fig. (25)

~__ Electron micrograph of a ciliated cell in the epithelial lining of a bronchus, showing cilia

and microvilli on its luminal border. (Sturgess J: In Quinton P, Martinez R [eds]: Fluid and Electrolyte
Transport in Exocrine Glands in Cystic Fibrosis. San Francisco, San Francisco Press, 1982)
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Flg' ( 26 ) Electron micrograph of a region of the cytoplasm

~ of an endothelial cell from pig aorta growing in tissue culture,
showing microfilaments, intermediate filaments, and micro-
tubules. (Courtesy of V. I. Kalnins)

Cell coat material\ — -

Microvilli with internal 3
bundles of microfilaments .

F lg' ( 27 ) _ (A) Electron micrograph (X7000) of the striated border of an absorptive epithelial cell. (B)
: Higher magnification shows its microvilli and its superficial covering of cell coat material. At the bottom
of the micrograph, bundles of microfilaments can just be discerned extending down from each microvillus

toward the terminal web. (Courtesy of L. Arsenault)

Microfilament
bundle in
microvilli of
striated
border

Junctional
complex

Microfilament

Myosin filament

~— N ——

> Desmosome

—

Fig. ( 28 ) Diagrammatic representation and electron micrograph of the striated border of intestinal
absorptive epithelial cells, showing a tentative interpretation of the manner in which the microfilament
bundles, which are present in their apical microvilli, are arranged with respect to their terminal web.

14 Sliding of these microfilaments past myosin, depicted here as short filaments, is believed to affect the
height of the microvilli. (Micrograph, courtesy of D. Murray and A. Pittaway)




Histochemistry

Continues of Relation between the

chemistry and cell & tissue

** The structure and functions of cells and
Tissues are chemicals material and chemical

reactions.

**The structure and functions of organism are

chemicals material and chemical reactions.



**Cytoplasmic inclusion,

cytoplasmic matrix

How to prove the chemistry of the cell
and tissue in terms of structure and

function?.

How can you explain that an organism is
structurally and functionally composed of

chemicals and chemical

reactions?.



Nucleus

How to prove the chemistry of the
cell and tissue in terms of structure and

function?.

How can vyou explain that an
organism is structurally and functionally

composed of chemicals and chemical

reactions?.






Chromatin

Nuclear sap

Nucleolus

Nuclear
envelope
(membrane)

Lining cell
of sinusoid

‘.!

Elg‘\( 29 ) The appearance of the interphase nucleus in a liver section stained with H & E. The nucleus

in hepatocytes contains extended chromatin and chromatin granules, whereas that in the lining cells
of sinusoids contains tightly packed condensed chromatin,
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Rough-surfaced
endoplasmic reticulum

Nuclear pore

Nuclear envelope

Chromatin granule

Peripheral chromatin Condensed

chromatin

Nucleolus-associated
chromatin

Extended chromatin
(23) Jsa

Extended chromatin

Peripheral chromatin
(condensed)

Inner and
Outer Membranes of
nuclear envelope

Ribosomes
Flg' ( 30 ) Electron micrograph (X14,000) of the nucleus of a rat hepatocyte in interphase. (Inset)

-\ \ 5 Higher magnification micrograph of the nuclear envelope. The arrows indicate nuclear pores. (Large
e\ micrograph, Miyai K, Steiner JW: Exp Mol Pathol 4:525, 1965; inset, courtesy of V.I. Kalnins)
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30 THE INTERPHASE NUCLEUS

“\_Inner and outer membranes
of nuclear envelope,

Fig.

g ( 31 )_ Schematic diagram of the interconnections between the nuclear envelope and cisternae of
the rough-surfaced endoplasmic reticulum. The inner and outer membranes of the nuclear envelope
are continuous with each other at the periphery of the nuclear pores.

16
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g mRNA
NI m,.‘uﬁuqt\m}q 7
= Sy,
& , (s

=

o ——— e e

AN
),

I
Polypeptide chain

t
Signal sequence on pol tide chain Lumen of rER
9 oo el without signal sequence|

Flg' ( 32 ) Schematic representation of the process of protein synthesis being carried out by ribosomes
bound to the rER, according to the signal hypothesis of Blobel and Sabatini. This series of diagrams
depicts the main events that are taking place in the cisterna of rER indicated in the electron micrograph
above. Five stages are shown in the binding of a ribosome, the synthesis of a polypeptide chain, and
the segregation of this chain as a secretory product. See text for details. (Micrograph, Cardell R: Anat
Rec 180:309, 1974)
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Lumen of acinus

Zymogen granules
being discharged

Formed secretory vesicles
~ (zymogen granules)

Basal surface

Flg.(33) : . . . .
= g Diagram of an acinar cell of the pancreas, showing the sites where grains are seen in EM
radioautographs prepared from samples of tissue taken at different times after injecting an animal with
tritiated leucine. (Courtesy of C. P. Leblond)
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Carbohydrates, Proteins, Lipids, Nucleic acid, Pigments,

Vitamins, Water, Anions and so.
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Nucleic acids

d3553 aleay)
LIS araa LA 8 dag BaS aliia A 4l Jalay)
QAT ANAS) el Baldl DNA Jiar Euac RNA DNA gle § (o4 ggndl

Ofigual) (3185 A RNA aSady g 4450 ) gl) cila glaall g

A
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¢ dggaill palaadl 4lidl cilaa gl Nucleiotids < ol guil) Jias

b (osmy S9) 59 8 Ioml) ubed S (pa BALIS gud JS S T

VB (s Sl B3 Al (e ge i gb A ganay © aB ) (53 S 3 Asali (g
s Ole 58 A g il ae) gl g ¢ Agiia g i Bac

1S Jadi g cilllal) Al LS ja A9 1 purines Ll s =)

Adenine , Guanine

(s Jadig clilal) Lala) S ja A Pyrimidines cilidia -

Thymine, Cytosine, Uracile

a) L) S gal) e gllal A0S 6l (ha Ciliag 98 Ao gana £ AT 1)

Adinosine, Guanosine, Cytidine, Uridine, Thymidine

Molicular Structural of Nucleic acids Components:
Pentose Sugar

Phosphate Group

Purines bases

Pyrimidines bases

Nucleotides
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1-DNA
Molecular organization of DNA

S g gy (S 9) (52 Q] Al s L)
p by Bl g) il jiBa Bae Cuadd e L) G praa g3

DNA s O (2 s(laiilS guil) duely)) dgolad (pdl allad) adf 11400 Al -
Ga GoShy

ClaS ) sl A-G-C-T i g il 201 58l (o Aaliia Clan g (e
A gludia
das ) olel dua Lol 4B ¢ suadly allall gl ;140 YA -
I | gal)

¢ A=T(1=1) ,C=G (1=1) ¢Sly ¢ dygluda Gl dpia g2l

C,G 4aS oana (o J8) ) JS) (58 B AT 43aS £ gara o) 1

Aba gl 20 68N Cma Jay) 5 agay (A @l O Jaiw) S

. Adlidal)
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; o el
' 1 Adenine
Minor . H TS
A groove HY-—1. W
0\\ /O H N N
P W ’ .
of \
0 0 J
| N~ SNTH
H,C
Major H
J_ groove H H \N/H yN
W B [l N
¥ HZF\ - \N/
" 0’ 0 _< AN
oL I s
Cytosine Guanine

A - : B '
The DNA double helix. A, Diagrammatic model of the helical structure, showing its dimensions, the major and minor grooves, the periodicity of the bases, and the
antiparallel orientation of the backbone chains (represented by ribbons). The base pairs (represented by rods) are perpendicular to the axis and lie stacked one o
another. B, The chemical structure of the backbone and bases of DNA, showing the sugar phosphate linkages of the backbone and the hydrogen bonding between the
base pairs. There are two hydrogen bonds between adenine and thymine, and three between cytosine and guanine.
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Chromatin granules:

It seen in interphase cells represent a massed condensed
regions of S-chromosomes in G1 and they are distinct from D-

chromosomes in G2.

Replication of DNA

il S.chromosome JS (2 DNA ()» ddclaas 4de A
2 ) M- Phase 4aj B audlhy &a d.chromosome
Alia agugag S Ao dgh A JS s 4ia3 My S.Chromosome
Al @al S-Phase Ala e (2 duleal) o2a iaad | Ala¥) A o g ga g S

A pall g dalgl) a3 (e aad)

Mechanism of DNA Replication: DNA el 4841810
187~ 7.L
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RNA and its different types

4s\gily RNA paala
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Types of RNA

Messenger RNA (mRNA)
Ribosomal RNA (rRNA)

Transfere RNA  (tRNA)
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Histochemistry
Histochemical identification of nucleic
acids

General reactions of nucleic acids
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*Reaction for deoxyribose and ribose: (S 53l Sudly (ald Jolds
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Reactions specific for DNA, RNA

\- Feulgen (Feulgen-schiff) reaction for DNA: &s2) ol Jolid
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2- Methyl green- Pyronine method for DNA & RNA:
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Carbohydrates
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Ribose — Nucleic acid

Galactose m—) Fats
Lactose o) Milk

neutral mucopolysaccharides — Chitin

complex acid mucopolysaccharides — Heparin
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Classification of carbohydrates
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1-Simple polysaccharides
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Distribution and mode of occurrence of
glycogen in liver cells
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2-Mucoid substances
A dalaall ol gall Ll
¢ SeSalall Jha Sl Baa g iy Ja (pe 9S54 0 g S 3 5a A
(B JaeS g Ae gana e Y (NH2) Avisal Clan g o (5 gial Lgisl g
. (Glucosaming) el sSels cilaa gy claa gl) 038 s 12 g6 5 gSaladl

slaa¥) A4S ja Jasdili g plall (abialial dpes B Ay 93 canli 3] gal) 234 g

LS EPAEIF

HC= &

W< A,
Heoc H
¢ H C o4/
s Hc oy

CHeoff

G\wces awine

d oY) ) gl (S g
Mucopolysaccharides 4sbliall jSual) 3aae-
Mucoprotiens 4xis gl dualiall-¥

Glycoprotiens 4 gl <l Sed)-¥

oy



1-Mucopolysaccharides
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4-Ascorbic acid or vitamin C
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Histochemial Identification of Carbohydrates
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Protein

» Proteins are huge biomolecules consisting of one or more amino
acids. Proteins perform many and many functions within the
bodies of organisms, including: stimulating metabolic reactions,
replicating DNA, responding to stimuli, providing structure to
cells and organisms, and transporting molecules from one place
to another.

>

» Proteins differ from each other mainly according to the sequence
of their amino acids determined by the sequence of nucleotides
of the genes coded for them.

» This sequence of amino acids determines the folding of the
protein into a special three-dimensional structure that determines
the activity of this protein.

>
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> Individual amino acids are bound together by peptide bonds to
form a linear chain of amino acids called polypeptides, the
protein contains at least one long polypeptide molecule.

» Short polypeptides containing less than 20-30 amino acids are
rarely considered proteins and are often called peptides and
sometimes as peptides.

>

» The genetic code identifies 20 protein generators, but the
genetic code for some organisms may include
Selenocysteine, and in some arteries it can contain
Pyrrolycin.

» During the biosynthesis of the protein or shortly after it,
the chemically-formed amino acids are modified via post-
translation adjustments, which change the physical and
chemical properties, fold, stability, activity, and finally the
function of these proteins.

» Proteins sometimes have non-peptide groups bound to

them, which can be called enclosures or associated factors.



» Several protein molecules can work together to achieve a
specific function, often bonding together to form stable
protein compounds.

>

» Proteins can only survive after being synthesized for a specified
period and then analyzed and recycled by the cell mechanism
through a process known as the protein cycle .

» The age of proteins is measured according to their half-life and
includes a wide range, where they can exist for only minutes or
for many years. The average age of proteins is 1-2 days in
mammalian cells.

» Disrupted or folded proteins break down incorrectly faster
because they are intended to destroy or are unstable.

>

» The genetic code identifies 20 protein generators, but the genetic
code for some organisms may include Selenocysteine, and in
some arteries it can contain Pyrrolycin.

» During the biosynthesis of the protein or shortly after it, the

chemically-formed amino acids are modified via post-translation
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adjustments, which change the physical and chemical properties,
fold, stability, activity, and finally the function of these proteins.

» Proteins sometimes have non-peptide groups bound to them,
which can be called enclosures or associated factors.

» Several protein molecules can work together to achieve a
specific function, often bonding together to form stable protein
compounds.

>

» Some other proteins are important in transporting and receiving
cell signals, immune responses, cell adhesion, and cell cycle.
Proteins are needed in animal and human food to provide
essential amino acids that cannot be synthesized. Digestion
breaks down proteins for use in metabolism if needed.

>

» Proteins can be purified from other cellular components using
various techniques such as: contrast centrifugation,
sedimentation, electrophoresis, and chromatography.

» Genetic engineering advances made protein purification easier

by using related methods. Common methods used to study



protein structure include immunohistochemistry, specific site
mutagenesis, X-ray crystallography, nuclear magnetic
resonance, and mass spectroscopy.

>

» Proteins are not solid molecules, because in addition to these
types of structures that they take, they can switch between
several related structures while doing their jobs.

» These changes in structures due to the performance of the
function, whether triple or quadruple, are called "formation”, and
the transformation between them is called "formation changes".
These changes are most likely caused by the binding of a
substrate molecule to the active site of an enzyme, or to a region
of protein that contributes to chemical stimulation.

>

» In solutions, proteins undergo structural transformations as well
due to thermal vibrations and collisions with other molecules.

» Proteins that are related to standard triple structures can be
divided — informally — into three main sections: spherical

proteins, solid proteins and membranous proteins. Almost all
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spherical proteins are soluble in solutions and many are
enzymes.

» Solid proteins are often structural, such as collagen, which is
one of the main components of connective tissue and keratin,
which is the protein that combines hair and nails. Membrane
proteins act as receptors or provide channels for the passage of
polar or charged molecules through the cell membrane.

>

» There are special states of hydrogen bonds inside the molecule
in proteins, and they are weakly protected from water and this
means that they are subject to self-dehydration called dehydrons.

>

» Proteins are the main functional molecules within a cell, they
perform specific processes by the information encoded in genes.

» With the exception of some types of RNA, most other biological
molecules are inactive elements compared to the action of
proteins, proteins make up half the dry weight of the Escherichia
coli cell, while other lipid molecules such as DNA and RNA

make up only 3% and 20%, respectively.



» A group of proteins expressed in a specific cell or cell type is

known as protium.
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