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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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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 endoplasmic re-
ticulum (RER). the outer surface
of which is studded with ribo-
somes. The lumen of euch cis-
terna contains recently synthe-

sized protein. eventually to be : Fig. (10)

seereted. Note also the smooth-

surfaced endoplasmic reticulum —_—
(SER) in the bottom of the micro-
graph. Mitochrondria (M) and
elycogen (GI) may also be seen.
(Inset) A grazing section
(X37.000) through the cisternae of
rER shows a face view of the
ribosomes studding the rER. Ar-
-3 “rows indicate polysomes (see also
i; Fig. 5-23). (Cardell. R.: Anat.
Rec.. 180:309. 1974)
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Electron micrograph (x70,000) showing the region
in a sccretory cell where cisternae of 1ER abut on the periphery
of the Golgi apparaius. In scv 1 sites (arrows). sipooth-sur-
faced transfor vesicles are budd e from rER. They. transport
protein from the rER to the Golgi apparatus. (Pulade, G, Fo:
Proc. Natl. Acad. Sci. U.S.A., 52:613. 1964)

Chapter 5 . Fig. ( 11 )

Membranous vesicles (sa
three dimensions
>

) ‘: 2 '!v- ;

3/ distendea

Vesicle Q
6 > 4
ey

forming
face

transfer
vesicle

' budding Fig. (12)

flattened 2
.Vesicle parctly » .
o “i?;_"sirclfad curved tubular { L/

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

i ' “1ER cisterna
large flattened vesicles (as at lefr) are termed cisternae. i

. Diagram illustrating the formn!iun o_r transfer vc.si-
cles from the rER and their subseq:_oenl fusion with the rorrmng

fare Af the (laled S cbhiok aomee obaes SEeUSac - eeie







Secretory vesicles
leaving mature face'

Saccule

Transfer vesicles
reaching forming face 5

. Drawing of the Golgi apparatus of a secretory cellin three dimensions. The transfer vesicles bud
off from thz rER. which would be below. The secretory vesicles that bud off from saccules on the matudre face
become. in the iastance of acinar cells. the so-called zymogen granules. (Drawn from i model by J. Kephart:
illustration courtesy of C. P. Leblond) g

hapter 5
134 Cytoplas n and Its Organelles Chapter

Fig. 5-32. Di am illustrating how

: rcell coat vesicles budding from the Golgi sac-
r half cules can contribute cell membrane

/?Ute Y } of cell membrane and cell coat to the cell surface by

Z7~inner half fusing with it. Note that the outer half

of the vesicle membrane becomes the
: inner half of the cell membrane.

mature face

last Golgi saccule

Fig. (14)

10
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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?
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Flg. as)

Tlular d

(A) Electron mxcmgraph (X18 000) of primary and sec-
in a rat The pale area seen at the top
of the lllu.slrahon is part of the nucleus. (B) Electron micrograph of a

1 of i

from a follicular cell of the thyroid. (C) Electron
mn:rog—aph (X90,000) of a multivesicular body (the limiting membrane
of which is indicated by the arrow). (A, courtesy of C. Nopajaroonsri
and G. Simon; B, courtesy of C. P. Leblond; C, Friend DS, Farquhar
MG: | Cell Biol 35:357, 1967)

(. Uptake by phagocytosis

Enzyme leakage

Uptake by pinocytosis

Uptake by receptor-
mediated endocytosis

Recycling of receptors

Autophagy

r details, see text.

. & A
Extrusion by exocytosis
& "

during phagocytosis

Schemahc reprsenlatmn of the vanous forms of pamupahon of primary lysosomes in the
and For

==
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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)
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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)

12

Plane of symmetry

Peripheral doublet
microtubules

Cell membrane

Tubulin dimers

polymerized into microtubules

Protofilament

14
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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)

16



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.
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*+*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?.

18



Nucleus

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?.

19
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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,

21
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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)
T Higher magnification micrograph of the nuclear envelope. The arrows indicate nuclear pores. (Large
o\ micrograph, Miyai K, Steiner JW: Exp Mol Pathol 4:525, 1965; inset, courtesy of V.I. Kalnins)

15
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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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e aa He=g

e e e

T
t :
Signal sequence on polypeptide chain Lumen of rER Polypeptide chain

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)

RS, ——— e

P 18
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1Ayl pliasS ale

il pSall 4ANALY) AN g Jaladl) A pay algn A alal) I g
QX g Lagdal) LgiSlal B Amgalall dadYl g LAY Jaly At
LML daglonl) hilliphy 4uibasl) cliggall ol Gu da )l

Ay g
) alall N3 Ciagy s

Al g LDIAY) Ja1a dgibransl i gSall iy maa gig Jlgd) 1
o553 sSpal) Adne 55 el LgSa) B ngal

LOMAL daa ol gl il gl 9 Apilaansll cliglal) 038 (o Jaa ) o
A g

LSlal B Ailianst) il gSal) oda B iaad Al @l padl) a3
daph Al GigoBl cad dlly dawd¥y LAY L dagll
oalady LS L S JS O Cum & 2T o) dda ja S ) gus
A g UDIAL Jaldii g quS 5 8 il il B gea

ANgal) pa Labad oS8 AoVl LDAY JANy duiliat) el g<al)

Aot ) Agilrass])

Carbohydrates, Proteins, Lipids, Nucleic acid, Pigments,

Vitamins, Water, Anions and so.
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Nucleic acids
dy55) Lalaay)
aal) LSl e LA b aa g Buns cliia & 4l alay)
b G 3EA5 AN 4806l Salall DNA iy cuac RNADNA ole 5 A g

gl (B85 3 RNA aSady g 4400 ) 1) cila glaall

a3 gl Csan

) 1ae Lagh La () guad ddlidal) dauud¥) b AL AliaS () 32 99 DNA S o -

(Germinal Cells Jubial) Aaud) LA

gl B IS 5 AANRY) A (b CANIAS 4TS () 32 99 RNA Juad ol -
O g all LRAS Eua (e AIAT) Al Wiks AN B g (e 2al gl
1499 alaadl aladl cus il

calaadl dudds gl g Al Gias gl Nucleiotids <l slS gl Jias
S5 g 9 sy bed S (pe BaISe IS S g ¢ dggudl)
4l Gage liugd 4o ganay 5 ad) (g8l B3 dpall (e badin ¢(s w0

DOl o Al g ) a0 gl g ¢ Al g i Baslly 1 a8 (G gu Y B3
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(S Jadii g cilllald) 4l S s A g 1 purines Sl s -1
Adenine , Guanine
(S Jadii g Cilllal) dgala) ClS 0 (A 9 1 Pyrimidines Sl -2
Thymine, Cytosine, Uracile

ac) LY S pal) Ao (3l aidS pail) (ha cilian g8 A gana £ 35 a3 13

Adinosine, Guanosine, Cytidine, Uridine, Thymidine

Molicular Structural of Nucleic acids Components:
Pentose Sugar

Phosphate Group

Purines bases

Pyrimidines bases

Nucleotides

29
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1- DNA
Molecular organization of DNA

S g gy (S 9) (52 Q] Al e L)
p byl g) il ji8a Bae Cuadd e L) I prada g3

DNA s3> &) (A g(<IuilS suil) dely)) dokai Cpdd allal) 28 11950 Adw -
A OSh

laS ) Aol A-G-C-T Ao g iill a0 gl (e daylite Glaag (s
. Ay gludia
das o) Gle) dua Aol 4B G smadla allad) Gajle ;195240 -
I | gal)

¢ A=T(1=1) ,C=G (1=1) S5 ¢ dgluda Gl Al g 0l

C,G 4xaS £ gana o B gl JS) 098y 88 AT 4saS £ gana o) &

Al g il 2o g8l C Cma Baal 5 259 o @l G Juiud S

RN

Model of Watson & crick (Double Helix)
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(Tsaial) Guitadl o) culslll) 195440 el S 9 ¢y guadal g 73 g
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55 Cun (DNA ()2 (bl (ombadd) JSagd) il glll g Sl (4685 -
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5'\
y
; o el
' 1 Adenine
Minor . H TS
A groove HY-—1. W
0\ P3N N XN
P H—</ [ :
of \
0 9 J
| N~ SNTH
H,C
Major H
groove H H \N/H N
00 #H B N
¥ HZF\ - \N/
j 2HT
4 (l) N—< Il ™
H,C Cytosine Guanine

‘a

¢

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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¢ Abmia DNA b pd Om Al g all) 20 681 G aal g 1) Of Ll okl ) -
Melting of Denaturation <i a3 4xlary DNAG > (s 8 Sy 4lld
@ il dday DNAGRG sl o) kb, Bie) (Sa Lay

.Renaturation —annealing

Chromosomes, chromatin , DNA (s 43Mal)

o) g A giwgd) Cilisi g 0l Eukaryotes 2 DNA uaes Juals -
(Coila g S (91 A5 gleasn

iila g S Jad) 2,80 DNA (50> (e dpmaiy B gaa o guuga g 81 (568 -
Single threaded <« (Single chromatin thread 244

chromosome

~a5(Two chromatin threads) DNA > (e iS) (e sSh of -

Double —threaded chromosome

36



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

&l S.chromosome JS (2 DNA (s)» dslas 4le A
2 ) M- Phase 4aj (& audh & d.chromosome
Alia agugag S o Lol AL JS ggiad g S.Chromosome
AU @al S-Phase Als e b dulaad) odd Giand | Aba¥) A8 o guiga g S

A pall g Aalgl) a3 (e aad)

Mechanism of DNA Replication: DNA il 40180
187 V.L

A Ty g Laguiany Jgalegdliil) 413 2 DNA 50> b o) ad Tay -
Guaiia GUaypdl) muay (A jaiuy 4dSly gial B dlmedihia b
Adlma Gl 3 8l catlalad

ey Lalad Al ddaSe ddad (3alAS A 5 A Cilay 301 Baslusay Jay i JS faw -
LaS ¢« (uSally (usSall g (e Jila cpiad) JS (b e Uigral) Jalsill ol
Ofee® JS Jag i ad ¢ gaSally (uSally Gaegiie JiBa Cpilgs JS AL
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Ly ) A o) A hagi 5 s ¢ Al g gl Jal g 1L Lagudany g (i glata
JS¢ DNA s 2 Cush iy (L)) Jasal) Jaypddl A a0 gilly agadl)
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RNA and its different types

4s)gily RNA sasla

ARl o D ol g il 9l 8 dala) B gay 22 5 -

DNA 5> ¢ ) DNA fewd 48y 4k (il DNA 50> (» RNA Lad -
Ay &angy gRNA L (oSS Ao Jarg Liayl g DNA Jay i i s83 (8 J gina

B sl b

12 bldisee 4 DNA (& RNA alisy

SADNA (4 29254l Laly Ribose Swll 98 RNA (2 29 gall Sl **
.Deoxyribose

adenine, guanine, urasil , ARNA & Aol g sil) ac ) g8) **
cytosine

adenine, guanine , thymine, cytosine ADNA s> AW

& gall ary A dudany Ao iy 88 3 jda byl e 098 RNA (s **
s UgSy (PlalSia (pbay 3l (aDNA (552 Wl ¢ Aoy o

el ¢ L oS gisall ¢ Ay i) A 22 gy 9 450 ol Balal) & sS DNA™

b 2259 p b gl (B e g g ) 5% 9 sl A LD RNA W)
L o el
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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

dg 963 Lalaadl dale e L4l

*Reaction for organic phosphate: ciliu sill Ac garay (ald Joli
4 guand
Jiail) aoh oo Ay gsill paleaay) B i il ds gana (o LSS Sy
Ao g3 Ailil) i gl Cle gana dpdlaa a5 4y 9 6dl) (alaadd Alall
CSar ) a g ga¥) Dbl ga g B S sa iy i o g3 gaY) il g

G0 @S e Al B iy Eua 0 i) Ao gy Ade BB

N-Hcl 8 Allaall cibay 333 Adad gy il (dlal) Jlaih) dslas

AR Y g ¢ Cila g gag Sl A i gdl) e RSN aadius 48y ) ol -

AopilgasS gl ML) B ale Sy
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*Reaction for deoxyribose and ribose: (S g1l jSadls ald Jo i

¢ Jsmd Sadly Jsmy
bl Alal) Sl aladind o sdiad Jeldil) o) 48y yal) oda-
methyl g Jolilll a5 DNA,RNA 4ol Galeal) cily jad
<ua phenyl trihydroxyfluorone sthydroxyfluorone
AYURNA cliag, dgmal) G, ) Awdidh DNA by

. sl

*Reaction for purines and pyrimidines:

cacetylation or benzoylation 4des 52 o dalny Joliil) 12
(purines and pyrimidines) gLl dadlaa &l 45461l (alaal) ciliy 3

.tetrazoniumR &= Jeldill
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Reactions specific for DNA, RNA

1- Feulgen (Feulgen-schiff) reaction for DNA: ls8) ol sd Jelid
(i —

die N- Hel paelay Adfiad) dady) clelad dalaa o aaley Jolddl) \da-
¢4 (purines) cile gaaa A1) ol G Gad Al Jad) 60 BJ1s da e
DNA o el (¢35 gm ) (oS gaall ) (A aal) Cle gada (19S55 DNA
o Jolly dua did Jglaay clelall) Lelua Al Jadl) ddee b -
Agall 2 3,5 sa) Purple daga g o4 sy A Gle gana
A g9l Al g Sl
Result: DNA ===} pyrple dye
C1l- (e Al pust N-Hel 48 Y 1055 DNA @ oald Jeldil) sa-

l3gds cribose (sja (A Gaad ¥y 8 us G s<iDeoxyribose s & C2

. DNA liyja b L ) 5<T5 apalY) cile gana 1
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2- Methyl green- Pyronine method for DNA & RNA:

DNA , RNA (& sl (g o Jhsall (31 b

Methyl green , Pyronine (Asa (s kuld aladiu) oy 48, k) oda A.
Jisaly A8luall 448 A1 DNA &) bl I= DNA, RNA 48lua b
Ol A8 Lual) L8 I RNA  Cra

aa ik anan) Alalaa oy Cum o Gliagpd gl JoleUsd A8y k) 138 8 addiy-
Caal) iy cleUadl) d8lua ol 5 (RNA g (o 11) 518 5l g
Aelua Agd oy g 1S gl ga ) an il Adlalaae Cadi 3 pUREY (o Gl sidy
. DNA, RNA (e M d8lua 438 ol G gud JAY) gLl La) Jaid DNA

o OB aalall douay (i gl A O (bl Ao A8 lLual) L) pands ot
A Lua ol 4 jaly da 3 B J3 1)) DNA ) 335 Cua ¢ (RNA) 3aldl) 43 50
. OF gl

5usa 2 DNA 295 oubal o (noa disall d8Luall DNA 4L -

Al pda culid] 1) &S ALAAY 138 g gz 93 e da yd

DNA EEEEEEN)  GREEN
RNA EEEEES)  RED
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Carbohydrates
Al oA 5 <Y 3 gall

SR A5 jm g1 < 3 gall (<E 9« C, H, O (e (988 Ay guae 3 g0 A
el el Ldee 31k 08 «C02,H20 (A9 Al L jalas (pa 4lil) dgudy)

.photosynthesis
Co+tH20 ~ =)  CsH120s

ol aly Cuaccilibdl) o A0S ) JNA fha 481 o g jSI) 3 gal) o ol gaad) Juaan-

oabaia¥) A g Aoty 31 ga ) 3 gall Gl 3 gag

) e Jgantl i) jaall 3 gall oda et

19 ) 4.2-4.3 K.C
AiliasS gaat) ) gall Cpa ST Ll U gSa ) gal) 038 i
Ribose — Nucleic acid

Galactose m—) Fats
Lactose o) — Milk

neutral mucopolysaccharides — Chitin

complex acid mucopolysaccharides — Heparin
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Classification of carbohydrates
A 5 S 3 gal) Cyieal
s ) il Sy
: Monosaccharides ss«ill saa -1
4 glal) LEEY) DA 285 Jallae 45 gSa Y gast g plal) B gl

sugars ¢— la sk g

:Disaccharides Sl 4uilii-)
oSl Baua g il Sl Jia

:Polysaccharides sSwdll suae-3
LEEY) (pa MY 4y g & 3 ga A gSa Y gasl) o) plal) B ki Y
4, 5lal)

1-Monosaccharides _Swill 3aa g

«C N (H20)n  4alad) Ay 1) Adpaall) (A s g2 S 3) gal) £ g0 Jacs) (A

s o) Qssh @l d ase b o Lgdiial Sy

Trioses C3He03 AENAN AaaY aly Sl
Pentoses CsH100s Laladl) oY) el Sy
Hexoses CoH1206 L) AalaY) ey Sl
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L) g LAY A 1aa) 95 81931 S dpaaldead) g dpaladd) dpalal) cily Sl it

4l gaal)
455530 Gaalaadt Aulu) il gSall (pana a6 s Apwladd) il Sud)-

Ribose CsH100s

Deoxyribose CsHipOy me— DNA — CpS) 34 Jiy
H
i oH < o
L i ow ‘ gl o
B R X FfC={f L
o \—-\«‘?goH Sk 0N
S CH C —cC
‘ : oH oH
: @\\3 e Deo’)(y yibes€
- L) (aCH1206  Aalal) ddsall & dscdand) by Sl
Glucose, Galactose, faractose
Chille " 'H_‘””‘“ TR %
AL & =0
Ho C Bl o5 AT
W< off lc c
H< ol thes ¥ o / Clzolf
B (L Hv/ =S
\A ey e
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2-Disaccharides Sl 4l

die g sla i 8 aa Sadll dgalal) cily Sl G Gl ja ) dail ¢ oS
Agaay) il Sl (e Ca o (s plall Al gy Lgdidat o) Lgaicar

-H20

2 Coiz0r " CizHzzO:

+H20
Glucose + Glucose = —————) \altose s omddl S
CH,OH
O
(39 )

Glucose + Galactose  eo———— L actose il S

O O
HO4H \ o H i H
4 )
H\ OH H OH H OH
i T . D ¢ H o oH ..
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Glucose + fructose — ——————  SUCIOSE s quadl) S

CH,OH

3-Polysaccharides _swill saas

4 glsa e ()88 aa Sudil) Basa g ciliy Jad) Cpa e ) uaSS Cha 3 gall 038 () o<

slall Sl Ja G gl
NCesH105 m—— (CaHloOs)l’H‘ N Hoo
o\g\é%ﬁlﬂb&ﬁgﬂ\@dﬂ\ LS pall 034 aaf

A0l V) A5 50 3 S 31 gall 5 35510 6 ) gual) ¢ L)

Photosynthesis
Co2 + H20 Starch

B3 Ol g Cun 2 5ally 4l RS o ()68 ol UsSa sLally Jlay

51



\ & r____cK O/<L_6
ST R e
Jlady — il (lary sda g iliye A e 9% Wl e g si: INUlin Ol
A8 (B il S it andiin — 3 gal) pa ol dary Y- 568 8 L)

(Ll anan) Ll Alal) JIail) ¢ha B gua Dextrinds sswsall-

e (o Ao ) i gSall saal ga s il sSila (e 98 :Cellulose Jsbded)-

3al) aa (ygd (g1 (i Y — el B g Al LDIAY
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SSadl) Bagae 3 gall £ 6
Lawal) Aoy
Eua Bamie JWE 9 e B doawal) Ayl @ ANgall 3 da g
il gia) B AL oSty ¢ o) gandl) Jaldil) g dagadall & Lgda Lagh (AliAS

COlelds dlaa) Ldy b oo aly Al A a g Sl g 4 Sid) e gasal) e

L2392 g halall e ¢ g 3 gall albcpgbiﬁ\géem

LY
Glasdl) ) Clish g yul) ga daala -2 M&QJSMSJM‘;_]_

1Y) () Ll (S
1-Simplepolysaccharides

2-Mucoid substance
3-Glycolipids

4-Ascorbic acid
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1-Simple polysaccharides
Aol Sul) e Y gl
JoSalall Aty 5AnN 3 guall ga gecin gSalal) Bala laga g W JAS) g Lgaa)
b Sl Gl el Aall el duaddgldall LAl 28 DA A
cJJSAN\uUAJAUA&JAMuSJAUJSAMLAuLAAJA\JMU il aly)
Byga b st issSslal) s Gn 6 B sl B3 die gl sy

O oSalal) cfis oy g ) clifla A i g by ddags ja il

C_Hy_o‘? o
Ol /
/ili (1N

)

/
\)ll P 8 1) \()” / )
=V b

: dgal) LAY b ey sSulal) i gic

2aa A () 5l Ol + O sSela
sATAl) AV g LDAY) 8 (s gSulal) s 65
O8I paal () (palS Gy e 1 oSl
iy gl Q@d Jelli e
s slal) aga g et L) PMA G G pSalad) bl
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O oSalall jedia Jolll ¢ (liastase amylase « Cpp sl

Al Aas
daléant) WAL A craa gSalat) aa g
g ¢ slaa¥) ¢ 830 8l monosaccharaide dasudl iy Sadl o juaa
pail
Muscle glycogen

- Liver glycogen 4asti LAY A ¢ oSidad) aa g
1 (s Ry

2y de e Jaty: Lyoglycogen Jiail) Jgw dus sSila -1

& gad)

34l 8w ;' Desmoglycogen <ul Cma sSila -2

s Ol ydaa 4o

il gl andan i) o8 Jiad Al Apalay) g) Ansed) 4y Sl alall-]

. Gl Sl g

g O sl Jlad A isilinal) DAY (b 415l (o 30) S Gaalan)
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Distribution and mode of occurrence of
glycogen in liver cells

Al LAY A cpa salal) aa) g Jaaig a9 3 o8

sdaald) Lal) LDIAY) 8

dpatad) 4 puad) LAl (B Ay 0N (B 3a 50 W g a0k glead) (B ) i 20 g
s Addial) dyasl) LAY 8

1idia A0 G e 550 (B LadSa 23 g (819 B piilad ) gucy 22 99 ¥
Jazd L) Wicpa oSulal) cudi Y Cuilg o) g culidial) o) Al U3 g LD M
agal) B AwaSi ) g3 Laa LYIAY Jaa L L) sl Lgale) 48 a0 o
Bdia i 5 gl o2y Al gLEE (e Ay e cafiall Jsaal Ataal
ey g i sira mual GSlge dgal) LAY (A Cua gSilal) da 68 5 gual
O oSalaldl g p 3 alky
O oSalal) g up 3 alla o caladl)

4l cleUad aladinl-1

o2l (14 %1 b 28l (e paal) B s clie k-2
Aa) 3 Ay gra Al 25 Lasdgalad) cilidal) aladin) J8 4881 aal dlua 5 oY)
alad) Cilana
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2-Mucoid substances
Adaliiall a1 gal) Lils
¢ SeSalall Jia Sl Baa g iy Ja (pe G 9SE A5) 0 5 S 3 54 A
(B JruS g As gana e Yy (NH2) duia) cilan g e 5 giad Lgislg
. (Glucosamine) ¢mal ) sSals las gy lan gl) 038 o 121 ¢ gSulal)

slaa¥) 48 ja Jasdilt g elall uauama.)mgé?u 099 cali 3 gall 0da g

A0l 2 sall g

He=o
W C A,
Hoc
« H C of/
il _ap

CHeoff

G\uwcos amine

s Y o) el (S g
Mucopolysaccharides 4l jsuil) saae-1
Mucoprotiens 4z gl 4hliall-2

Glycoprotiens 4 gl b Swll-3
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1-Mucopolysaccharides
dulaldal) ) Base
Ay g Baalia g ¢ JaBd Ayisal 4y S Cilaa g (pa ) gall 038 () oSS

o2 Jia dyglandl p& o) dliig ) eSlal) aala Jia 4y guand) (alaa)
PO (o) andl il 38 pal) ey )
:Nutral mucopolysaccharides dataiall Aaliall jSudl) 3yse-]

o Ol Jia i dina) 4 S ilaa g o (g gia
Acid mucopolysaccharides: dxaalal) 4hlial) Sudl) Syse.)

A9 pae Lalea) pa Baaie dplia) Ay S clia g o (g gl
¢ Ay guas
(O H e g
Simple acid  Aapel) dpdaalal) dalial) il Seal)-A
:mucopolysaccharides

oaala Jia 4y gae (alen) g dsla) 4y S ilaa g o (g gl

el g 98]l

iy ) sallp (aala Lo sl ) (o
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Complex acid S sl dpdaalal) Ll ey Sull- B

:mucopolysaccharides

2 s Al gpas palaal g Al 4 S claag o (g giad

Gl Jie Ay g
Aalaial) dbalial) Sl Byae 3 gall JUa ¢ Chitin Guiasd)
cililaiall g el yall a4 JSel) B 4 g
Glucosamine duise¥) el Sl (pa duwsS 5 Cilaa g ¢y oS-

) aad Jile aady 8! i, die CiES) (Say

Abalaal) 4y Sl 31 sall JUa :Hyaluraic acid € slbgd) paals

CHzoH|— |, dasual) Audaalal)
COOI
—0 )(\ o
~— () aalat duiial Ay S Gl g (pa (oS
)
e ))ll NILCO.CH R
— 1o} ; »JJJSS‘S.Q‘

iy gll NS gealad) NS S8y Eua Llle B el B gua (B 2 5o

Hyalouronidase s 4dawl g2 ¢ gdll S
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48 jall dpdaalaldl lalial) 4y pSead) 31 gall Jia :Heparin Cuolegd)

9 iy Sl (laalateli g ) S gladl (laala + dualial 4y jSaw ilda g (e (G 9S0-

CHLOS0,01 (‘00N CIHOSO\H C'OON ‘ﬂ.‘.JJL‘Jﬁ‘
() ) = Ul ()
Ol t>~~“' Ol ’>'~_“_ Ol oo\ on (Yoo nggéuu‘ A g
NILSO|I Ol NILSO OS50, ;{ww‘
VYL Te— I
o Mast cells

Anticoagulant adll kalad ada o Jary-

480 clpaa i o jglan

2-Mucoprotiens
A g ) Aghaliall

BLAY c(&\w\@lﬂ) Q@Jﬁ@ﬁ@%\%ﬂﬂ\h\g&a&gﬁﬁ_
A gall 83 Cpa %% 4 Auiia¥) il <)

Bromophenol blue fuai lasc cid J glas aa dglag) cBle i Jan
Gl g ) ey el
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Lpaaiad) il ga gl g dslall) 2aad) )80 B 3 A<y aa 65 -

3-Glycoprotein

Agi g ) il S
JB) 985 Aniia¥ by Sl dsead ) WY ¢ ALl Aui g jall Audalaial) 3 gal) Jia-
%4 a BB ) «

Ganl) (abg pdll Jua b 6 IS a5

3-Glycolipids
4y Sl ol I
Sl g Sl S (e ) 5ST-
(Phrenosin Jie (A g dumanl) Aol 33 58 aa 65 o) gall oda-
Kerasin
Ay S Bale + Aol palea) e dlad A Sl gl
Sphingosine +

Sl g o Al daldl) Glhually duaty ¢ il aa o ga Jold ando
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4-Ascorbic acid or vitamin C

€ Okl o) i ) oS (aala e

BansY) cililes (B 3ol g 38 Jamye A o g3 K1) ) gal) Ciliidia da)-

AL A B 5 1S, 33 gaed) R g
adrenal cortex 2 gy Al gaall Aoy 8 352 g1l 5 a0

45803 Sl 4 dodaalall dadl) el i + dlu ) g8l (aala -
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Histochemial Identification of Carbohydrates

LiibaasS giausd 450 5000 53 S 31 gal) essla g7

b LaS 3k oy LiilsaS gl A s g3 S ) gal) mda g5 (iSay
1-periodic acid-schiff reaction (PAS):

LBAY & dale B ) gacs A s g1 jSI) ) gall s gl (§ plal) Juad) 48y jhal) o2a yiasi

Aganaal) Al g
delua Al i) 1 olisles ey PAS Je il |3a-

Oar 9 AL o g1 Sl ) gall BauS) B (o B S sa Jale g g¢ b gal ) (dala adiicy-

53 s B e gall Ada) ) { ) A3 3Y) 3 sl
3 O 8352 gl ddal 1) e f—CH C - 5¢¢ s AY) 3l gal

- - ‘
Gl gana 2:1 Abb Ao B39 gall o\ H © H C2-C3 o s
Jdesida

|
P
]
b2g
()
0

Al Cle gana ) cle ganall s34 Jgad dlldygc ;oS gladl QU,L};‘;ASAJQJAS\

LAl aaaly) cile gana S Y paalall ol Lle
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%H,OH CH,

OH
% O
+ H “ O~ H H =
-. + HIO, —= H H
H . - | |
g 08 g

CpS oll) Jolaa aa LI Gish oo WHhe RS (e 4dgSiall aaaly) Cile gaga-
faall 4383 LS e (98 duae il Jolaa A G eSiallc LEUCOFUCHSING Y asse
. (el

i) B Adladl) J salal) e pana ApaS Lo adling ¢ gSiall () oll) Aas-

Bate g Adalilal) i g sl g dale 4350 0 gy K11 3) gal) uda 6 (4 PAS Jo Uil addiny -

-

LSl cldgudlc oSl awdid) ol dldy Addbdal) Ablda) sl
Lowsd Cal jaal

-1 Alels 5 (<l Jslae ) LEUCOFUCHSING s e (S sill juan 43 51
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)0 500 35l el S 55

a3 e

e aMYylase Y w31

diastase sl oy 5-2

iy ) sllagl) (adls ¢m— Hyaluronidase Jati ) sdla . 3il-3
5 palad) 5 gl 3 ke

Acetyl anhydride i o , effective of glycole
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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.
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» 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
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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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