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ctron microscope (EM), microvilli vary widely in appearance. In some

L icrovilli are short, irregular, bleb-like projections. In other cell

cell types, M tall, closely packed, uniform projections that greatly increase the

types, they are (qr‘ea => Shiheay iy p soe Lo oS el e Al Al 33y )

e Ll ol AL oy WO 0 B s sl

) \fl g @,.Sc‘—“c"“‘“dl . ;

TR d shape of the microvilli of a cell correlate with the cell's .

e id and absorb metabolites

ive capacity. Thus, cells that transport flui . 2 G
ahsorml\’: closely packed, tall microvilli. Cells in which transepithelial transport
:la|\,;eS:§d?:,e have smaller, more irregularly shapeq mIC.FOVl”I.. Skl
s i Lo S ety G B O S o e mlc{nglllJ us.‘:, o
Lc-\‘ epiliwelium of the small intestine Ji 4 5 5 psia shkiay ?-‘:“T* )“5 “' -" :I}SJ
3l Aglad) 30 0 5Y Al 3 gl 4 U1 ) (g alisiaY! 2y u)—‘-—* phec:
* Cytoplasmic extension like a tube s diles 5 2Y1 dgall; > 52 fise 4a e 4sa fragile
structure wba jle pes sy Jul ,
Ttl?ecitnlemal structure of microvilli contains a core of 20 -30 actin filaments that
are cross-linked by several actin-bundling proteins. :

e Theeir barbed (plu);) ends are anchored to villin (bundling protem located at the

tip of the microvillus). The other end interacts with the terminal web (a

horizontal network of actin filaments, which lies just below the base of the

microvilli = close to the apical surface of the cell).

The actin filaments inside the microvillus are cross-linked at 10-nm intervals

by other actin-bundling proteins such as fascin, espin, and fimbrin. This

cross-linkage provides support and gives rigidity to the microvilli. &

* Among the fluid transporting epithelia (epithelium of the intestine and’ kidney
tubules), a distinctive border of vertical striations at the apical surface of
the cell, representing an astonishing number of 15,000 close-packed microvilli,
is easily seen in the light microscope. In intestinal absorptive cells, this

’ surface structure was originally called the striated border; in the Kidney

E . tubule cells, it is called the brush border.

® microvilli are usually short and not nume
i | escape detection in the light microscope.

The microvilli of the intestinal epithelium (

ordered and are even more uniform in

constitute the brush border of kidney cells.

rous, which explains why they may

striated border) are the most highly
appearance than those that

Mestine )\ G waciovy N Gy S5 W)
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the epididymis
of the male

long, immotile microvilli

It was given the name cilia AS yaia ha L3l oy e
are not widely distributed among epithelia and limited el
(convoulted channel), the proximal part of the ductus delfer o
reproductive system, and the sensory (hair) cells of the inn€ : {o s
Because olvcli-on microscopy reveals their internal structur e
some histologists now Uuse the term s i hairs
these processes frequently resemble

gregate into pointed bunQIes.

are cross-linked by

d toward the tips of the

unusually long microvilli,
Seen in the light microscope,
of a paintbrush because of the way they ag
are supported by internal bundles of actin filaments that
fimbrin. The actin filaments' barbed (plus) ends are oriente

stereocilia and the pointed (minus) ends at the base. deen g i
Stereocilia of the sensory epithelium of the ear are sensitive 1O

vibration and serve as sensory mechanoreceptors rather than absorptive
structures. They are uniform in diameter and organized into ridged bundles of
increasing heights, forming characteristic staircase patterns.

actin-binding protein, ezrin, closely associated with the plasma membrane
of stereocilia, anchors the actin filaments to the plasma membrane.

The difference between microvilli and stereocilia, other than size and the
presence of ezrin, is the absence of villin from the tip of the stereocilium.

é,\ c\lia

Cilia:

are common surface modifications present on nearly every cell in the body.

are hair-like extensions of the apical plasma membrane containing an axoneme
(microtubule-based internal structure). The axoneme extends from the basal
body (a centriole-derived, microtubule-organizing center (MTOC) located in the
apical region of a ciliated cell)

Cilia + basal bodies + basal body—associated structures = ciliary apparatus

cilia are classified as motile, primary, or nodal

® Matle clia R
@ primary clia o
@ Nedd C,\\\Cl—% B0 Gy g\en)

(psa
Nodal cilia: -
- are found in the embryo on the bilaminar embryonic disc
embryo Ji ki, 155 W



y

Motile cllia: i
short, fine, hair-like structures 0.25 ym in diameter and 5 to 10 pm in

(on Nev<€

length
Motile cilia and flagella possess a typical 9+2 axonemal organization (A =>

13 proioﬁlamem, B => 10 protofilament) with microtubule-associated
motor proteins that are necessary for motility

Basal bodies and basal body-associated structures firmly anchor cilia
in the apical cell cytoplasm

The basal body, a modified centriole, functions as an MTOC consisting
of nine short microtubule triplets arranged inaring |

Aand B microtubules are continuous with two of the trlp|et m|cro.tubules of
the basal body. The third incomplete C microtubule in the triplet
extends from the bottom to the transitional zone at the top of the
body near the transition between the basal body and the

basal

axoneme - e
responsible for moving mucus over epithelial surfaces or facilitating
the flow of fluid and other substances through tubular organs and ducts
give @ “crew-cut” appearance to the epithelial surface

B

CE It e cut ))_-;w) pwec\obﬁcxb?@c} Vo ypSe 50

(espiredet e,p}t \\\.\YV) :
SUCRe\\ \)u&emeﬂtmcmbw@\ @A\JD\ Lo LA ah b W
b Tl (e B, 6 L A0 b L 2

e Primary cilia (monocilia):

- are solitary projections found on almost all eukaryotic cells

- a single cilium per cell on the apical part

- contain a 9+0 pattern of microtubules

are immotile because of different arrangements of ~microtubules in
the axoneme and lack of microtubule-associated motor proteins.

- function as chemosensors, osmosensors, and mechanosensors,

and they mediate light sensation, odorant, and sound perception in
multiple organs in the body.
30 el 0o s 810 oy i Lo 5t 558 gl i) B OIS s
Lal e i) _L“J LSS Ll s primary ciliad! J>\a ¢~ sensors S erpln s
lgam s L e chemicals, osmotic pressure and mechanical forces J!

i O NSO F"SB,q

53 Docal Dedies Losh 50 50 pﬁmarﬁc\\'\a S EM S gy



Yhe a{ dowatn aid 445 SPw“hwdw
N el o - Al Adnesion:

e The lateral domain is characterized by the presence of unique protelns => cell
adhesion molecules (CAMSs) that are part of junctional specializations. =
W\LJM)MJM&AJCA#‘]QJ&?}QM\

e The molecular composition of the lipids and proteins that form the lateral Ce|‘|
membrane differ significantly from the composition of those that form the apical
cell membrane. W Aalall gk 5 Ledl s 5 JS a5y Calids ) 5Sa
The lateral cell surface membrane in some epithelia may form fold_s al?d
processes, invaginations, and evaginations that create interdigitating and
interleaving tongue-and-groove margins between neighboring cells. ‘

a2 5 ) glad) i)l e (3ikie (S 4ne Jaliey = 2ie 5% plasma membrane z=-

* 05 el Y mechanical support (bxu s Wl o interaction J) Aalee 53\-3-) e
0555 junctions ) geal 2abss
Junctional complexes are responsible for joining individual cells together.

There are three types of junctional complexes: Occluding junctions, Anchoring
junctions and Communicating junctions.

Q occ\uo\mj) WCHoNs:

e Occluding junctions: 7
- impermeable and allow epithelial cells to function as a barrier

b "P Lae - called tightjunctions and form the primary intercellular diffusion barrier
\:&) )\';m 3y between adjacent cells.
e - - \they maintain physico-chemical separation of tissue compartments
; {;m\’ - Because they are located at the most apical point between adjoining
AAQoulY o:\qsi epithelial cells, occluding junctions prevent the migration of lipids
AR

and specialized membrane proteins between the apical and lateral
Uon;ccuular Qj“ﬂpﬁiﬁﬁfes, @s maintaining the integrity of these two domains

| S US)
380 Soc \\PPidD Y. |ateral part J ¢= o5 d e 05 apical partd) SIS S AT RA W
KA’)! \ -- recruit various signaling molecules to the cell surface and link them to
= VT P 4the actin filaments of thgggll | cytoskeleton 1 sealine c% \n&uce\\u\arspue
\ntestiréf | U- Eg zonula occlud_ens (pl.‘, zon'ulae occludentes) represents the most
Q’»\\Cv Ja{j apIC?‘ compor}ent in the junctional complex between epithelial cells
] M>="" At high resolution, the zonula occludens appears not as a continuous
.J”f-‘ \ (y\,%\.) seal but as a series of focal fusions created by transmembrane
OJS")L"( ' proteins of adjoining cells that join in the intercellular space.
W~ - The arrangement of these proteins in forming the seal is best
US\-%"‘l?J; visualized by the freeze fracture technique,
jo\P :

When the plasma membrane is fractured at the site of the zonula
occludens, the junctional proteins observed on the P

) ' -face appear as
ridge-like structures. The opposing E-face surface of the fractured reveals
complementary grooves resulting from detachment of the protein

particles from the opposing surface.
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¥ CELLULA
THE BASAL DOMAIN AND ITS SPECIALIZATIONS IN CELL-TO EXTRA R
MATRIX ADHESION
The basal domain of epithelial cells is characterized by severa

: v cate
e The basement membrane IS a SDCc'““ZOd S”Udur? IZ tissue stroma.
domain of epithelial cells and the underlying connec '\:It the extracellular

e Cell-to-extracellular matrix junctions anchor the cell {0

, idesmosomes.
s 2dhesions and hemide
matrix; they are represented by focal adhe 0
¢ y are rej ace the cell sur-face area and facilitate

| features:
d next to the basal

e Basal cell membrane infoldings incre wapellular matrix proteins.
morphologic interactions between adjacent cells and extra
Base and Function
ment Membrane Structure wen to an amorphous, dense

originally g

urfaces of epithelia.
basement mem
a few locations

ally, the urinary bla
e seen IN

e The term basement membrane was

layer of variable thickness at the basal s
t structure referred to as

brane is observed

such as the
dder and ureters,
the light

e Although a prominen
with hematoxylin and eosin (H&E) stain in
trachea (respiratory epithelia) and, occasion
basement membrane requires special staining to b

microscope.
e This requirementis ¢
stain, which makes it indistinguishable from th

connective tissue. ' 4
ning technique results in

In contrast to H&E, the periodic acid-Schiff (PAS) stai
e basement membrane. It appears as a

thin. well-defined magenta layer between the epithelium and the connegtivg
ties of proteoglycans, accumulating In

tissue. The stain reacts with the sugar moie

sufficient amounts and density to make the basement membrane visible in

the light microscope. =
e Techniques involving the reduction o

basement membrane and are also used to demonstrat

Although the basement membrane is classically described as

associated with epithelia, similar PAS-positive and silver-reactivesites can be

demonstrated surrounding peripheral nerve supporting cells, adipocytes, and )

muscle cells; this helps to delineate them from the surrounding connective :

tissue in histologic sections.@

aused, in part, by its thinness and by the effgct of the eosin
e immediately adjacent

a positive reaction at the site of th

f silver salts by the sugars blacken the =
e this structure.
exclusively

The examination of the site of epithelial basement membranes with the EM
reveals:
a discret - i i
. the;se ;ﬁhee:iy;r ::‘1 sletﬁt;ogdc;:nset matrix material 40- to 60-nm thick between
cent connective tissue called i
or, sometimes, lamina densa. 3RSy lanina
. ZVhenrobserved at high resolution, this layer exhibits a network of fine. 3- to
-nm 'nlaments composed of laminins, a type IV collagen molecule, and o
;ssocnated proteoglycans and glycoproteins ’ R
¢ Bet i i '
el \'/;c:ir:];h?ubzsal lamina and the cell is a relatively clear or electron-lucent area
TR contair? a (also about 40 nm wide). The area outlined by the lami
et The: extracellular portions of CAMSs, mainly fibronectin and lamini i
: € receptors are i i ; v
i members of the integrin family of transmembrane
¢ With the development of n
ew EM preparation techni
appears to ' e SIRgRe lami '
ism;om dbe an a_rtnfact of fiaxation; in the living state th i lumda.
posed of a single layer of the lamina densa Rebgedcle Ly

)
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EXOCRINE:

e Exocrine glands are classifiged as either unicellular or multicellular.

o Unicellular glands are the simplest in structure. In unicellular exocrine
glands, the secretory component consists of single cells distributed among
other nonsecretory cells. A typical example is the goblet cell, a
mucus-secreting cell positioned among other columnar cells. Goblet cells are
located in the surface lining and glands of the intestines and in certain passages
of the respiratory tract.

o Multicellular glands are composed of more than one cell. They exhibit
varying degrees of complexity. The simplest arrangement of a multicellular gland
is a cellular sheet in which each surface cell is a secretory cell. For;:
example, the lining of the stomach and its gastric pits is a sheet of
mucus-secreting cells. Other multicellular glands typically form tubular
invaginations from the surface. The end pieces of the gland contain the
secretory cells; the portion of the gland connecting the secretory cells to the
surface serves as a duct. If the duct is unbranched, the gland is called simple; if
the duct is branched, it is called compound. If the secretory portion is
shaped like a tube, the gland is tubular: if it is shaped like a flask or grape, the
gland is alveolar or acinar; if the tube ends in a sac-like dilation, the gland is
tubuloalveolar. Tubular secretory portions may be straight, branched, or
coiled; alveolar portions may be single or branched. Various combinations
of duct and secretory portion shapes are found in the body.
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Mucous and serous glands are so named because of the type of secretion
produced. The secretory cells of exocrine glands associated with the various body
tubes are often described as being mucous, serous, or both.
e Mucous secretions are viscous and slimy, whereas serous secretions are
watery. Goblet cells, secretory cells of the sublingual salivary glands, and
surface cells of the stomach are examples of mucus-secreting cells.

The mucous nature of the secretion results from extensive glycosylation of the

constituent proteins with anionic (negativ charge) oligosaccharides.

e The mucinogen granules, the secretory product within the cell, are
therefore PAS positive.

¢ they are water soluble and lost during routine tissue preparation. For this reason,
the cytoplasm of mucous cells appears to be empty in H&E—stained paraffin
sections.

e Another characteristic feature of a mucous cell is that its nucleus is usually
flattened against the base of the cell by accumulated secretory product.

¢ serous cells produce poorly glycosylated or nonglycosylated protein secretions.
The nucleus is typically round or oval. .

e The apical cytoplasm is often intensely stained with eosin if its secretory
granules are well preserved. The perinuclear cytoplasm often appears basophilic
because of an extensive rough endoplasmic reticulum, a characteristic of
protein-synthesizing cells.

e Serous cell-containing acini (sing., acinus) are found in the parotid gland and
pancreas.

* Acini of some glands, such as the submandibular gland, contain both mucous
and serous cells (serous cells predominate).
The sublingual gland is mixed serous and mucous tubuloacinar gland in which
mucous cells predominate.
In routine tissue preparation, the serous cells are more removed from the lumen
of the acinus and are shaped as crescents or demilunes (half-moons) at the
periphery of the mucous acinus. => articraft 4 s submandibular gland
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