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Prokaryotic vs. Eukaryotic Cells

* All cells (prokaryotic and eukaryotic) share certain basic features:
— bounded by a selective permeable cell membrane
— Cytosol, in which subcellular components are suspended.

— Centrally located genetic material or chromosomes, which carry genes in the
form of DNA ___________ { R M\méo\»wmﬂ\m’\/wgm%ea)gm

__________
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* * * *

JA major difference between prokaryotlc and eukaryotic cells is the DNA location

* Inaeukaryotic celly most‘ of the DNA is in the nucleus,
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* Ina prokaryotic cell, the: DNAqs concentrated in a nucleoid region.

* Eukaryotic cells are characterized by compartmentation they have internal
membranes that compartmentalize their functions.
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* Two distinct types of cells : prokaryotic and eukaryotic.
* Organisms of the domains Bacteria and Archaea consist of prokaryotic cells.
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Organisms of the domain Eukarya—protists, fungi, animals, and plants—all consist of
eukaryotic cells.
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Prokaryotic vs. Eukaryotic Cells

The interior (area) of either type of cell is called the cytoplasm; in eukaryotic cells,
this term refers only to the region between the nucleus and the plasma membrane.

Eukaryotic cells are generally much larger than prokaryotic cells.
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At the size lower limit, the smallest cells known are bacteria called mycoplasmas,
which have diameters between 0.1 and 1.0 pm.
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. These::mycoplasmqé’ (lack a cell wall around their cell membranes) are perhaps the
smallest packuages with enough DNA to program metabolism and enough enzymes
and other cellular equipment to carry out the activities necessary for a cell to
sustain itself and reproduce.
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. Typlcal bacterla'are 1-5 p.m n dlameter about ten times the size of mycoplasmas

_____________
~~~~~

. Eukaryotlc’ cells are typlcally 10— 100 um in dlameter
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Cell size 1s limited = == s9s-

_________

* Most cells are relatively small for reasons related to the rate 0£1ransp0rt of

_______

substances into and out of them that mainly affected by: g g omlm - @K»
— (1) surface area available for transport T\ )\ gg\\\j\m
o\

— (2) the distance over which transport must occur.
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* As the- slze of a cell i 1ncreases, 'the length of time for transport from the outside
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* Larger cells have higher metabolic rates (anabolism and catabolism)
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* Molecules needed by the cell must be transported through the membrane. Any
metabolic waste produced must be removed, also passing through the
membrane.
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* The rate at which this transport occurs depends on both the distance to the
membrane and the area of membrane available.
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* This 1s one reason, an organism made up of many relatively small cells has
an advantage over one composed of fewer, larger cells.
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.. Another reason for small cell size 1s the surface area-to-volume ratio limit.
/As a cell’s size increases its volume increases much more rapidly than its surface

--------
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* Thus, if the radii of two cells differ by a factor of 10, the larger cell will have 102, or
100 times, the surface area, but 103, or 1000 times, the volume of the smaller cell.
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* The need for a surface area large enough to accommodate the volume helps
explain the microscopic size of most cells

* Larger organisms do not generally have larger cells than smaller organisms—they
simply have more cells.
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A sufficiently high ratio of surface area to volume is especially important in cells

that exchange a lot of material with thelr surroundmgs
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Because small cells have more surface area per unit of volume than large one$
control over cell contents is more effective when cells are relatively small.
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Mlcroscopes allow v1suallzat10n of cells and components

- -

The magnification power of a llght mlcroscope 1S up to 1500 X 1its original
size.

The magnification power of electron microscopes can reach up to 1 million
X.
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Magnification is not all about getting details. At greater magniﬁc’eiltions,
additional details may not be seen clearly. The resolution problem.
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Bigger is only better when more details are revealed. i -2ois
The fineness of detail that a microscope can reveal is its resnlvmg power. o
Resolution is a measure of the clarity of the image. g
Resolution: is the minimum distance two points can be apart and still be
distinguished as two separate points.
Resolution power of human eye : > 100 um which allows our eyes to resolve

them as two distinct objects rather than one.
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Microscope resolution formula _¢ll Csd9 s

« Where A is the wavelength of light used to
image a specimen (a green light of 514 nm)
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Where 11 is the refractive index of the imaging  lowgl jLusi¥l Jolas ga N cna
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If using a “dry’ (non-immersiop_){(')bjective lens
the air has a refractive index of {1.0.
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the _@"refractive index of the imaging medium is
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Where @0 is half of the angular aperture of the
objective (The maximum angular aperture of an
objective 1s around 144°, so max a = 72°).
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Using  standard  techniques,
microscope cannot resolve detail finer than
about 0.2 um, or 200 nm, regardless of the

magnification

light
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When cells were visualized with microscopes, two basic cellular architectures were

recognized that reflects the presence or absence of a membrane-bounded nucleus that
contams -genetic matenal
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suspended in the nucleotide region.

*-».

OlawigalSguidl dibio U8 Lales (sl

_______

’

In addition to lacking a nucleus, prokaryotic cells do not have an 1ntema1 membrane :"I g
system or numerous membrane-bounded organelles. (m\mg uwumﬂ\mﬂ u\ngmgn\)\gmg
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organisms. T
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-most of

.-PlOkalyOth cells are small, consist of cytoplasm surrounded by a plasma membrane
and are encased within a rigid cell wall.
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Prokaryotic cells have no distinct interior compartments.
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Prokaryotes are very important in the ecology of living organisms.
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Prokaryotes are very important in the ecology of living organisms.
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«  Some harvest light by photosynthesis, others break down dead organisms and recycle
their components.
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« Still others cause disease or have uses in many important industrial processes.
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Prokaryotes have two main domains: archaea and bacteria, the other is Eukarya
which includes all eukaryotes
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Prokaryotic Cells

* Prokaryotic cells contain organelles like ribosomes, which carry out
protein synthesis, but most lack the membrane-bounded organelles
characteristic of eukaryotic cells.
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. T‘li"é“pl:rsma membrane of a prokaryotic cell carries out some of the
functions organelles perform in eukaryotic cells.
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* For example, some photosynthetic bacteria, such as the cyanﬁﬁ’acterium
Prochloron, have an extensively folded plasma membrane; with the folds
extending into the cell’s interior. These membrane folds contain the
bacterial pigments connected with photosynthesis.
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* Because a prokaryotic cell contains no membrane-bounded organelles, the
DNA, enzymes, and other cytoplasmic constituents have access to all parts
of the cell.

0L relinsy dblowe Oluac Lle $gizu 3 slgill dislay dudsdl o3 1)big
i lSo] gzl (553l daojMyginul | OUgsally Glanjidlg DNA JI*+
*+dadsdl zljrl grax ] Jouos)

* Because a prokaryotic cell contains no membrane-bounded organelles, the
DNA, enzymes, and other cytoplasmic constituents have access to all parts
of the cell.
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* Reactions are not compartmentalized as they are in eukaryotic cells, and the
whole prokaryote operates as a single unit.
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Bacterial cell walls consist of peptidoglycan

* Most bacterial cells are encased by a strong cell wall.
This cell wall is composed of peptidoglycan, which
consists of a carbohydrate matrix (polymers of sugars)
that 1s cross-linked by short polypeptide units.
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Cell walls protect the cell, maintain its shape, and
prevent excessive uptake or loss of water.
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* The susceptibility of bacteria to antibiotics often J\o\uah
depends on the structure of their cell walls. The drugs & Heaiai Q)\)‘“
penicillin and vancomycin, for example, interfere with S S
the ability of bacteria to cross-link the peptides in their SQN\)\N\
peptidoglycan cell wall, this destroys the integrity of the M(fnﬂw
structural matrix, which can no longer prevent water QN\M \ aulSd\
from rushing in and swelling the cell to bursting. M\ Q(KA\\)\

ole (antibiotics) **dugasdl Globael b piSl duwsluws>** daisi Lo WL *
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of polysaccharide around the cell. Many dlsease—causmg ‘)‘g \ﬁ’
bacteria have such a capsule, which enables them to ,mﬁ
adhere to teeth, skin, food—or practically any surface

that can support their growth.

(jellylike protective capsule) ** pMgJl duini dudlg A gumS** Lol bywiSl pasy jpii *
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{_Archaea’have unusual membrane lipids
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The cell walls of archaea are composed of various chemical compounds,
including polysaccharides and proteins, and possibly even inorganic
components.

Lou **degiio diliouS OLS jo** (o (archaea) ** @ linll LM glyas** ookl *
dQguac jut UligSo G low)yg 1Oliuig pllg soasiall G ySudl &S P

A common feature distinguishing archaea from bacteria is the nature of their
cell membrane lipids which composed of glycerol linked to hydrocarbon
chains by Ether linkages, not the ester linkages seen in bacteria and eukaryotes

0 095 (W19 ilaaad *raudsdl eling oo dumb** LB LSl (e @ilind] jaai GV &S pidinad] dowd]

> Bl bylg) guddg **(Ether linkages) )l bulg) dbuslgs daiglpS9)aud Juwduw Jouipo o jusd**
Sl Olbud>g Uil 3 609>90Jl (ester linkages)

* These hydrocarbons may also be branched, and they may be organized as
tetraethers that form a monolayer instead of a bilayer.
S e Lgoubsis @iy adg i**depiio** Loyl Oligs)Sg)augll odm (98 09
¥ (monolayer) **dol>i danb** JSuin QM| **(tetraethers) "yl |y **

The cellular machinery that replicates DNA and synthesized proteins in
archaea 1s more closely related to eukaryotic systems than to bacterial
systems. Even though they share a similar overall cellular architecture with
prokaryotes, archaea appear to be more closely related on a molecular basis

to eukaryotes.
25T B Gilindl O **Oliaig il Riuaig DNA JI caclai** (Gl dyglsdl 33l
& ;S| dadaiBL Laio ** el Oliini> daliil oLyl
of 31 3leill Slilay go dlilas dole dygls dsiy B ks il oo il e
i uwbusl le Godl Oty Dbl ST gus Gliall*
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Archaea and bacteria are similar in that both have a prokaryotic cellular

structure; however, they vary considerably at the biochemical (metabolic) and
molecular levels.

Lagd icllS Rog 18lgil duilay dgls duia lliay LagalS Ul (@ LSl Glindl ayliis *
dulo j=dlg (a.gab)gl) Qgad| dusbousd] UL giwadl e juus S o lalisy**

Archaea and bacteria differ in four key ways: plasma membrane structure, cell
wall structure, DNA replication, and gene expression.
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Flagella (singular, flagellum) are long,
threadlike structures (protein fibers) protruding
from the surface of a cell that arc usced in
locomotion. There may be one or more per cell,
or none, depending on the species.

b 0>q>9b\u¢mh>o

oloi) | cudua> 8
&Y 8, owsiv

i dhgb Jsba** L& (flagellum/bgw o a0) **(Flagella) blgw3l** *
48 ol 1** (9 pasuimig **dald| douw (0 jpi** (dainigp OWT) **bgasul
& ol L 109 3 gl 1duls- JSU HiST gl axlg baw Wl (95 29 (locomotion)

* Bacteria can swim at speeds of up to 70 cell
lengths per second by rotating their flagella
like screws.

o dadsJl Job G 70%* ] Juss Ole s d-buaad| U piSall 50
* ol Jio Lgblguwi 1995** Gayb oo **duili

The rotary motor proteins are anchored in the
plasma membrane and uses the energy stored in
a gradient (Proton-Motive Force) that transfers
protons across the plasma membrane to power
the movement of the flagellum (the movement
of protons through channels across the
membrane 1s coupled to the rotation of
flagellum).

P9 )Ml clinsdl 3 **)lgall Jynall uluu_gy** Cald oy *
Proton-Motive - OgigpJl RII0 699**) Z)ai P dijSuall dSUI
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** 1o gl
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This coupling of an electrochemical gradient to
mechanical  rotational work 1s  another
fascinating feature of the bacterial motor.
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