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Lecture 3

Prokaryotic Cells

Living systems are organized into cells

Cells are characteristically microscopic in size. Although there are exceptions, a typical eukaryotic

cell is 10 to 100 micrometers (Jtm) (10 to 100 millionths of a meter) in diameter, although most

prokaryotic cells are only 1 to 10 llm in diameter.
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Cells were discovered by Robert Hooke in England in 1665 (in the 17th century), using one of the

(13
first microscopes, one that magnified 30 times. naming the shapes, he saw in cork ce/lu/ae (Latin, ~ small

”»
rooms ). This is known to us as ce//s. Not long after that, the Dutch scientist Anton van Leeuwenhoek

used microscopes capable of magnifying 300 times. He was the first to observe living cells, which he

(13 ”
termed animalcules, or little animals .

salall sudl o dsly alasialy (e mladl yall 8) 1665 ale LAIS] § Soa ipg) b LW cusdis|

(AL L1555 ol Sadus 8,2) Slds @l calall @ Laly @ JISEY e Tillas (1add 5,0 30 4S5 1S gl

e ol Trme logdad HU6 Oalail cailedl lall pusial sk cauad Bue oy L el Lid] Juog e
(Slusas) el Lele GloT a8y Al LS| wals cpe Jof (9 3,0 300 Sl

After these early efforts, a century and a half passed before biologists fully recognized the importance

of cells. In 1838, German botanist Matthias Schleiden stated that all plants are aggregates of fully

”
individualized, independent, separate beings, namely the cells themselves. In 1839, German

physiologist Theodor Schwann reported that all animal tissues also consist of individual cells. Thus, the

cell theory was born.
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The cell theory, one of the basic ideas in biology, is the foundation for understanding the reproduction

and growth of all organisms.
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Cell theory is the unifying foundation of cell biology

The cell theory was proposed to explain the observation that all organisms are composed of cells. It

sounds simple, but it is a far-reaching statement about the organization of life. In its modern form,
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the cell theory includes the following three principles:

1. All organisms are composed of one or more cells, and the life processes of metabolism and

heredity occur within these cells.

2. Cells are the smallest living things, the basic units of organization of all organisms.

3. Cells arise only by division of a previously existing cell.
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Although life likely evolved spontaneously in the environment of early Earth, biologists have

concluded that no additional cells are originating spontaneously at present. Rather, life on Earth

represents a continuous line of descent from those early cells.
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The diversity of life arises by evolutionary change

The unity of life that we see in certain key characteristics shared by many related life-forms contrasts
with the incredible diversity of living things in the varied environments of Earth. The underlying unity of
biochemistry and genetics argues that all life has evolved from the same origin event. The diversity of life

arises by evolutionary change leading to the present biodiversity we see.
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Biologists divide life’s great diversity into three great groups, called domains: Bacteria, Archaea,

and Eukarya (figure 3.1).

(Jodnll) clloll Bgd £u5 58 cilegomme M I Sldl JISAY JLI poiall sLo¥l slele cudy
(1.3 USad)) ol Adadon (Ao dd! ol o) Elially ol pa!

The domains Bacteria and Archaea are composed of single-celled organisms (prokaryotes) with

little internal structure, and the domain Eukarya is made up of organisms (eukaryores) composed of a

complex, organized cell or multiple complex cells.
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Within Eukarya are four main groups called kingdoms (figure 3.1). Kingdom Protista consists of all

the unicellular eukaryotes except yeasts (which are fungi), as well as the multicellular algae.

Because of the great diversity among the protists, many biologists feel kingdom Protista should be split

into several kingdoms.
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Kingdom Plantae consists of organisms that have cell walls of cellulose and obtain energy by

photosynthesis. Organisms in the kingdom Fungi have cell walls of chitin and obtain energy by

secreting digestive enzymes and then absorbing the products they release from the external

environment. Kingdom Animalia contains organisms that lack cell walls and obtain energy by first

ingesting other organisms and then digesting them internally.
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Figure (3.1): The diversity of life.
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All cells share many structural features

The general plan of cellular organization varies between different organisms, but despite these

modifications, all cells resemble one another in certain fundamental ways. Before we begin a detailed

y
examination of cell structure, let s first summarize four major features all cells have in common:

1. nucleoid or nucleus.

2. cytoplasm.

3. ribosomes to synthesize proteins.

4. plasma membrane.
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Prokaryotic Cells

Prokaryotes are the simplest organisms. They are very important in the ecology of living

organisms. Some harvest light by photosynthesis, others break down dead organisms and recycle

their components. Still others cause disease or have uses in many important industrial processes.

Prokaryotes have two main domains: archaea and bacteria.
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Although prokaryotic cells do contain ribosomes, which carry out protein synthesis, most lack the

membrane- bounded organelles characteristic of eukaryotic cells.
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It was long thought that prokaryotes also lack the elaborate cytoskeleton found in eukaryotes, but we

have now found they have molecules related to both actin and tubulin, which form two of the

cytoskeletal elements. The strength and shape of the cell is determined by the cell wall and not these

cytoskeletal elements (figure 3.2).
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Structure of a
prokaryotic cell.
Generalized cell
organization of a
prokaryote. The
nucleoid is visible as a
dense central region
segregated from the
cytoplasm.

< Plasma membrane
Cell wall

Flagellum

Figure (3.2): Structure of a prokaryotic cell.
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The plasma membrane of a prokaryotic cell carries out some of the functions organelles perform in

eukaryotic cells. For example, some photosynthetic bacteria, such as the cyanobacterium Prochloron

(figure 3.3), 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. In eukaryotic plant cells, photosynthetic pigments are found in the inner membrane of

the chloroplast.
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Figure (3.3): Electron micrograph of a photosynthetic bacterial cell.
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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

(or murein), which consists of a carbohydrate matrix (polymers of sugars) that is cross-linked by short

polypeptide units. Cell walls protect the cell, maintain its shape, and prevent excessive uptake or

loss of water.
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Some bacteria also secrete a jellylike protective capsule of polysaccharide around the cell. Many

disease-causing bacteria have such a capsule, which enables them to adhere to teeth, skin, food-or

to practically any surface that can support their growth.
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Archaea have unusual membrane lipids

The cell walls of archaea are composed of various chemical compounds, including polysaccharides

and proteins, and possibly even inorganic components. The cell walls of archaea lack peptidoglycan,

although some have pseudomurein (or pseudpeptidoglycan), which is similar to peptidoglycan in

structure and function.
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A common feature distinguishing archaea from bacteria is the nature of their membrane lipids.

Archaeal membrane lipids are composed of glycerol linked to hydrocarbon chains by ether

linkages, not the ester linkages seen in bacteria and eukaryotes (figure 3.4a). These hydrocarbons
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may also be branched, and they may be organized as tetraethers that form a monolayer instead of

a bilayer (figure 3.45).

el pl § eLaadl Gons muilmlly @liall o e ) Aty ) Baiall (2 4] cLad Osas Aagds o

Jea ¥ Iyl gy oo Aatiill N1 dasl oy IV (pe Bii9sySsued oy Jaiy Ll (J 9 puucdill (po 4595 Aoyl

0985 o SiligsySasuedl st Sy (234 JSaI) ol Bdnds skl Adiidnl ol el § AlasML
(534 JS4d)) i (e Y Buslg dids 23950 Aol il) (3 aUAT LiSass (Ae a0

(e

Monolayer

Bacterial or Eukaryotic Lipid Archaeal Lipid Tetraether
CH;— CH — CH; CH; — CH,—CH; CH,— CH — CH,
aiycorol — | | I I | | I I [
OH 0 0 OH 0 0 OH o) 0

o] (0] OH

i,

a. b.

Figure (3.4): Archaeal membrane lipids.

In the case of some hyperthermophiles, the majority of the membrane may be this tetraether

monolayer. This structural feature is part of what allows these archaea to withstand high

temBeratures.
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These features seem to confer greater thermal stability to archaeal membranes -meaning that

archaea with this characteristic cannot adapt to changing environmental temperatures.
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Many archaea are extremophiles. They live in hot springs that would cook other organisms (figure

3.5), in hypersaline environments that would dehydrate other cells, and in atmospheres rich in

otherwise-toxic gases such as methane or hydrogen sulfide. They have even been recovered living

beneath 435 m of ice in Antarctica!
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These harsh environments may be similar to the conditions present on the early Earth when life first

began. It is likely that prokaryotes evolved to dwell in these harsh conditions early on and have

retained the ability to exploit these areas as the rest of the atmosphere has changed.
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Figure (3.5): Hot springs such as these in Yellowstone National Park contain thermophilic prokaryotes.
Mitochondria and chloroplasts arose by endosymbiosis

Symbiosis is a close relationship between organisms of different species that live together. The theory

’
of endosymbiosis proposes that some of today s eukaryotic organelles evolved by a symbiosis arising

between two cells that were each free-living. One cell, a prokaryote, was engulfed by and became part

of another cell, which was the precursor of modern eukaryotes (figure 3.6).

G 11 (OIS ol Gaylo (e ol el Slailiadly 4y oS0 olaguzd ! ilid

iy Of I JaSl A as a5 o s Zalisea o5l (e LS o B3 280 s s 1l iglasl]
Sy Giaad Lge Busly S <ol ol o i JOISS Gl e wlad gl Bagasll 9l wiliids> cilac

https://manara.edu.sy/

11


https://manara.edu.sy/
https://manara.edu.sy/

iz

6)li_aJl
Sl e s jo oy o6yl s (Laakil) Legim | (goidl Aty coniditdl gu] (6,5¥1 e (L) Jumdin
(4.3 USadl) Abuzedl 8l gl i ol (&1 bl

According to the endosymbiont theory, the engulfed prokaryotes provided their hosts with certain

advantages associated with their special metabolic abilities. Two key eukaryotic organelles are

believed to be the descendants of these endosymbiotic prokaryotes: mitochondria, which are

thought to have originated as bacteria capable of carrying out oxidative metabolism, and chloroplasts,

which apparently arose from photosynthetic bacteria.
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Figure (3.6): Possible origins of eukaryotic cells.

End of lecture
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