Exam 2 Study Guide (text version)

Study Guides

A. Size and shapes of bacteria B. External Structures of Bacteria
C. Cell envelope (glycocalyx, outer membrane, cell wall, and cell membrane) D. Bacterial Internal Structures

E Cell division and Differentiation F. Viruses G. Atypical Bacteria and Viruses (notes)

A. Size and shapes of bacteria

Textbook: Ch 3 Cell Structure and Function

B. External Structures of Bacteria

Textbook: Ch 3 (3.6 Specialized Structures) - Ch 25 (25.2 Microbial Attachment)

1. Flagella and motility


file:///C:/Users/user/unomaha-fall2026/microbiology/guides.html
file:///C:/Users/user/unomaha-fall2026/microbiology/textbook-ch03.html
file:///C:/Users/user/unomaha-fall2026/microbiology/textbook-ch03.html
file:///C:/Users/user/unomaha-fall2026/microbiology/textbook-ch25.html

Order of assembly of flagellum.



CHEMOTAXIS: WHAT IS IT

HOW ONE COULD DETERMINE IF A BACTERIUM IS MOTILE AND IF HAS
FLAGELLA

2. Pili and Fimbriae



A. STRUCTURE, ARRANGEMENT IN CELLS AND ASSEMBLY

B. ROLES OF COMMON PILI, SEX PILI AND TYPE IV PILI

C. ASSEMBLY OF TYPE I AND TYPE IV, HOW DIFFERS FROM FLAGELLAR

3. Other external structures



C. Cell envelope (glycocalyx, outer membrane, cell wall, and cell
membrane)

Textbook: Ch 3 (3.3 The Envelope) - Ch 19 (19.1 Archaea) - Ch 27 (27.1-27.3 Antibiotics and Resistance)
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2. Know the role, feature and basic composition of each of these



LPS

1) Peptidoglycan: structure: sugars and



2) Pseudopeptidoglycan: how differs from peptidoglycan

3) Teichoic acids

4) Mycolic acids



3. Movement of Material across Cell membrane



There are different types of transport across the membrane, and the first is passive transport, which moves solutes down their
concentration gradient, their charge gradient, or both (from high to low), so no energy is needed. In simple diffusion, molecules go
straight through the bilayer. The molecules that can do this are small uncharged molecules (02, H20), hydrophobic molecules, and
the uncharged form of weak acids and bases, which include many drugs like aspirin, Prozac, penicillin, and tetracycline. Once
inside, these weak acids and bases deprotonate (lose an H+) and become water soluble. In facilitated diffusion, the molecule goes
through a membrane protein instead, and this also needs no energy. The protein is either a channel protein (the outer membrane

porins) or a carrier in the cell membrane, which is rare (for example, the glycerol transporter).

In contrast, active transport moves a molecule against its concentration gradient, so energy is required, either from an ion gradient
or from a high energy phosphate bond. In ion-coupled transport, an ion moving with its gradient powers the transport of a molecule
against its gradient. A symport moves them in the same direction (for example, lactose permease with H+), whereas an antiport
moves them in opposite directions (for example, Na+ and H+). The energy for this comes from the H+ gradient in most cases, with

H+ going in, or from the Na+ gradient in some cases.

Another kind of active transport uses ABC transporters, which are a transmembrane domain plus an ATP binding domain. Each
one is made of 2 or 4 proteins, and E. coli has 78 of them. They may use a solute-binding protein in the periplasm to bring the
solute, and they either bring solutes in (galactose, GAGs, and siderophore-Fe3+) or pump chemicals out (the multidrug exporters).

Their energy is ATP, through cleavage of a high energy phosphate bond.

Finally, PTS group translocation modifies the sugar during transport. A phosphate from PEP is passed from Enzyme I to HPr and
then to Enzyme II, and it is added to the sugar as the sugar enters, so glucose becomes glucose-6-phosphate. This type of transport

is found only in bacteria and some Archaea, and its energy comes from PEP (a high energy phosphate bond).

TYPE OF TRANSPORT PROTEINS OBSERVED IN BACTERIA

* The transport proteins observed in bacteria include channels, also called porins, which are protein channels that form a barrel
in the Gm - outer membrane. They work by facilitated diffusion, so they are passive and use no energy, and there are a few
different types that are selective for the type or size of molecule, with a max of 700 daltons (short chains of sugars and amino
acids). However, porins only get molecules from the outside into the periplasm, and then an inner membrane transporter has to

move them into the cytoplasm.

« Several specific porins are good to know, starting with OmpF, which is a nonspecific channel for small molecules and the
receptor for phage T2. OmpC is also a nonspecific channel for small molecules, but it is the receptor for phage T4 instead. In
contrast, OmpA is specific for peptides and is the receptor for mating pili. LamB lets in maltose and maltodextrin and is the

receptor for phage A, and finally PhoE is an anion-selective channel, which means it selects for negative ions.

» Another type of transport protein is the carrier, which binds a specific molecule and changes shape to carry it across, but
carriers are uncommon. One example is GIpF, the glycerol transporter, which brings glycerol in because glycerol stays low

inside as it gets used up.

* Bacteria also have ion-coupled transporters. In a symporter such as lactose permease, lactose and H+ come in together,

whereas in an antiporter, Na+ goes out while H+ comes in.

* Next, ABC transporters have a transmembrane domain plus an ATP-binding domain, and ATP powers the move. For
example, the galactose-binding protein is a solute-binding protein in the periplasm that hands galactose to the transporter, and
the GAG transporter in Streptobacillus brings in glycosaminoglycan (GAG) disaccharides.

* Another example is MacB, MacA, and TolC, which make up an ABC multidrug exporter (efflux pump) that transports

chemicals out, such as erythromycin. In this pump, MacB in the inner membrane uses ATP, then MacA links it across the

periplasm, and TolC is the outer membrane channel, so together they form one tube through the Gm - envelope.

* Another set, FepA through FepG, moves Fe3+ that is bound to a siderophore (an iron-binding molecule) into the cell. First,

the siderophore-Fe3+ complex goes through FepA, which crosses the outer membrane, and then FepB escorts the complex.



4. How do different antibiotics interfere with peptidoglycan synthesis?



D. Bacterial Internal Structures

Textbook: Ch 3 (3.3, 3.5, 3.6)
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1. Cytoplasm and cytosol

2. Ribosomes

3. Cytoskeleton: types found and roles



4. Nucleoid: DNA and packing proteins

5. Compartments: intracellular membrane structures

6. Inclusions and granules (know examples and their role)



7. Endospore: What they are

E Cell division and Differentiation

Textbook: Ch 3 (3.4 Cell Division, 3.5 Cell Asymmetry)
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Bacterial Cell Division Basic Steps in process: Replication, cytokinesis, septation,

separation

Asymmetrical cell divisions and cell polarity

Role of FtsZ and Min proteins



F. Viruses

Textbook: Ch 6 Virus Structure and Function

1. Size and Shape observed

2. Structural features
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3. Features used to classify or group viruses

4. Reproduction



One general feature is that viruses are obligate intracellular parasites, which means they can only replicate or multiply inside a
host cell. This is also seen in some bacteria (like Rickettsia and Chlamydia) and in protozoans. Another general feature is assembly,
which means viruses are assembled from parts inside the host cell, not by splitting (no binary fission). First, proteins assemble to
make the capsomers and sheath, and then the parts of the virus are assembled together. Chlamydia is different, because even though

it is also an obligate intracellular parasite, it divides inside the host cell (binary fission of reticulate bodies).

A good example of assembly is the T4 bacteriophage. First, capsomers form the head, and then DNA enters to fill the capsid. Next,
the tail, sheath and tail fibers are assembled separately, and finally they are joined to the filled head.

B. STEPS IN MULTIPLICATION CYCLE

The steps in the multiplication cycle happen in a set order, starting with adsorption, then penetration, then uncoating, then
synthesis (see part ¢), then assembly from parts (see part a), and finally release. Adsorption is step 1, and it is when the virus
attaches (by its spikes) to receptors on the host cell that will be infected. For example, SARS-CoV-2 binds ACE2, and phages bind
E. coli porins, such as OmpF for T2, OmpC for T4, and LamB for A. This step is the major factor that determines host range, which

means the kinds of cells the virus can infect.

Penetration is step 2, and it is how viruses get in (entry into the cell). This happens either by endocytosis into an endosome vesicle,
as in SARS-CoV-2, or by fusion of the viral envelope with the cell membrane so the coated genome (nucleocapsid) enters the
cytoplasm, as in measles. In the endocytosis route, the virus first attaches to the cell, then it is engulfed into a vesicle, and then the
vesicle, envelope and capsid break down (the uncoating step), leaving free DNA. In the fusion route, the virus attaches, its envelope
fuses with the membrane, the nucleocapsid enters, and then the nucleic acid is uncoated, leaving free RNA. Next, uncoating is step
3, and it is the release of the viral genome. It can happen in the cytoplasm, inside the endosome, or at the nucleus. In hepatitis C, it
happens inside the endosome, where a lysosome fuses with and acidifies (lowers the pH of) the endosome, and then the viral

envelope fuses with the endosome membrane. In adenovirus, the dSDNA is released at the nucleus, at a nuclear pore.

After synthesis and assembly, release is step 6, and it is how the viruses get out, which can happen in three ways. The first way is
lysis of the host cell, and naked viruses must lyse it. The second way is budding by enveloped viruses, where the nucleocapsid lines
up under the membrane and is pinched off (like filamentous Ebola), and this can give a persistent infection. The third way is cell-to-

cell spread to a target cell (along F-actin or across the apical junction), which may lead to cell fusion (syncytia).

A full example of the cycle is SARS-CoV-2. First, the spike binds ACE2, and then entry and uncoating happen in the endosome.
Next, the genome is translated into a polyprotein, and a protease cleaves (cuts) it, making the RNA replicase (Paxlovid inhibits this
step). Then, in a viral factory made from ER, the replicase makes (-) strand RNA (molnupiravir interferes here), and after that it

makes viral mRNAs and new (+) genomes. Finally, translation happens, followed by assembly in the Golgi and then release.

For plant viruses, the cell wall blocks entry without help, so they get in by an animal vector that damages cells (an insect, like an
aphid bite), by contact with damaged tissue with broken cells, or by infecting seeds. Then they move cell to cell through
plasmodesma connections (channels between plant cells). As for bacteriophages, most inject their DNA into the cell and leave the

particle outside. Some can go latent (lysogen, a prophage), and most are released by lysis.

C. SYNTHESIS STAGE FOR 7 TYPES OF VIRUSES

In the synthesis stage, every virus must do two jobs, which are copying its genome and making many copies of its proteins (viral
mRNA is used to make proteins). To do this, viruses use enzymes from the virus or the host, and all of them use host ribosomes.
However, host DNA pol and RNA pol only use DNA as a template, and most host cells have no (or very low) RARP (RNA-
dependent RNA polymerase). This is why RNA viruses bring their own enzymes, since they usually encode their own RARP or

reverse transcriptase.

To read the synthesis paths, you need to know a few symbols and terms. In the paths, ds means double-stranded, ss means single-

stranded, and + means both strands (a double strand). The + strand is the strand that serves as the template for translation (it reads



5. Outcomes of Viral infections



G. Atypical Bacteria and Viruses (notes)

Textbook: Ch 18 (Rickettsia, Chlamydia) - Ch 6 (giant viruses)
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How can one predict the structures and properties of the cells of a newly

discovered bacterium?




