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1. Summarize the nature of granulosis, nuclear polyhedrosis, and

cytoplasmic polyhedrosis viruses and the way in which they are

transmitted by inclusion bodies.

2. What are baculoviruses and why are they so promising as

biological control agents for insect pests?

18.9 Viroids and Prions

Although some viruses are exceedingly small and simple, even sim-

pler infectious agents exist. Over 16 different plant diseases—for

example, potato spindle-tuber disease, exocortis disease of citrus

trees, and chrysanthemum stunt disease—are caused by a group of

infectious agents called viroids. These are circular, single-stranded

RNAs, about 250 to 370 nucleotides long (figures 18.16 and 18.17),

that can be transmitted between plants through mechanical means

or by way of pollen and ovules and are replicated in their hosts. The

single-stranded RNA normally exists as a closed circle collapsed

into a rodlike shape by intrastrand base pairing. Viroids are found

principally in the nucleolus of infected cells; between 200 and

10,000 copies may be present. They do not act as mRNAs to direct

protein synthesis, and it is not yet known how they cause disease

symptoms. A plant may be infected without showing symptoms—

that is, it may have a latent infection. The same viroid, when in an-

other species, might well cause a severe disease. Although viroids

could be replicated by an RNA-dependent RNA polymerase, they

appear to be synthesized from RNA templates by a host RNA poly-

merase that mistakes them for a piece of DNA. A rolling-circle type

mechanism seems to be involved (see p. 236).

The potato spindle-tuber disease agent (PSTV) has been

most intensely studied. Its RNA is about 130,000 daltons or 359

nucleotides in size, much smaller than any virus genome. Several

PSTV strains have been isolated, ranging in virulence from ones

that cause only mild symptoms to lethal varieties. All variations

in pathogenicity are due to a few nucleotide changes in two short

regions on the viroid. It is believed that these sequence changes

alter the shape of the rod and thus its ability to cause disease.

There is evidence that an infectious agent different from both

viruses and viroids can cause disease in livestock and humans.

The agent has been called a prion (for proteinaceous infectious

particle). The best studied of these prions causes a degenerative

disorder of the central nervous system in sheep and goats; this

disorder is named scrapie. Afflicted animals lose coordination of

their movements, tend to scrape or rub their skin, and eventually

cannot walk. No nucleic acid has yet been detected in the agent.

It seems to be a 33 to 35 kDa hydrophobic membrane protein, of-

ten called PrP (for prion protein). The PrP gene is present in

many normal vertebrates and invertebrates, and the prion protein

is bound to the surface of neurons. Presumably an altered PrP is

at least partly responsible for the disease.

Despite the isolation of PrP, the mechanism of prion diseases

continues to stir controversy. Most researchers are convinced that

prion diseases are transmitted by the PrP alone. They believe that

the infective pathogen is an abnormal PrP (PrPSc; Sc, scrapie-

associated), a protein that has either been changed in conforma-

tion or chemically modified. When PrPSc enters a normal brain, it

might bind to the normal cellular PrP (PrPC) and induce it to fold

into the abnormal conformation. The newly produced PrPSc mol-
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Figure 18.16 Viroids, Viruses, and Bacteria. A comparison of

Escherichia coli, several viruses, and the potato spindle-tuber viroid

with respect to size and the amount of nucleic acid possessed. (All

dimensions are enlarged approximately �40,000.)

Figure 18.17 Viroid Structure. This schematic diagram shows the

general organization of a viroid. The closed single-stranded RNA circle

has extensive intrastrand base pairing and interspersed unpaired loops.

Viroids have five domains. Most changes in viroid pathogenicity seem

to arise from variations in the P and TL domains.
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ecule could then convert more normal PrPC proteins to the PrPSc

form. Alternatively, PrPSc could activate enzymes that modify

PrP structure. Prions with different amino acid sequences and

conformations convert PrpC molecules to PrPSc in other hosts.

More support for the “protein-only” hypothesis has been sup-

plied by studies on the yeast protein Sup35, which aids in the ter-

mination of protein synthesis in Saccharomyces cerevisiae. Be-

cause Sup35 acts much like mammalian prions, it has been called

a yeast prion. Sup35 exists in an inactive form in [PSI
 ] cells, and

the phenotype can be passed on to daughter cells. The inactive, in-

soluble form of Sup35 aggregates and translation does not termi-

nate properly. There is evidence that the [PSI
 ] phenotype prolif-

erates in yeast when the inactive prion form of Sup35 interacts

with normal, soluble Sup35 and induces a self-propagating con-

formational change of active Sup35 to the inactive form.

A minority think that the “protein-only” hypothesis is inade-

quate. They are concerned about the existence of prion strains,

which they believe are genetic, and about the problem of how ge-

netic information can be transmitted between hosts by a protein.

Doubters note that proteins have never been known to carry ge-

netic information. It could be that prions somehow either directly

aid an infectious agent such as an unknown virus or increase sus-

ceptibility to the agent. Possibly the real agent is a tiny nucleic

acid that is coated with PrP and interacts with host cells to cause

disease. This hypothesis is consistent with the finding that many

strains of the scrapie agent have been isolated. There is also some

evidence that a strain can change or mutate. Supporters of the

“protein-only” hypothesis reply that strain characteristics are

simply due to structural differences in the PrP molecule.

As mentioned earlier, some slow virus diseases may be due

to prions or virinos. This is particularly true of certain neuro-

logical diseases of humans and animals. Bovine spongiform

encephalopathy (BSE or “mad cow disease”), kuru, fatal fa-

milial insomnia, the Creutzfeldt-Jakob disease (CJD), and Ger-

stmann-Sträussler-Scheinker syndrome (GSS) appear to be

prion diseases. They result in progressive degeneration of the

brain and eventual death. Mad cow disease has reached epi-

demic proportions in Great Britain and initially spread because

cattle were fed bone meal made from cattle. It has now been

shown that eating meat from cattle with BSE can cause a vari-

ant of Creutzfeldt-Jacob disease in humans. More than 90 peo-

ple already have died in the United Kingdom and France from

this source. CJD and GSS are rare and cosmopolitan in distri-

bution among middle-aged people, while kuru has been found

only in the Fore, an eastern New Guinea tribe. This tribe had a

custom of consuming dead kinsmen, and women were given

the honor of preparing the brain and practicing this ritual can-

nibalism. They and their children were infected by handling the

diseased brain tissue. (Now that cannibalism has been elimi-

nated, the incidence of kuru has decreased and is found only

among the older adults.)

1. What are viroids and why are they of great interest?

2. How does a viroid differ from a virus?

3. What is a prion? In what way does a prion appear to differ

fundamentally from viruses and viroids?
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1. Animal viruses are classified according to

many properties; the most important are their

morphology and nucleic acids (figures

18.1–18.3).

2. The first step in the animal virus life cycle is

adsorption of the virus to a target cell receptor

site; often special capsid structures are

involved in this process.

3. Virus penetration of the host cell plasma

membrane may be accompanied by capsid

removal from the nucleic acid or uncoating.

Most often penetration occurs through

engulfment to form coated vesicles, but

mechanisms such as direct fusion of the

envelope with the plasma membrane also are

employed (figure 18.4).

4. Early viral mRNA and proteins are involved in

taking over the host cell and the synthesis of

viral DNA and RNA. DNA replication usually

takes place in the host nucleus and mRNA is

initially manufactured by host enzymes.

5. Poxviruses differ from other DNA animal

viruses in that DNA replication takes place in

host cytoplasm and they carry an RNA

polymerase. The parvoviruses are so small that

they must conserve genome space by using

overlapping genes and other similar

mechanisms. Hepadnaviruses use reverse

transcriptase to replicate their dsDNAgenome.

6. The genome of positive ssRNA viruses can

act as an mRNA, whereas negative ssRNA

virus genomes direct the synthesis of 

mRNA by a virus-associated transcriptase.

Double-stranded RNA reoviruses use 

both virus-associated and newly synthesized

transcriptases to make mRNA 

(figure 18.6).

7. RNA virus genomes are replicated in the host

cell cytoplasm. Most ssRNA viruses use a

viral replicase to synthesize a dsRNA

replicative form that then directs the formation

of new genomes.

8. Retroviruses use reverse transcriptase to

synthesize a DNA copy of their RNA genome.

After the double-stranded proviral DNA has

been synthesized, it is integrated into the host

genome and directs the formation of virus

RNA and protein.

9. Late genes code for proteins needed in

(a) capsid construction by a self-assembly

process and (b) virus release.

10. Usually, naked virions are released upon cell

lysis. In enveloped virus reproduction, virus

release and envelope formation normally occur

simultaneously after modification of the host

plasma membrane, and the cell is not lysed.

11. Viruses can destroy host cells in many ways

during cytocidal infections. These include

such mechanisms as inhibition of host DNA,

RNA, and protein synthesis; lysosomal

damage; alteration of host cell membranes;

and the formation of inclusion bodies.

12. Although most virus infections are acute or

have a rapid onset and last for a relatively

short time, some viruses can establish

persistent infections lasting for years. Some

infections are chronic. Viruses also can

become dormant for a while and then resume

activity in what is called a latent infection.

Slow viruses may act so slowly that a disease

develops over years.

13. Cancer is characterized by the formation of a

malignant tumor that metastasizes or invades

other tissues and can spread through the body.

Carcinogenesis is a complex, multistep

process involving many factors.

14. Viruses cause cancer in several ways. For

example, they may bring a cancer-causing

gene, or oncogene, into a cell, or the virion may

insert a promoter next to a cellular oncogene

and stimulate the gene to greater activity.


