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Lecture 19-2 

Biotic stress
Plant disease

A comparison between plant and animal 
disease (using a case study on the vitamin C-

deficient Arabidopsis mutant vtc1)

The role of vitamin C (ascorbate) in plant 
defense against biotic and abiotic stress
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Type I, II and III secretion systems

Hueck 1998 MMBR 62: 378

E. coli Klebsiella oxytoca Yersinia pestis

Secreted proteins
Secretion signal
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Schematic representation of regulation of 
type III secretion by contact with a eukaryotic cell

Eukaryotic cell
Type III 
secretion 
channels

Type III 
secretion 
channels

Type III 
secretion 
channels

Type III 
secretion 
channels

(Diarrhea 
disease)
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Plants have to cope with biotic and abiotic stress
Biotic stress: disease caused by virulent bacterial and fungal pathogens

Affected plants: crops in the Brassicaceae (cabbage) family (Crucifers)

Leaf Spot disease
Pathogen: Pseudomonas syringae 

Downey mildew disease
Pathogen: Hyaloperonospora parasitica
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Plants have to cope with biotic and abiotic stress
Abiotic stress: air pollutants, nutrients, temperature, heavy metals,

drought, salinity, excessive light 

Ozone injury Soybean: SO2 injury

Chilling injury on Citrus leaf

6

BIOL
754 
Fall 
09

Plant defense mechanisms
Biotic and abiotic stress → generation and accumulation of 
reactive oxygen species (1O2, H2O2, •O2

–, •OH); oxidative stress
↓

Oxidize proteins, nucleic acids, pigments, lipids…

Antioxidants
Vitamin C (L-ascorbic acid, AsA)
Vitamin E (α-tocopherol)
Glutathione (GSH)

Antioxidant enzymes
Ascorbate peroxidase (APX)
Ascorbate regenerating enzymes (GR, 
MDAR, DHAR)

Defense against oxidative stress
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Vitamin C – Ascorbic acid: 
A multi-facetted molecule

Functions in humans

Collagen biosynthesis (collagen deficiency → scurvy)

Key antioxidant that is associated with resistance to oxidative stress and longevity

Health-promoting effects: protection against diseases such as heart disease,
obesity, hypertension, diabetes, some types of cancer

What is the function of ascorbate in plants?
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Vitamin C – Ascorbic acid: A multi-facetted molecule

Functions in plants 

Ascorbate

Xanthophyll cycle →
Photoprotection

Hormone biosynthesis →
Ethylene

Abscisic acid
Gibberellins

Photosynthesis →
removal of H2O2

Myrosinase →
Insect defense

Growth regulation →
cell division & expansion

Detoxification →
Metals & xenobiotics

Deactivation of oxygen radicals
→ Air pollutants, freezing

Does ascorbate play a role in protection against disease in plants?
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No OZONE

Plus OZONE

The role of ascorbate in response to pathogens

vtc1:
sensitive to O3, SO2, freezing (abiotic stress)
30% of wild-type ascorbate content
defect in ascorbate biosynthesis

Wild type vtc1 mutant
(vitamin C-deficient)

Responses of vtc1 to pathogens (biotic stress)?
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Responses of vtc1 to biotic stress
Infection of wild type and vtc1 plants with Pseudomonas syringae

2. Infiltrate bacteria into leaves
1. Grow up bacteria and

dilute to desired OD

3. Punch out  
leaf discs,
macerate 

4. Grow bacteria
on plate

5. Count bacteria

Disease symptoms
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Bacterial growth of Pseudomonas syringae is lower in vtc1

0 1 2 3 4
101

102

103

104

105

 WT
 vtc1

CF
U

 c
m

-2

Days post inoculation

Growth curve of P. syringae
in leaves of wild type and vtc1
(means ± SD, n = 4). 
Inoculation titer: 105 CFU/ml
CFU = Colony Forming Units

⇒ vtc1 is more resistant to
P. syringae infection.

What are the molecular 
mechanisms of this disease 
tolerance?
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Pathogen

Defense gene induction

Recognition

Pathogen

Defense gene induction

Recognition

Immune 
system

Mammals Plants

Viruses, Bacteria, Fungi

Antibodies Pathogenesis-related (PR) proteins

Defense responseDefense response

“Immune 
system”

Lysis of infected cells
Fever

(Innate immune response)

Pathogen resistance
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Innate immune response in animals

Innate immunity refers to antigen-nonspecific defense mechanisms that a 
host uses immediately or within several hours after exposure to an antigen. 
This is the immunity one is born with and is the initial response by the body 
to eliminate microbes and prevent infection.

Innate immune responses involve: 

- phagocytic cells (neutrophils, monocytes, and macrophages);

- cells that release inflammatory mediators (basophils, mast cells, and eosinophils); 

- natural killer cells (NK cells)

- molecules such as complement proteins, acute phase proteins, and cytokines. 

Examples of innate immunity include anatomical barriers, mechanical removal, 
bacterial antagonism, pattern-recognition receptors, antigen-nonspecific defense 
chemicals, the complement pathways, phagocytosis, inflammation, and fever. 
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Model of innate immune signaling

Effector proteins/

Asai et al. 2002 
Nature 415: 977

Resistance 
proteins 
(Leucine-Rich-
Repeat)

Signaling 
cascade

Transcription
factors

Response

Repressors
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Example of innate immune response - Fever
Activated macrophages and other leukocytes release proinflammatory
cytokines (such as TNF-alpha and IL-1) when their toll-like receptors bind 
pathogen associated molecular patterns - molecular components associated with 
microorganisms but not found as a part of eukaryotic cells. These include bacterial 
molecules such as peptidoglycan, lipopolysaccharide, mannans, flagellin, pilin, and 
bacterial DNA. There are also pattern-recognition molecules for viral double-
stranded RNA (dsRNA) and fungal cell wall components such as lipoteichoic acids, 
glycolipids, and mannans. 

These cytokines stimulate the anterior hypothalamus of the brain, the part of the brain that 
regulates body temperature, to produce prostaglandins that lead to an increase in body 
temperature. Up to a certain point, fever is beneficial:
1. Fever increases the environmental temperature above the optimum growth temperature 
for many microorganisms. If the microorganisms are growing more slowly, the body's defenses 
have a better chance of removing them all.
2. Fever leads to the production of heat shock proteins that are recognized by some 
intraepithelial T-lymphocytes, resulting in the production of inflammation-promoting cytokines.
3. Fever elevates the temperature of the body increasing the rate of enzyme reactions, and 
speeding up metabolism within the body. An elevation in the rate of metabolism can increase 
the production and activity of phagocytes, speed up the multiplication of lymphocytes, increase the 
rate of antibody and cytokine production, increase the rate at which leukocytes are released from 
the bone marrow into the bloodstream, and speed up tissue repair. Too high of a body 
temperature, however, may cause damage by denaturing the body's enzymes. 
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Pathogen

Defense gene induction

Recognition

Pathogen

Defense gene induction

Recognition

Immune 
system

Mammals Plants

Viruses, Bacteria, Fungi

Antibodies Pathogenesis-related (PR) proteins

Defense responseDefense response

“Immune 
system”

Lysis of infected cells
Fever

(Innate immune response)

Pathogen resistance
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Bacterial growth of Pseudomonas syringae is lower in vtc1
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Days post inoculation

Growth curve of P. syringae
in leaves of wild type and vtc1
(means ± SD, n = 4). 
Inoculation titer: 105 CFU/ml
CFU = Colony Forming Units

⇒ vtc1 is more resistant to
P. syringae infection.

Are pathogenesis-related 
(PR) proteins up-regulated 
in vtc1?
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PR-1 and PR-5 levels are higher in vtc1 than in wild type

Western blot analysis to show 
induction of PR-1 and PR-5. 10 
μg total protein loaded. Large 
subunit of RUBISCO (RBCL) 
used as loading control. 

⇒ PR proteins are induced
more strongly in vtc1.

What factors regulate the 
induction of PR proteins?
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Pathogen

Defense gene induction

Recognition

Pathogen

Defense gene induction

Recognition

Immune system,
Signaling cascade 
(kinases, transcription 
factors)

Mammals Plants

Virus, Bacterium, Fungus

Antibodies Pathogenesis-related (PR) proteins 

Defense responseDefense response

Hormones Plant hormones Salicylic acid

“Immune system”,
Signaling cascade 
(kinases, transcription 
factors)

Cytokine 
(Interleukin)

Pathogen resistanceLysis of infected cells
Fever

(Innate immune response)
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PR-1 and PR-5 levels are higher in vtc1 than in wild type

Western blot analysis to show 
induction of PR-1 and PR-5. 10 
μg total protein loaded. Large 
subunit of RUBISCO (RBCL) 
used as loading control. 

⇒ PR proteins are induced
more strongly in vtc1.

Does the increased induction 
of PR proteins correlate with 
higher salicylic acid levels?
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Salicylic acid content is elevated in vtc1

Endogenous levels of free salicylic 
acid (SA) and SA glucoside (the 
conjugated form) in 5-week-old 
leaves of wild type and vtc1 not 
infected with P. syringae and 24h 
post inoculation (means ± SD, n = 3). 

⇒ SA levels are heightened 
in vtc1 vs. wild type.

vtc1 is more resistant to P. syringae infection than wild type.

Is vtc1 more resistant to other pathogens?
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Responses of vtc1 to biotic stress
Infection of wild type and vtc1 plants with

Hyaloperonospora parasitica

Conidiophores suspension of 
H. parasitica
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Growth of H. parasitica is reduced in vtc1

Conidiophores production in wild-
type and vtc1 plants inoculated with 
H. parasitica. Infected leaves were 
analyzed seven days after inocu-
lation. Scale bar; 100 μm. 

conidiophores 
hyphae

⇒ vtc1 is more resistant to
H. parasitica.
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Resistance of vtc1 to virulent pathogens

Ascorbate Deficiency

Plant hormones

Pathogen

Defense gene induction

Defense response

Recognition,
Induction of 
hormones

Signaling 
cascade

P. syringae
H. parasitica

Salicylic acid

PR gene induction

Pathogen resistance
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Virulent pathogensAvirulent pathogensInsects/Wounding

NPR1

EDS5

PR genes

Resistance to
P. syringae
H. parasitica
Insects

Resistance to
P. parasitica
Insects

Wound response

EIN2 COI1, JAR1

HR

PDF1.2

Ethylene Jasmonic acid Salicylic acid Abscisic acid

ROS

?

NahG

Plant defense signaling network against biotic stress

Plant hormones

Insect/Pathogen

Defense gene induction

Defense response

Recognition,
Induction of 
hormones

Signaling 
cascade

Antimicrobial 
compounds

Defense
genes


