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Nicotine Is a Defense against Herbivores 
 
 

 
Introduction 
 
In 2004, Anke Steppuhn, Ian Baldwin, and colleagues at the Max Planck Institute for Chemical Ecology 
in Jena, Germany tested the hypothesis that nicotine helps protect tobacco plants against insects. The 
researchers generated a line of low-nicotine transgenic plants by modifying the gene putrescine N-
methyl transferase (pmt), which encodes a key regulatory enzyme in the nicotine biosynthesis pathway. 
Both the low-nicotine and wild-type tobacco plants were transplanted into a field plantation where they 
were accessible to naturally occurring herbivores. The extent of leaf damage by insects was then 
measured at 2-day intervals for a period of 16 days. Results showed that the low-nicotine plants lost 
more than twice as much of their total leaf area as did the wild-type controls. These results suggest that 
nicotine provides tobacco plans with at least some protection against insects. To determine if any other 
chemical repellents were produced by the tobacco plants, Baldwin and Andre Kessler placed laboratory-
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raised hungry caterpillars on a group of wild-type tobacco plants. Over the next several days, the 
investigators used a gas chromatograph to detect the emission of volatile compounds from the damaged 
leaves. As a control, they also tested nearby undamaged control plants. Baldwin and Kessler then 
isolated and identified some of the chemicals. In the next portion of the experiment, the chemicals were 
made into pastes and smeared on the stems of plants that had not been attacked. Caterpillar eggs were 
then glued on the leaves of the treated plants, which were monitored for predators that like to eat the 
eggs. The researchers found that several of the chemicals emitted by the tobacco plants attracted 
particular insects, including the predator Geocoris pallens. This result suggests that the tobacco plants 
emit volatile chemicals in order to attract natural enemies of the herbivores. In this manner, the 
researchers concluded, the tobacco plants can reduce the overall number of herbivores feeding on the 
plants. 
 
 
Original Paper 
 
Steppuhn, A., K. Gase, B. Krock, R. Halitschke, and I.T. Baldwin. 2004. Nicotine’s defensive function 
in nature. Public Library of Science: Biology 2(8): e217. 
http://biology.plosjournals.org/perlserv/?request=get-document&doi=10.1371/journal.pbio.0020217 
 
 
Links 
(For additional links on this topic, refer to the Chapter 28 Investigation Links.) 
 
PubMed Central: Nicotine Keeps Leaf-Loving Herbivores at Bay 
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=509307 
 
Purdue University: Department of Entomology: Tobacco as Insecticide: A Classroom Activity 
http://www.entm.purdue.edu/entomology/outreach/insectivity/tobacco.activity.htm  
 
Plant Physiology 4e Online: Essay 13.2: Unraveling the Function of Secondary Metabolites 
http://4e.plantphys.net/article.php?ch=13&id=313&search=Unraveling%20the%20Function%20of%20S
econdary%20Metabolites 
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Analyze the Data 
 
Question 1 (from textbook Figure 28.5) 
In a separate experiment, Baldwin and his colleagues showed that treatment with jasmonic acid 
(jasmonate) increased the concentration of nicotine in normal tobacco plants, but not in the low-nicotine 
plants. The researchers planted a group of normal and low-nicotine plants and treated them with 
jasmonate seven days after planting. The plants were assessed for herbivore damage every 2 days after 
being planted. Here are the results: 
 

 
 
A. Compare these data to the results in Figure 28.5 for the untreated plants. What was the effect of 
jasmonate treatment on the resistance of normal plants to herbivore damage? What was the effect on 
low-nicotine plants? 
 
B. What do these data reveal about the role of nicotine in preventing herbivore damage? 
 
C. Explain how jasmonate could have had the effect it did on the low-nicotine plants, even though their 
nicotine levels were still low after jasmonate treatment. 
 
D. The error bars at each data point are the standard error of the mean (SEM). What statistical test would 
you use to determine the possible significance of differences between the jasmonate-treated and 
untreated plants? At 10 days, the mean damage ± SEMs for untreated low-nicotine plants was 6.0 ± 1.5 
percent (n = 36), and for treated low-nicotine plants it was 2.2 ± 0.6 percent (n = 28). Run a statistical 
test comparing the two results, calculate the P-value, and comment on significance. 
 
Question 2 
The pathway for nicotine synthesis in tobacco involves a key enzyme, putrescine methyl transferase 
(PMT). Tobacco plants were made transgenic with a pmt gene that contained an extensive interrupting 
sequence within the coding region. Functional mRNA for PMT and nicotine were measured and 
compared to wild type plants, with the following results: 
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 Transgenic Wild type 

mRNA for PMT 
(units) 0.02 2.5 

Nicotine content 
(ug/mg leaf wt) 0.02 3.5 

 
A. What is the relationship between PMT-mRNA and nicotine content? What data support your 
conclusion? 
 
B. Was the transgenic approach effective in reducing nicotine content? 


