
 

PAPER DETAILS 
Original title: Rapid binge-like eating and body 
weight gain driven by zona incerta GABA neuron 
activation 

Reference: Vol. 356 no. 6340 pp. 853-859 

Authors: Xiaobing Zhang, Anthony Van den Pol Issue name: Science 

Original publication date: 26 May 2017 DOI: 10.1126/science.aam7100 

Annotator(s): Amelia Douglass  

 

TABLE OF CONTENTS 

1. Discussion questions 

2. Activities for interactive engagement 

3. Article overview 

4. Learning standards alignment 

 

 

 

 

 

 

 

 

 

 

Binge-eating on the brain 

Educator guide 
 



 
 

DISCUSSION QUESTIONS 

 
 

1. The authors targeted GABA neurons in the zona incerta (ZI) and vesicular 
glutamate transporter (VGlut2) neurons in the paraventricular thalamus (PVT). 
Why was it necessary for them to target a specific cell type within these 
regions rather than the brain structures as a whole? 

LEARNING STANDARDS 
 
SEP1 
LS1.A 
RST.11-12.6 
SP5 
EK3.D.2 
 

2. Ablation of GABA neurons in the ZI did not completely reduce food intake. Why 
not? Explain your reasoning.  

LS1.D  
Stability and Change 
RST.11-12.1 
EK2.C.1 
 

3. The authors demonstrate a connection between the PVT and parasubthalamic 
nucleus by both anatomical tracing methods and electrophysiology. Why did 
the authors perform both methods? What information does each technique 
provide that the other does not? 
 

SEP6 
Cause and Effect 
NS1 
NS2 
 

4. The authors use mice as a model organism to look at a human phenomenon: 
binge-eating. Why were mice chosen? What makes mice a suitable model 
organism to study human feeding behavior? Why not just use humans? 
 

5. What hormones are involved in the regular hunger-satiety cycle? How might 
this cycle be interrupted with stimulation of ZI GABA neurons and their 
projections to the PVT? 

SEP2 
Cause and Effect 
VC6 
 
LS1.A 
Stability and Change 
SP3 
EK3.E.2 

 

 

 

 

 

 

 

 

 

 



 
 

ACTIVITIES FOR INTERACTIVE ENGAGEMENT 

 
 
Writing an abstract 
 
Students write a new abstract for the article at a grade-appropriate reading level. 
 
 

LEARNING STANDARDS 
 
RST.9-10.2 
RST.11-12.2 
VC1 

Locating this study in the larger field 
 
Students use the annotated list of references to explain how this research builds on the 
published work of at least one other independent group of scientists. Students will 
evaluate whether data from this research supports or contradicts previous conclusions 
and reflect on the statement that scientific knowledge is a “community effort.” 
 
 

RST.9-10.8 
RST.11-12.8 
NS1 

Science in the news 
 
Students explore news stories in the Related Resources tab and evaluate the stories for 
tone, accuracy, missing information, etc. They may then write their own news stories 
based on the article.  
 

RST.11-12.5 
RST.11-12.6 
RST.11-12.8 
RST.11-12.9 

 
Connecting the neuron dots 
 
The authors show that parasubthalamic (PSTh) excitatory neurons sent input to the 
paraventricular thalamus (PVT) excitatory neurons. They go on to demonstrate that 
stimulation of the PSTh projections to the PVT inhibit food intake and are aversive. 
Using the experimental approaches used in this paper as a guide, outline a plan of how 
you would further explore the role of these PSTh neurons in feeding behavior. As a 
starting point, how would you map the neurons that provide input to these cells? 
 

 
SEP1 
LS1.D 
Cause and Effect 
SP3 
EK3.D.2 
 

Results and conclusions 
 
Students diagram each of the experiments presented in the study (divided up by figure, 
if appropriate). They then consider the results depicted in each figure, and how these 
results support the conclusions of the study.  
 

SEP6 
SP5 
NS1 

 
The next steps 
 
Students design a follow-on experiment to this study that either addresses flaws or 
unanswered questions in the research at hand, or builds on it to explore a new 
question. 

 
SEP1 
SP3 
VC1 

 

 



 
 

ARTICLE OVERVIEW 

Article summary (recommended for educator-use only) 

The authors investigated the role of a little-studied brain region, called the zona incerta (ZI), in food intake. The authors 

found that activating ZI cells in mice invoked binge-eating behavior. In contrast, ablation (surgical removal) of the ZI 

neurons reduced body weight. Additionally, the scientists show that ZI projections to another brain region, the 

paraventricular thalamus (PVT), underlies these effects on feeding behavior. Consequently, stimulation of the PVT cells 

that receive ZI input decreases food intake. 

Importance of this research 

The ZI is an understudied brain region. There are several publications that suggest a role for this region in food intake, 

but modern neuroscience techniques have not yet been applied in its study. Observations in human patients also point 

to a role for this region in food intake, as the ZI may often be inadvertently targeted in deep brain stimulation (DBS), 

which has been used to treat patients with Parkinson’s disease and depression. Oftentimes, these patients have noted 

an increased appetite post-DBS procedure. This study increased our knowledge of how the brain controls food intake 

and has opened the door to understanding how the ZI may be targeted to treat eating disorders. 

Experimental methods 

• Recordings of neuron activity in brain slices 

• Activation of neurons using optogenetics in live mice 

• Anatomical tracing of neuron projections and upstream neurons 

• Behavioral assays to show place preference 

• Body weight studies with administration of high-fat diet concurrent with cell ablation 

• Neuron silencing methods using chemogenetics 

Conclusions 

• ZI GABA neurons and their projections to the PVT promote binge-eating behavior. 

• Stimulation of the ZI GABA neuron projections to the PVT increases body weight and is rewarding for the mice. 

• ZI GABA neurons project to vesicular glutamate transporter (VGlut2) PVT neurons, which themselves decrease 

food intake. 

• VGlut2 PVT neurons also receive input from VGlut2 parasubthalamic nucleus neurons, which may antagonize the 

binge-eating behavior driven by ZI GABA inputs. 

• ZI GABA neurons are more active in the fasted stage and respond to the hunger hormone, ghrelin. 

 

 

 

 



 
 

LEARNING STANDARDS ALIGNMENT 

The following tables provide an overview of the learning standards covered by this article, including the A Framework for 

K-12 Science Education (Framework), Common Core State Standards English Language Arts-Literacy (CCSS ELA), Common 

Core State Standards Statistics and Probability (CCSS HSS), AP Science Practices, and Vision and Change for 

Undergraduate Education. Where applicable, activities and information will be marked with specific standards to which 

they are linked. 

A Framework for K-12 Science Education  

Science and Engineering Practices Disciplinary Core Ideas Crosscutting Concepts 

Asking Questions and Defining 
Problems (SEP1) 
Ask questions to determine relationships, 
including quantitative relationships, between 
independent and dependent variables. 
 

Developing and Using Models (SEP2) 
Develop, revise, and/or use a model based on 
evidence to illustrate and/or predict the 
relationships between systems or between 
components of a system. 

 
Constructing Explanations and 
Designing Solutions (SEP6) 
Apply scientific reasoning, theory, and/or 
models to link evidence to the claims to 
assess the extent to which the reasoning and 
data support the explanation or conclusion. 

 
 

LS1.A: Structure and Function 
Feedback mechanisms maintain a living 
system’s internal conditions within certain 
limits and mediate behaviors, allowing it to 
remain alive and function even as external 
conditions change within some range. 
Feedback mechanisms can encourage 
(through positive feedback) or discourage 
(negative feedback) what is going on inside 
the living system. 
 

LS1.D: Information Processing 
In complex animals, the brain is divided into 
several distinct regions and circuits, each of 
which primarily serves dedicated functions, 
such as visual perception, auditory 
perception, interpretation of perceptual 
information, guidance of motor movement, 
and decision making about actions to take in 
the event of certain inputs. In addition, some 
circuits give rise to emotions and memories 
that motivate organisms to seek rewards, 
avoid punishments, develop fears, or form 
attachments to members of their own 
species. 

Cause and Effect 
Events have causes, sometimes simple, 
sometimes multifaceted. A major activity of 
science is investigating and explaining causal 
relationships and the mechanisms by which 
they are mediated. Such mechanisms can 
then be tested across given contexts and used 
to predict and explain events in new contexts. 

 
Stability and Change 
For natural and built systems alike, conditions 
of stability and determinants of rates of 
change or evolution of a system are critical 
elements of study. 

 

 

 

 

 

 

 

 

 



 
 

Common Core State Standards English Language Arts-Literacy 

Key Ideas and Details Craft and Structure Integration of Knowledge and Ideas 

RST.9-10.1 
Cite specific textual evidence to support 
analysis of science and technical texts, 
attending to the precise details of 
explanations or descriptions. 

 
RST.9-10.2 
Determine the central ideas or conclusions of 
a text; trace the text’s explanation or 
depiction of a complex process, phenomenon, 
or concept; provide an accurate summary of 
the text. 

 
RST.11-12.1 
Cite specific textual evidence to support 
analysis of science and technical texts, 
attending to important distinctions the author 
makes and to any gaps or inconsistencies in 
the account. 

 
RST.11-12.2 
Determine the central ideas or conclusions of 
a text; summarize complex concepts, 
processes, or information presented in a text 
by paraphrasing them in simpler but still 
accurate terms. 
 

RST.9-10.4 
Determine the meaning of symbols, key terms, 
and other domain-specific words and phrases 
as they are used in a specific scientific or 
technical context relevant to grades 9-10 texts 
and topics. 

 
RST.9-10.5 
Analyze the structure of the relationships 
among concepts in a text, including 
relationships among key terms (e.g., force, 
friction, reaction force, energy). 

 
RST.9-10.6 
Analyze the author’s purpose in providing an 
explanation, describing a procedure, or 
discussing an experiment in a text, defining 
the question the author seeks to address. 
 
RST.11-12.4 
Determine the meaning of symbols, key terms, 
and other domain-specific words and phrases 
as they are used in a specific scientific or 
technical context relevant to grades 11-12 
texts and topics. 
 

RST.11-12.5 
Analyze how the text structures information or 
ideas into categories or hierarchies, 
demonstrating understanding of the 
information or ideas. 
 

RST.11-12.6 
Analyze the author’s purpose in providing an 
explanation, describing a procedure, or 
discussing an experiment in a text, identifying 
important issues that remain unresolved. 

RST.9-10.8 
Assess the extent to which the reasoning and 
evidence in a text support the author’s claim 
or a recommendation for solving a scientific 
or technical problem. 
 

RST.9-10.9 
Compare and contrast findings presented in 
a text to those from other sources (including 
their own experiments), noting when the 
findings support or contradict previous 
explanations or accounts. 

 
RST.11-12.8 
Evaluate the hypotheses, data, analyses, and 
conclusions in a science or technical text, 
verifying the data when possible and 
corroborating or challenging conclusions 
with other sources of information. 

 
RST.11-12.9 
Synthesize information from a range of 
sources (e.g., texts, experiments, 
simulations) into a coherent understanding 
of a process, phenomenon, or concept, 
resolving conflicting information when 
possible. 

 

 

 

 

 

 

 



 
 

AP Science Standards 

AP Science Practices AP Biology Content Standards 

Science Practice 3 (SP3) 
The student can engage in scientific questioning to extend thinking or 
to guide investigations within the context of the AP course. 
 

Science Practice 5 (SP5) 
The student can perform data analysis and evaluation of evidence. 

Essential knowledge 2.C.1 (EK2.C.1) 
Organisms use feedback mechanisms to maintain their internal 
environments and respond to external environmental changes. 
 

Essential knowledge 3.D.2 (EK3.D.2) 
Cells communicate with each other through direct contact with other 
cells or from a distance via chemical signaling.  
 

Essential knowledge 3.E.2 (EK3.E.2) 
Animals have nervous systems that detect external and internal 
signals, transmit and integrate information, and produce responses. 
 

 

Connections to the Nature of Science 

Vision and Change for Undergraduate Biology Education 
Core Competencies and Disciplinary Practices 

A Framework for K-12 Science Education 
Understandings About the Nature of Science 

Ability to Apply the Process of Science (VC1) 
Biology is evidenced based and grounded in the formal practices of 
observation, experimentation, and hypothesis testing. 
 

Ability to Understand the Relationship between Science 
and Society (VC6) 
Biology is conducted in a societal context. 

Scientific Investigations Use a Variety of Methods (NS1) 
Scientific inquiry is characterized by a common set of values that 
include: logical thinking, precision, open-mindedness, objectivity, 
skepticism, replicability of results, and honest and ethical reporting of 
findings. 
 

Scientific Knowledge is Based on Empirical Evidence 
(NS2) 
Scientific arguments are strengthened by multiple lines of evidence 
supporting a single explanation. 

 


