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By Sabrina Diano1,2

T
he discovery of the anorexigenic (loss 

of feeding) adipose-derived hormone 

leptin (1) and its action on part of the 

brain, the central melanocortin sys-

tem (2), confirmed earlier predictions 

of a crucial role of peptides produced 

by the neurons in this system, neuropeptide 

Y (NPY) and proopiomelanocortin (POMC), 

in the control of appetite and feeding (3). 

Further studies reaffirmed the 

relevance of these circuits in 

metabolism regulation by the 

use of increasingly sophisti-

cated methods (4, 5). On page 

76 of this issue, Luo et al. (6) 

reveal the unsuspected role of 

another hypothalamic neuro-

nal population in control of 

feeding, consisting of cells that 

express the neuropeptide soma-

tostatin (SST), in the nucleus 

tuberalis lateralis (NTL). This 

finding adds to the neurological 

components that regulate food 

intake and thus body weight.

Luo et al. observed that after 

overnight food deprivation or 

the administration of the hun-

ger hormone ghrelin in mice, 

SST-expressing neurons in the 

hypothalamic NTL expressed 

the immediate early gene Fos, a 

marker of neuronal activation. 

This suggested a potential role 

for these neurons in feeding reg-

ulation. To investigate this pos-

sibility, Luo et al. used selective 

activation of NTL SST+ neurons 

either by means of DREADD 

(designer receptor exclusively 

activated by designer drug) or 

optogenetics. Either approach increased 

cumulative eating time and frequency. Con-

versely, inhibition of SST+ neurons by use 

of DREADD or optogenetics significantly 

reduced feeding. To assess their long-term 

effect on metabolism, elimination of SST+

neurons in mice resulted in decreased daily 

food intake and decreased body weight gain 

over time. To explore the efferent signaling 

involved in this process, they traced SST+ col-

lateral neuronal projections to several brain 

areas, including the hypothalamic paraven-

tricular nucleus (PVN), the bed nucleus of 

the stria terminalis (BNST), the central amyg-

dala, and the periaqueductal gray. The PVN 

and the BNST were found to be the main pro-

jection sites of the NTL SST+ neurons, and 

only their axonal stimulation from optoge-

netics increased food intake (see the figure). 

This effect on food intake was blunted by lo-

cal administration of the g-aminobutyric acid 

(GABA
A
) receptor antagonist bicuculline, 

indicating that GABAergic inhibitory signal-

ing of the NTL SST+ neurons is important. 

In line with this, both enzymes involved in 

GABA production, glutamate decarboxylase 

1 (GAD1) and GAD2, were found to be ex-

pressed in these neurons. 

These findings add another player to the 

increasing number of nodes in the brain 

that affect homeostatic feeding. To date, the 

efforts to modulate feeding and aberrant 

feeding behavior—for example, in associa-

tion with obesity or anorexia nervosa—have 

proven futile to control body weight and 

related impairments in physiology. Because 

food intake is a crucial aspect of survival, 

and because the neurological control of ex-

ecutions of complex, goal-oriented behaviors 

assures survival, it is not surprising that 

many brain regions are involved in the con-

trol of feeding. Indeed, multiple brain areas, 

from “lower” to “higher” func-

tion–related brain regions, have 

been shown to affect various 

aspects of eating. These include 

multiple hypothalamic nuclei, 

the BNST in the basal forebrain, 

the parabrachial nucleus in the 

hindbrain, the amygdala, the 

hippocampus, as well as the pre-

frontal cortex (7). 

However, there are several 

caveats with all these obser-

vations, including the one by 

Luo et al. Regardless of the 

increasing sophistication of 

the experimental tools, such as 

optogenetics and chemogenet-

ics, activation or inactivation 

of cells are both arbitrary from 

the perspective of the size of 

the cell population, the tim-

ing, and type and amounts of 

interference with neuronal ac-

tivity. For example, what are 

the physiological triggers for 

the activation of these cells? 

What are the intracellular and 

extracellular adaptations that 

enable firing of these cells at a 

time of declining glucose and 

increasing fatty acid availabil-

ity? Could lipid utilization as 

well as mitochondrial and synaptic adap-

tations drive the activation of SST+ cells 

under hunger conditions, similar to what 

was found for hypothalamic NPY+ neurons 

that also produce Agouti-related peptide 

(AgRP) (8–10)?

Another interesting question is whether 

these NTL SST+ neurons that are involved in 

feeding control may also affect other com-

plex behaviors. For example, hypothalamic 

NPY+AgRP+ neurons drive complex behav-

iors beyond feeding, such as reward seek-

ing (11), anxiety, locomotion, and repetitive 
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Neurological circuits in appetite
Hypothalamic neuronal populations (POMC+, 

NPY+AgRP+, and SST+) regulate appetite and food 

intake through multiple neurological circuits. 

Activation of NTL SST+ neurons increases feeding 

time and frequency. Modulating this circuit may 

help overcome the aberrant feeding behavior of 

obesity and anorexia nervosa.
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behavior (12, 13). Because hunger evokes 

multiple well-coordinated efferent outputs 

in the brain, it is likely that NTL SST+ neu-

rons will affect multiple behavioral outputs 

as well. In this regard, it is notable that the 

NTL has been less defined in rodents. In-

triguingly, and arguing for a potential role 

for these neurons in complex behaviors, 

neuronal loss in the NTL has been shown to 

occur in Huntington’s disease (14), whereas 

SST production in NTL neurons is reduced 

in Alzheimer’s disease (15). 

The physiological and pathophysiological 

implications of the study by Luo et al. need 

future investigations to confirm the role of 

these circuits in humans. This is further 

confounded by the fact that our understand-

ing of the homology between mouse and 

human circuits affecting feeding behavior 

is currently limited. Nevertheless, because 

most discoveries on neurological control 

of human feeding behavior originated in 

animal studies, the current finding of a role 

for NTL SST+ neurons in feeding regulation 

in mice warrants investigations in human 

subjects as well. The human studies that 

followed the discovery of leptin and mela-

nocortin signaling in mice were a notable 

success of these comparative approaches. 

Whether such endeavors pursuing the NTL 

SST+ circuit will deliver insights and poten-

tial therapies for metabolic disorders in hu-

mans is yet to be seen.

Luo et al. have introduced a new player 

in the sandbox of neuronal nodes that affect 

feeding. Their observations open up a new 

vista in the control of eating and other goal-

oriented complex behaviors and peripheral 

tissue functions.        j
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Molecular movies filmed at 
conical intersections
Electron diffraction maps atomic motions that result 
from photoexcitation of CF

3
I molecules 

By Helen H. Fielding

H
ow molecules respond to ultraviolet 

(UV) light is not only a fundamen-

tal issue but has relevance in na-

ture (such as in photosynthesis) and 

technology (such as with solar cells). 

Many spectroscopic methods have 

been developed for the study of photoexcited 

molecules in the gas phase, free from inter-

actions with any environment, because these 

conditions allow the intrinsic properties of 

the molecule to be studied in exquisite de-

tail and to be compared directly with theory. 

Many spectroscopic methods rely on measur-

ing observables from which it is possible to 

infer the positions of the individual atoms 

of the molecule but do not directly measure 

molecular structure. On page 64 of this issue, 

Yang et al. (1) report the use of ultrafast gas-

phase electron diffraction (GED) and high-

level calculations to probe the movements of 

individual atoms in the prototypical molecule 

CF
3
I after the absorption of UV light. 

When a molecule absorbs UV light, it is 

promoted to an electronically excited state in 

which the individual atoms are no longer in 

their equilibrium positions. Their resulting 

excess potential energy can be redistributed 

in a variety of ways. For example, a molecular 

bond may break, or the atoms may rearrange 

to form a new molecular structure in which 

the excited electronic state and another elec-

tronic state become degenerate (a conical 

intersection between potential energy sur-

faces). Such conical intersections provide 

particularly efficient “funnels” for transfer-

ring molecules from an electronically excited 

state to a lower-lying excited electronic state 

or back to the ground state. 

A molecular bond typically breaks or re-

laxes through a conical intersection in a 

few tens of femtoseconds. Spectroscopic 

measurements on these time scales became 

possible in the late 1980s with the advent of 

femtosecond lasers. Zewail and co-workers 

carried out the first pioneering experiments, 

using femtosecond laser pulses to record 

spectroscopic signatures of molecular bonds 

breaking and rearranging (2). After the 

pump pulse, a series of precisely timed probe 

pulses interrogate the electronic or molecu-

lar structure of the excited molecule. One 

approach is femtosecond time-resolved pho-

toelectron spectroscopy, which has proved to 

be a powerful detection technique for prob-

ing ultrafast electronic relaxation processes 

in neutral molecules (3, 4) and molecular 

anions (5–7) in the gas phase. The related 

techniques of femtosecond pump-probe 

velocity-map ion imaging (8) and time-re-

solved photoelectron-photoion imaging (9) 

have also proved valuable for monitoring the 

fragments of dissociation reactions. How-

ever, these techniques probe the evolution of 

the electronic wave function or the products 

of dissociation reactions and rely on comple-

mentary quantum chemistry calculations to 

deduce the corresponding molecular geom-

etries after the absorption of the photon or 

after dissociation. 

Time-resolved x-ray and electron diffrac-

tion techniques, on the other hand, are now 

emerging as exciting new methods for real-

time measurement of molecular structure 

after absorption of UV light (molecular mov-

ies) (10, 11). Yang et al. used the ultrafast GED 

setup at the SLAC National Accelerator Labo-

ratory to record a molecular movie of pho-

toexcited CF
3
I molecules. A femtosecond UV 

pump pulse promoted the molecules to elec-

tronically excited states. Ultrashort pulses of 

electrons were then fired at the photoexcited 

molecules at a series of precisely timed inter-

vals after the UV pump pulse. The resulting 

interference patterns arising from electron 

waves being scattered from the nuclei and 

electron clouds of the molecule were re-

corded at each time interval. Each diffraction 

pattern effectively provides a snapshot of the 

movie of molecular structures at the time 

each was recorded.

Yang et al. used a single UV photon to 

initiate C–I bond dissociation on an excited 

electronic state. This process has been the 

subject of several femtosecond pump-probe 

experiments, and the electronic states in-

volved and time scale for dissociation are 

well characterized (12). The velocity and an-

gular distributions provide information on 

the multiphoton pathways and the potential 
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“This finding adds to 
the neurological components 
that regulate food intake 
and thus body weight.”
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