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olesterol activates the G-protein
coupled receptor Smoothened to
promote Hedgehog signaling
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Abstract Cholesterol is necessary for the function of many G-protein coupled receptors
(GPCRs). We find that cholesterol is not just necessary but also sufficient to activate signaling by
the Hedgehog (Hh) pathway, a prominent cell-cell communication system in development.
Cholesterol influences Hh signaling by directly activating Smoothened (SMO), an orphan GPCR that
transmits the Hh signal across the membrane in all animals. Unlike many GPCRs, which are
regulated by cholesterol through their heptahelical transmembrane domains, SMO is activated by
cholesterol through its extracellular cysteine-rich domain (CRD). Residues shown to mediate
cholesterol binding to the CRD in a recent structural analysis also dictate SMO activation, both in
response to cholesterol and to native Hh ligands. Our results show that cholesterol can initiate
signaling from the cell surface by engaging the extracellular domain of a GPCR and suggest that
SMO activity may be regulated by local changes in cholesterol abundance or accessibility.

DOI: 10.7554/eLife.20304.001

Introduction

Cholesterol, which makes up nearly half of the lipid molecules in the plasma membrane of animal
cells, can influence many signal transduction events at the cell surface. It plays an important role in
modulating the function of cell-surface receptors, including G-protein coupled receptors (GPCRs),
the largest class of receptors that transduce signals across the plasma membrane, and antigen
receptors on immune cells (Burger et al., 2000; Pucadyil and Chattopadhyay, 2006; Swamy et al.,
2016). The structures of several GPCRs reveal chglesterol molecules tightly associited with the hep-
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Figure 6 X

I'he Smoothened cysteine-rich domain
is required for cholesterol-mediated
activation of Hh signaling.
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https://jats.nlm.nih.gov/publishing/tag-library/1.0/index.html

Journal Publishing Tag Library NISO JATS Version
L0

<table-wrap-group>
<target>
<tbody>

<td>

<term>
<term-head>
<tex-math>
<textual-form>
<tfoot>

<th>

<thead>
<time-stamp>
<title>
<title-group>
ipd
<Irans-abstract>
<Irans-source>
<Irans-subtitle>
<trans-itle>
<trans-itle-group>
<underline>
<uri>
<verse-group>
<verse-line>
<volume>
<volume-id>
<volume-series>
<word-count>
<xref>

<year>
) Atfributes

} Parameter Entities

» Document Hierarchy Diagrams

1 Full Article Samples

» Common Tagging Practice

B Accessibility

} Implementing This Tag Set

1 Version 1.0 Change Report

A Element Context Table

A Index

 Supporting Documentation Home

Journal Publishing Tag Library NISO JATS Version 1.0
National Center for Biotechnology Information (NCBI)

National Library of Medicine (NLM)

Introduction to Elements

This section describes each element in the Journal Publishing Tag Set. Although the elements are declared in many different modules, they are described here in alphabetical order of their tag names (1.¢., element type names). The tag
name is the shorter machne-readable name used in tagged documents, DTD fragments and schemas, and by software; for example, the tag name <p> 1s used for the element named Paragraph.

Each element 1s described by a separate HTML page, where the heading for the page displays the element’s tag name followed by its longer descriptive name. The rest of the element description page discusses aspects of the element
and its usage. These sections within the page always appear in the following order although any given element page may not contan all the sections:

Definition

Remarks

Attributes

Related
Elements

Content
Model

Expanded
Content
Model

Description

May Be
Contained In

Tagged
Example

Module
(Implementor
Information)

Provides a narrative description of the element, that 1s, it “defines” the element and may provide mformation on its usage. This is not intended to be a formal dictionary definition, but more to provide information
about an element and how it may be used.

Provides additional information about the element, explanations of similar or contrasting elements, or instructions for element usage. (See also Related Elements described below.)

Conversion Notes and Technical Notes are explicit and sometimes very technical nstructions to people who are mapping between documents tagged according to this Tag Set and those tagged according to other
tag sets; building conversion software to convert between another tag set and one written from this Suite; or producing products based on this Suite. These notes may be more technical than a general reader will
need to worry about.

Authoring Notes are usage instructions aimed at persons writing or editing journal articles according to a tag set written from this Suite.

Implementor’s Notes are instructions written to persons creating or maintaining DTDs or schemas based on the Suite.

For an element that may take attributes, this segment contains an alphabetical list of those attributes. Each line contains the identification for one attribute: first, the attribute’s name as it appears in this Tag Set, then

Todas las etiquetas utilizadas por s

Contains information about elements
columns, one or more container eleme
information about all of them will be

Contains a copy of the element’s decl f
elements. Users not familiar with forr R R R

Contains a copy of the element’s decl Sc I E LO P u b I I S h I n g S c h e m a cribed
element can contain, and 1n what com

The description is an English-language athat the
two Content Models provide in XML symaa. s va « -~ - anth text and
other elements in some combination. If an element ,

The Tag Library contains a complete context table p rov I e n e n d e I e St a n d a r J ATS iscussed.
This alphabetical listing of all elements which may | element.

Provides an excerpt of a tagged XML document, showing use of the current element. Usually an element is shown in context, with its surrounding elements, and the current element is highlighted in bold.

Names the base Suite module or Publishing module in which the element is defined. If an element is defined only in the base Suite, the base module name is given. In those instances in which this Tag Set overrides
the Suite’s declaration for an element, the name of the Tag-Set-specific override module s given instead.
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< /JR> Recommendations  Checkyour XML  Participate ~ About JATS4R XML Learning Centre

JATS FOR REUSE

About JATS4R
recommendations

Article publication
and history dates

General
recommendations

Citations (general) Citations

_*tatus: DRAFT ] Data citations

Data availability
Context statements

<ref> and elements contained therein. Display objects
FROM THE XML LEARNING CENTRE

Math

Desc I'iptiﬂﬂ Schematron: a handy XML tool

Permissions

‘ . i
These recommendations contain best practices for - that's not just for villains!

N.B. For specific recommendations on tagging data citations, see the Data Citations page. So you want to adopt JATS. What
decisions do you need to make?
Additional reading Why XML Metadata Matters More

than Ever (and how you can

See the JATS tag library documentation for a collection of best practices for tagging citations. optimise yours for reuse)
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IJ JATS4R / JATS4R-Participant-Hub ©OWatch 26  KStar 14 YFork 18
<> Code Issues 33 Pull requests 0 Projects 0 Wiki Insights
Branch: master v JATS4R-Participant-Hub / examples / affiliations.md Find file  Copy path
. seligym Update affiliations.md f3e9615 on 15 Sep

3 contributors . ¢ : a

228 lines (204 sloc) 8.99 KB Raw = Blame @ History .

#Affiliations N.B. See samples of author and affiliation relationhsips in [authors_affililations.md]
(https://github.com/JATS4R/JATS4R-Participant-Hub/blob/master/examples/authors_affiliations.md)

American Society for Microbiology
Aries

BIR

de Gruyter

eLife

Frontiers

Peer)

Redalyc

SciELO

American Societv for Microbioloav



tt S: glthub com/JATS4R/JATS4R-Participant-Hub/blob/master/examples/affiliations.md
alyc

<aff id="affl">
<institution content-type="original”>Centro de Recursos para el

Aprendizaje, Universidad de Puerto Rico en Bayamén. ivette.maldonadol@upr.edu</institution>

<institution content-type="orgname”>Universidad de Puerto Rico</institution>

SciELO

¢institution content-type="normalized">Universidade de Sao Paulo</institution>

¢institution content-type="orgname">USP</institution>
¢institution content-type="orgdivl“>Faculdade de Medicina de Ribeirdo Preto</institution>

¢institution content-type="orgdiv2">Departamento de Cirurgia e Anatomia</institution>
<addr-line>
<named-content content-type="city">Ribeirdo Preto</named-content>

<named-content content-type="state">SP</named-content>
¢/addr-line>
<country country="BR">Brasil</country>

¢institution content-type="original">Departamento de Cirurgia e Anatomia, Faculdade de Medicina de Ribeirdo Pret
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Instalacion del Programa de Marcacion SciELO

2 Instalacion del Programa de Marcacion

SciELO

Descargas Descargas Repositories 87 People 9

Antes de empezar . .
Ultima version
SGIELO PC Programs 4.0.093R4 uage: All v
Antes de empezar open Source
El programa de marcacién, desarrollado por SciELO solamente funciona en Sistema Operativo
Windows, es un Plugin para Word. Opac_pl‘oc

Metadata collection processing for the OPAC ScifLO A @ Python @ JavaScript @ PHP @ CSS

SciELO México trabaja con |as versiones:

@ HTML

) R . ) Opython W1 ¥4 Updated 4 hours ago
Sistema Operativo: Windows 7, Windows 8 y Windows 10

Microsoft Office Word: 2007(SP3), 2010y 2013

. . Most used topics
Los enlaces proporcionados corresponden a |as versiones vigentes actualmente Joumals'hSt

O Importante

This script produces a list of SciELO journals for use by the marking team. service-client-lib  daterscience

\ interoperabilit dataset  scielo
Lea cuidadosamente |as instrucciones de instalacién antes de comenzar. L Python *i ? 1 Updated 4 hours ago P y
o Prerrequisitos
o Windows 32 bits
xylose
o Windows 64 bits y People 9
¢ Instalacion de Prerrequisitos Syntactic sugar for ISIS-JSON type 3

o Python ' «
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