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El Laboratorio de Genómica Microbiana de la Univ. Mayor está en la búsqueda de asistente de 
investigación para colaborar en el desarrollo del proyecto FONDECYT “Mechano-Physiology of 
Titin”, el cual está enmarcado en el estudio de la elasticidad de titina. En particular el asistente 
de investigación debe poseer experiencia previa en Biología Molecular e idealmente algún 
conocimiento en la preparación y purificación de proteínas recombinantes. Además, por la 
naturaleza multidisciplinar del proyecto, el cual combina herramientas provenientes de la 
química, biología y física, se requiere una persona altamente motivada y comprometida a 
aprender cosas nuevas. El proyecto cuenta con el financiamiento de FONDECYT (11180705) por 
los siguientes dos años. 
 
Contacto:  
Dr. J Andrés Rivas Pardo 
Centro de Genómica y Bioinformática  
 
Detalles del proyecto: 
El proyecto de investigación busca caracterizar la modulación del músculo cardíaco. Usaremos 
como modelo a titina, proteína elástica del músculo y que delimita la extensión y elasticidad del 
músculo estriado (Figura 1). Específicamente buscaremos entender como chaperonas—químicas 
y proteicas—son capaces de modificar la mecánica de titina junto con recuperar a una molécula 
oxidada, como es el caso de titina provenientes de tejido infartado. Para más detalles consultar 
los siguientes artículos: http://bit.ly/Titin_glutathione y http://bit.ly/Titin_Work 
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Figura 1. Titin es el tercer filamento del músculo. A) En el sarcómero, una molécula de titina comunica el disco-Z con 
la banda M. Dependiendo de la isoforma de titina la región de la banda I de titina contiene entre 40 a 100 dominios 
inmunoglobulina. (B) Titina determina la elasticidad del músculo. La fuerza por molécula de titina puede llegar a 
superar os 10 pN de fuerza, cuando un músculo es estirado hasta los 3.2 um de largo de sarcómero. (C) Gel de 
acrilamida de bajo entrecruzamiento muestra los tres filamentos contenidos en el músculo: actina, miosina y titina 
(adaptado de Rivas-Pardo 2018 ETLS; Linke et al Ann Rev Physiol 80, 389-411). 
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mutation in a residue located in the proximal domains of the titin I-band, immunoglobulin I10 (Thr2896Ile),
has been related to myocardial dysfunction [9]. Initial experiments suggest that the refolding after mechanical
unfolding of the I10 domain is impeded, compromising the elasticity of the titin I-band [10]. Moreover, func-
tional genomics have determined several truncations and mutations on titin [11–13], most of them are related
to muscles disorders including myocardial dysfunction, dilated and hypertrophic cardiomyopathy, tibial muscle
disease, and other muscle pathologies. Furthermore, in recent years, several mouse models have been developed
[14,15], finding that the removal of only a few Ig domains from the titin I-band generates a significant incre-
ment in the cardiomyocyte stiffness — force vs SL relationship, triggering diastolic dysfunction in the animals.
Hence, it is inescapable that titin contributes to the elasticity of myocytes, which could include the unfolding of
its Ig domains, proposing new roles unknown for this structural mechano-sensitive protein of the muscle.

Titin (single-molecule) mechanics
The seminal work developed during the last 20 years, using single-molecule force spectroscopy, has allowed
studying short segments of titin Ig domains under mechanical forces [5,16–21]. In these studies, the mechan-
ical folding and refolding of Ig domains has been studied in detail, providing information to understand the
mechanics of titin [5]. Despite the great efforts to study the mechanics of titin at the single-molecule level, its
gigantic size has limited to investigate only short segments of titin. Heterologous expression system has been
extensively used to examine the elasticity of the proximal I-band segment I4-I11 [22], and the distal segments
I65-70 [16] and I91-98 [5]. Moreover, by flanking the unstructured segments N2B and PEVK by the model Ig
domain I91, it was possible to characterize the mechanical properties of these elastic segments [23,24]. Atomic
force microscopy (AFM)-based force spectroscopy is the most extended technique to study the mechanical
properties of titin. The high control in the pulling force (±5 pN at high loads), the brief time response of the
feedback force system (<10 ms), the great time resolution, and automated software for picking single molecules,
made AFM-based force spectroscopy the archetypical instrument for studying protein mechanics [25]. For
instance, recent AFM studies have provided crucial information to describe the mechano-physiology of
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Figure 1. Titin is the third filament in muscle.
(A) A single titin molecule spans from the Z-disk to the M-band within half-sarcomere. Depending of the titin isoform, the
I-band region contains between 40 and ∼100 Ig domains. (B) Titin determines the elasticity of muscle. The pulling force per
single titin exceeds the 10 pN, when stretched over 3.2 mm. (C) Low cross-link acrylamide gel showing the three muscle
filaments: actin, myosin and titin. (Elasticity adapted from Linke et al. [3]).
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