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Tau is a microtubule-as so ci ated pro tein that is pref er en -
tially found in the neuronal ax ons. In neurodegenerative
dis eases, col lec tively termed tauopathies, mal func tion of
tau and its de tach ment from axonal microtubules, of ten as -
so ci ated with ab nor mal phosphorylation of tau, are cor re -
lated with axonal de gen er a tion and loss of microtubule
mass [1]. Tau can pro tect microtubules from microtubule-
 de grad ing en zymes such as katanin [2] and reg u late trans -
port by mo lec u lar mo tors along the microtubule [3,4].
How ever, how tau car ries out these reg u la tory func tions is
still un clear. Us ing in vi tro re con sti tu tion and TIRF mi -
cros copy, we show that tau mol e cules can bind to
microtubules in two dis tinct modes: ei ther as (i) sin gle tau
mol e cules in de pend ently dif fus ing on the microtubule sur -
face, or (ii) co op er a tively-bound tau that form a co he sive
tau “en ve lope” en clos ing the microtubule lat tice [5-8]. We
found that tau en ve lope for ma tion al ters the spac ing of
tubulin dimers within the microtubule lat tice, where en ve -
lope for ma tion com pacted the un der ly ing lat tice, and lat -
tice ex ten sion in duced tau en ve lope dis as sem bly [7]. Tau
en ve lopes form a se lec tively per mis si ble bar rier that in hib -

its kinesin-1 mo tors while al low ing dynein move ment, and
pro tects microtubules against the ac tiv ity of microtubule
sev er ing en zymes such as katanin [5]. Tau en ve lopes it self
are reg u lated by tau phosphorylation, where phospho -
rylation of tau leads to destabilization of “healthy” non-
 phosphorylated tau en ve lopes and re duced pro tec tive func -
tion al ity of the en ve lopes [8]. Com bined, our data re veals
the microtubule-de pend ent co op er a tive bind ing mode of
tau that can con sti tute an adapt able pro tec tive layer on the
microtubule sur face. The sub tle change in the microtubules 
lat tice struc ture can dif fer en tially af fect the af fin i ties of
other microtubule-bind ing pro teins to the microtubule sur -
face, thus po ten tially di vid ing micro tubules into func tion -
ally dis tinct seg ments. Fi nally, our data sug gests that a
re duc tion in microtubule mass linked to tau
hyperphosphorylation in neurodegenerative dis eases,
could be ex plained by the destabilization and im paired
func tion al ity of the tau en ve lopes upon tau phosph -
orylation.
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Thanks to ad vance ments in cryo-elec tron mi cros copy, the
struc ture and se quence com po si tion of tau am y loid fi brils
from dif fer ent dis eases are well-es tab lished [1]. How ever,
the ex act mech a nisms un der ly ing dis ease-spe cific mech a -
nisms, spread ing pat terns, and re sult ing dis ease-spe cific fi -
brils mor phol ogy re main elu sive, hin der ing the de velop-
ment of spe cific anti-tau ther a pies. Pre vi ously val i dated
am y loid mo tifs in the tau pro tein se quence are re garded as
car ri ers of tau amyloidogenicity be cause of their in trin sic
beta pro pen sity and abil ity to as sem ble into sta ble am y loid
fi brils core [2-3]. To gether with en vi ron men tal fac tors and
posttranslational mod i fi ca tions (PTMs), these short am y -
loid-nu cle at ing mo tifs con trib ute to the for ma tion of dif fer -
ent protofilaments in ter face, which un der pin the am y loid
fi brils poly mor phism. One of the most com mon PTMs that
plays a key role in the pathogenesis of Alz hei mer’s dis ease
is trun ca tion, which pro motes the self-  as sem bly of tau
mono mers by ex pos ing re gions that are prone to ag gre ga -
tion in Alz hei mer’s dis ease [4]. In some cases, how ever,
trun ca tions in am y loid-prone re gions can im pair fur ther
am y loid ag gre ga tion. In our study, five vari ants of dif fer ent 
lengths of tau in volv ing dif fer ent am y loid mo tifs were
used, in clud ing two ex per i men tally tested PHF6(306-311)
and PAM4(350-362) and pre dicted G(326-331) and
L(341-449) to dem on strate the se quence-de pend ent ag gre -
ga tion mech a nism. All tau vari ants were trun cated at res i -
due 391 from the C-ter mi nus and at the dif fer ent sites from
N-ter mi nal part of the pro tein (297-391, 306-391, 316-391, 
321-391, 326-391). Pro pen sity to ward am y loid ag gre ga -
tion of five tau vari ants was eval u ated by ThT flu o res cence
as say, and the pres ence of poly mor phic am y loid fi brils was 
con firmed by atomic force mi cros copy un der four ag gre ga -
tion con di tions – with or with out hep a rin and DTT.
Tau321-391 ex hib its the high est am y loid ro bust ness across 
all tested con di tions, be ing the only tau vari ant to pro duce
fil a ments un der phys i o log i cal con di tions rep re sented by
pure PBS buffer. On the other hand, tau326-391 vari ant
failed to pro duce the fi brils even in the pres ence of hep a rin, 

in di cat ing the cru cial role of 321-325 for tau mono mers
self-as sem bly. 

Mo lec u lar dy nam ics sim u la tions re vealed an in creased
pro pen sity of 321-325 se quence to ward beta-struc tures in
all atom sim u la tions but a rather he li cal pro pen sity in
coarse-grained sim u la tions. Tau321-391 mono mers in ter -
acted through a he li cal in ter face, which was al ready fea -
tured for other am y loid pro teins in early stages of
ag gre ga tion. MD sim u la tions suc cess fully rep li cated se -
quence-spe cific beta-sheet pro pen sity in agree ment with
computationally pre dicted and ex per i men tally es tab lished
am y loid-nu cle at ing mo tifs.
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