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SEQUENCE-BASED POLYMORPHISM OF Tau PROTEIN AMYLOID FIBRILS
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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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Since the 80s, the d-sub unit is in the spot light of many re -
search ers who tried to solve the mys tery of its func tion. It
was first de scribed in Ba cil lus subtilis. How ever, it be came 
ap par ent that it is part of the tran scrip tion ma chin ery in
many Firmicutes, like Staph y lo coc cus aureus or Strep to -
coc cus pyogenes. It is also pres ent in intracellular bac te rial

par a sites from class Mollicutes. d-sub unit is as so ci ated
with the bac te rial RNA poly mer ase (bind ing part ner of its

sub unit b’), where it plays a cru cial role in tran scrip tion ini -
ti a tion and ter mi na tion. It was dem on strated that it serves a
role of ma jor tran scrip tion reg u la tor of genes, that are re -
spon si ble for en vi ron men tal ad ap ta tion, vir u lence and
sporulation [1,2,3,4].

Struc tural stud ies showed that the d-sub unit is roughly
20 kDa large pro tein, consisting of 2 do mains. N-ter mi nal
glob u lar do main which binds to the RNA poly mer ase core,
and highly acidic and in trin si cally dis or dered C-ter mi nal
one. While bind ing of the N-ter mi nal do main to the RNA
poly mer ase was more or less es tab lished, the struc ture and
bind ing of the C-ter mi nal do main was solved rel a tively re -
cently by H. H. Pei [3,4,5]. How ever, cur rent find ings shed
light only on the tran scrip tion ter mi na tion and re cy cling of
the RNA poly mer ase com plex, while the mech a nism and
func tion of the C-ter mi nal do main re main ob scured.

In the past, our group struc tur ally char ac ter ized the

d-sub unit of B. subtilis, and iden ti fied an im por tant se quen -
tial and struc tural fea ture - the lysine tract. We in ves ti gated
and con firmed, that the neg a tively charged C-ter mi nal do -
main in ter acts with the tract, cre at ing a more com pacted
struc ture of the whole pro tein [6]. In this study, we aimed to 
de scribe the re la tion be tween the length of the C-ter mi nal
do main and the ef fect of the lysine tract on the tran scrip tion 

and the struc ture of the d-sub unit. To probe the pos si ble ef -
fects, we com pared it to its homolog from S. aureus,

which nat u rally lacks the lysine tract. Fur ther more, we

char ac ter ized the S. aureus d-sub unit struc ture us ing SAXS 
and NMR, which gave us some im por tant clues about the
na ture and func tion of this reg u la tory pro tein.
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PHOTOACTIVATION OF HUMAN GREEN CONE OPSIN STUDIED BY STIMULATED
RAMAN SPECTROSCOPY: INITIAL STEPS TOWARD UNDERSTANDING THE EARLY

EVENTS IN HUMAN VISION
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Ret i nal pro teins have been the fo cus of sci en tific in ves ti ga -
tion for sev eral de cades, lead ing to a sub stan tial body of
knowl edge about these piv otal com po nents of the bio -
sphere. How ever, de spite this prog ress, de tailed in sights
into the dy nam ics of opsins un der ly ing hu man vi sion re -
main re mark ably lim ited [1]. This knowl edge gap arises
not from a lack of in ter est but from sig nif i cant chal lenges
in her ent in the study of these pro teins. Firstly, the euka -
ryotic na ture of hu man opsins ren ders their prep a ra tion
highly com plex. Sec ondly, their mono stable na ture causes
the pro teins to un dergo ir re vers ible dis in te gra tion fol low -
ing a sin gle pho ton ab sorp tion. A col lab o ra tive ef fort be -
tween bio chem ists from the Paul Scherrer In sti tute and
metrologists from the ELI Beamlines fa cil ity has suc cess -
fully ad dressed these chal lenges. Em ploy ing ap prox i -

mately 50 microliters of a hu man green op sin sam ple, the
re search ers cap tured the photoisomerization pro cess with a 
high sig nal-to-noise ra tio. This achieve ment rep re sents the
first-ever re corded dy nam ics of hu man cone opsins. These
find ings con sti tute a sig nif i cant ad vance ment in our un der -
stand ing of hu man vi sion and pro vide a foun da tion for
com par a tive stud ies with other ret i nal-driven photo bio lo -
gical pro cesses. Cur rent re sults sug gest sur pris ingly large
dif fer ences in the struc ture and dy nam ics of cone opsins re -
spon si ble for color vi sion com pared to the some what
better-un der stood rhodopsins that me di ate ach ro matic
night vi sion.

1.  Gerd G. Kochendoerfer, Zhiyan Wang, Dan iel D.
Oprian,and Rich ard A. Mathies, Bio chem is try, 36,
6577-6587 (1997).

Fig ure 1. Steady state, time re solved femto second stim u lated Raman spec tra and cryo-EM im ages of green op sin. Time re -
solved dy namic was af ter photoactivation at 560 nm. Re sults sug gests that isomerization is al most fully com pleted af ter
200 fs mak ing it even faster than in bo vine rho dop sin and ar gu ably the fast est bio chem i cal reaction ever ob served.
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DEVELOPMENT AND APPLICATION OF CATALYTIC DNA SENSORS
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Peo ple typ i cally think of DNA as a mol e cule that stores ge -
netic in for ma tion, but this re mark able poly mer can also
have many other func tions. These in clude the abil ity to cat -
a lyze chem i cal re ac tions. In this pre sen ta tion I will talk
about cat a lytic DNA mol e cules re cently de vel oped in our
group that gen er ate chemiluminescent, flu o res cent, and

colorimetric sig nals. I will also dis cuss our ef forts to con -
vert these DNA en zymes into sen sors that only gen er ate a
sig nal in the pres ence of spe cific tar get mol e cules. Such
sen sors have great po ten tial for ap pli ca tions such as di ag -
nos tics and high-through put screen ing.
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CHLAMYDIA EFFECTOR CT622/TaiP COMPLEX WITH AUTOPHAGY MASTER
REGULATOR ATG16L1
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Chlamydia trachomatis is an ob li gate intracellular bac te -
rium that re lies on a di verse ar se nal of se creted effector
pro teins to ma nip u late host cel lu lar pro cesses and es tab lish 
the in clu sion, a spe cial ized com part ment es sen tial for its
pro lif er a tion. Among these effectors, CT622/TaiP has
emerged as a key reg u la tor of host-patho gen in ter ac tions,
yet its pre cise mo lec u lar func tion re mains elu sive.

Pre vi ous find ings in di cated that CT622/TaiP di rectly
in ter acts with the WD40 do main of ATG16L1[1], a cru cial
autophagy reg u la tor in volved in autophagosome for ma tion 
and mul ti ple pro tein in ter ac tions. As part of our col lab o ra -
tive pro ject with Prof. Agathe Subtil (Institut Pas teur), we
aimed to char ac ter ize this com plex and pro pose a po ten tial

Fig ure 1. Re sults of yeast dis play-based map ping of the CT622/TaiP–ATG16L1 bind ing site and af fin ity mat u ra tion. Cir cle size
rep re sents mu ta tion fre quency within the se lected pop u la tion. Color code: sky blue for mu ta tions with fre quency >0.2, ma genta for mu -
ta tions with fre quency >0.05 and yel low for mu ta tions with frequency bellow 0.05



mech a nism by which Chlamydia mod u lates autophagy to
evade deg ra da tion.

De ter min ing the ex per i men tal struc ture of this com plex 
pre sented a sig nif i cant chal lenge due to the un fa vor able
bio chem i cal prop er ties of both pro teins, ne ces si tat ing ex -
ten sive pro tein en gi neer ing to en hance their sta bil ity and
af fin ity. Since pre dic tive al go rithms such as AlphaFold-
 Multimer failed to ac cu rately model the in ter ac tion, we em -
ployed yeast dis play-based map ping of the bind ing site and 
af fin ity mat u ra tion (Fig ure 1). To sup port our mutational
data, we uti lized hy dro gen–deu te rium ex change mass
spec tro m e try and mutational anal y ses, which al lowed us to
de sign pro tein vari ants suf fi ciently sta ble for cryo-EM
struc ture de ter mi na tion.

Our find ings pro vide new in sights into the mo lec u lar
ba sis of CT622/TaiP–ATG16L1 bind ing and es tab lish a
frame work for un der stand ing how Chlamydia ma nip u lates
the autophagy ma chin ery, with po ten tial im pli ca tions for
ther a peu tic in ter ven tion.

1. Hamaoui D., et al. (2020) The Chlamydia effector
CT622/TaiP tar gets a nonautophagy re lated func tion of
ATG16L1, Proc Natl Acad Sci U S A. 2020.
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BE YOND MONO LITH X- THE PRIN CI PLES OF SPEC TRAL SHIFT
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Among many ex ist ing flu o res cence-based ap pli ca tions,
ded i cated to char ac ter iza tion of mo lec u lar in ter ac tions,
vast ma jor ity de pend on site-spe cific la bel ing, bind ing- in -
duced change of con for ma tion, or size of in ter act ing mol e -
cules. To over come these lim i ta tions, we ap plied a ra tio -m
etric dual-emis sion ap proach that quan ti fies ligand-in -
duced spec tral shifts with sub-nanometer sen si tiv ity. The
use of en vi ron ment-sen si tive near-in fra red dyes with the
method we de scribe, en ables af fin ity mea sure ments and

ther mo dy namic char ac ter iza tion with out the ex plicit need
for site-spe cific la bel ing or ligand-in duced con for ma tion
changes. The  new est  iso ther mal  spec tral  shift  tech nol -
ogy,  im ple mented  to gether  with  TRIC (tem per a ture re -
lated in ten sity change), in new est NanoTemper sys tem,
Mono lith X al lows re search ers to work in so lu tion with va -
ri ety of biomolecules, in clud ing pro teins, an ti bod ies, and
nu cleic ac ids, as well as with the most chal leng ing types of
tar gets, like mem brane or in trin si cally dis or dered pro teins.
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USE OF FIDA FOR RAPID CHARACTERIZATION OF LIQUID-LIQUID PHASE
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Liq uid-Liq uid Phase Sep a ra tion (LLPS) is a phe nom e non
caused by the spon ta ne ous and re vers ible for ma tion of con -
den sates that re sults in a highly con cen trated dense phase
and a di lute phase [1].

In some cases, liq uid to solid tran si tions oc cur, caus ing
the for ma tion of am y loid fi brils, amor phous ag gre ga tion,
and gelation. Even though some times ben e fi cial to the cell,
these events are mostly as so ci ated with det ri men tal ef fects
re lated to var i ous neu ro log i cal dis or ders such as ALS, Alz -
hei mer’s and Par kin son’s dis ease [5]. As a re sult, LLPS has 
gained in creased at ten tion in ac a demic and in dus trial set -
tings [6]. De spite this, the field is lack ing eas ily ap proach -
able meth ods for rapid char ac ter iza tion of the key
pa ram e ters.

This Ap pli ca tion Note is based on the pa per of Stender,
Ray & Norrild et al. pub lished in Na ture Com mu ni ca tion
[3]. It de scribes how FIDA is used as the new method to

rap idly char ac ter ise mul ti ple cru cial LLPS pa ram e ters us -

ing mL of sam ple with no need of prior ex per tise in the
tech nol ogy.

Us ing Fida 1 as the sin gle ex per i men tal plat form, we
mea sured di lute phase con cen tra tions, drop let count, rel a -
tive drop let size dis tri bu tion, ki net ics of drop let for ma tion,
mat u ra tion into am y loid fi brils as well as the af fin ity be -
tween pro teins un der go ing LLPS and LLPS-mod u lat ing
com pounds.

More spe cif i cally, we ana lysed the in flu ence of ssDNA
on the con den sa tion of the n1 do main of hu man
DEAD-box helicase 4 (Ddx4n1). Ddx4n1 is a pro tein in -
volved in cre at ing the nuage in egg and sperm cells and is
well known for its role in par ti tion ing polynucle-otides [7].
We also pres ent how FIDA is used to study the liq uid to

solid tran si tion of a-synuclein into Thioflavin T pos i tive
am y loid fi brils - a pro cess in volved in Par kin son’s dis ease-
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show ing the great po ten tial of the tech nol ogy for the study
of LLPS-re lated neu ro log i cal disorders [8].
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