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Microtubules (MTs) un dergo var i ous post-translational
mod i fi ca tions, in clud ing polyglutamylation, which is the
pri mary mod i fi ca tion at un struc tured C-ter mi nal tubulin
tails cat a lyzed by mem bers of the tubulin ty ro sine ligase-
 like (TTLL) pro tein fam ily. In this re port, we pres ent the
struc tural and func tional char ac ter iza tion of TTLL11, the
least stud ied mem ber of the TTLL fam ily. The cryoEM
struc ture of the TTLL11/MT com plex re veals a unique bi -
par tite pat tern of microtubule rec og ni tion, where the
microtubule-bind ing and cat a lytic TTLL11 do mains en -
gage ad ja cent MT protofilaments. Bio chem i cal ex per i -
ments re vealed a pre vi ously un known glutamylation

pat tern, in which the polyglutamate tail di rectly ex tends the 

main chains of ei ther a- or b-tubulin sub units. Fi nally, we
have iden ti fied an in tri cate in ter play be tween the en zy -
matic ac tiv i ties of TTLL11, TTL, and glu ta mate car boxy -
pep ti das es that gov erns se lec tive mod i fi ca tions at
in di vid ual tubulin protomers. Our work un cov ers a novel
type of tubulin polyglutamylation that ex pands the rep er -
toire of known mod i fi ca tions com pris ing the ‘tubulin
code’. This code plays a ma jor role in dif fer en ti at ing
microtubules for dis tinct func tions within cells and tis sues.
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Mycobacterial HelD is a tran scrip tion fac tor that binds
stalled RNA poly mer ase (RNAP), dis so ci ates it from nu -
cleic ac ids and, if pres ent, the an ti bi otic rifampicin. The
res cued RNAP, how ever, must dis en gage from HelD to
par tic i pate in sub se quent rounds of tran scrip tion. The
mech a nism of re lease is un known. We show that HelD
from My co bac te rium smegmatis forms a com plex with

RNAP as so ci ated with the pri mary sigma fac tor sA and
tran scrip tion fac tor RbpA but not CarD. We solved a se ries

of RNAP-sA-RbpA-HelD struc tures with or with out pro -

moter DNA. These snap shots cap ture HelD dur ing tran -
scrip tion ini ti a tion, de scrib ing mech a nis tic as pects of HelD 
re lease from RNAP and its pro tec tive ef fect against
rifampicin. Bio chem i cal ev i dence sup ports these find ings,
de fines the role of ATP bind ing and hy dro ly sis by HelD in
the pro cess, and con firms the rifampicin-pro tec tive ef fect
of HelD. Taken to gether, HelD me di ates an al ter na tive
path way of tran scrip tion ini ti a tion where this pro cess is
pro tected from rifampicin un til the last pos si ble mo ment.
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Pseu do mo nas phage LUZ19 ex hib its broad infectivity
across clin i cally rel e vant P. aeruginosa strains. Phage as -
sem bly starts from a dodecameric por tal com plex at tached
to the host cell mem brane. The con struc tion of the capsid
shell around the por tal is fa cil i tated by scaf fold pro teins
which cre ate a mesh struc ture lo cated in side the com pleted
im ma ture procapsid. The scaf fold ing is cleaved and dis -
carded dur ing the ge nome fill ing and the ac com pa ny ing
procapsid ex pan sion. To un der stand how the scaf fold pro -
tein of LUZ19, with roughly half of its res i dues pre dicted
in dis or dered link ers, es tab lishes the icosahedral shape of
the phage capsid and me di ates the sym me try mis match be -
tween the capsid and the por tal ver tex, we con ducted a
cryo-EM study of the im ma ture LUZ19 phage par ti cle. We
show that the im ma ture procapsid is 16% smaller and ex -
hib its a rougher sur face com pared to the ex panded capsid.

The par ti cle con tains scaf fold and in ner core pro teins
along side por tal and capsid pro teins. The in ner core com -
plex forms a tower struc ture in side the capsid, com posed of 
three types of pro teins stacked over the por tal com plex. In -
ter est ingly, the por tal com plex is not in di rect con tact with

capsid pro teins; in stead, C-ter mi nal a-he li cal do mains of
scaf fold pro teins bridge the in ter ac tion. Link ers con nect ing 
these do mains to the cen tral he li cal bun dles of scaf fold pro -
teins in ter ca late asym met ri cally be tween por tal sub units.
Pre lim i nary find ings sug gest that cen tral do mains and long
N-ter mi nal arms of scaf fold pro teins in ter lock to as sem ble
the in ner support mesh. Our on go ing re search aims to elu -
ci date the in tri cate in ter ac tions be tween scaf fold pro teins
within the mesh, with par tic u lar fo cus on the func tional
role of their long, dis or dered N-ter mini.
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Tran scrip tion ter mi na tion is es sen tial for de lin eat ing the
ge netic in for ma tion stored in DNA, as it es tab lishes the
bound aries of transcriptional units [1]. In yeast, there are
two model path ways how  ter mi na tion of mRNA cod ing
genes is or ga nized: allosteric and tor pedo mod els. The tor -
pedo model con sid ers that the un pro tected free 5’-end of
the mRNA tran script is di gested by nuclease un til it col -
lides with RNA poly mer ase II (RNAPII), lead ing to dis so -
ci a tion from the tem plate. Stud ies in the yeasts showed that
ex posed free 5’-end of RNA serves as an en try point for
Rat1, a 5’-3’ exonuclease. Stim u lated by its co fac tor Rai1,
the Rai1/Rat1 (RR) com plex greatly stim u lates spon ta ne -
ous ter mi na tion [2]. How ever, the ex act mech a nism of how 
the RR com plex is re cruited to the site of tran scrip tion and
how RNAPII is re leased from the DNA is un known. Find -
ings also sug gest that the tor pedo com plex is re cruited by
Rtt103, rec og niz ing Ser2 [3] and or Thr4 phosphorylation
marks of RNAPII. This al lows us to hy poth e size that
Rtt103 helps to re cruit the 5’-3’ RNA ter mi na tion ma chin -
ery to the site of tran scrip tion.

Due to the vari a tions in Rai1/Rat1/Rtt103 com plexes in 
mesophilic (yeast) and thermophilic or gan isms, we set out
to in ves ti gate whether and how these com plexes as sem ble

in yeast Saccharomyces cerevisiae and fungi Chaetomium
thermophilum. Us ing a com bi na tion of struc ture bi ol ogy
tech niques in clud ing cryoEM, small-an gle X-ray scat ter -
ing (SAXS) and cross-link ing mass spec trom e try (XLMS)
we re veal dif fer ences of how the two tor pedo com plexes
as sem ble in mesophilic and thermophilic yeasts. Our ob -
ser va tions sug gest that thermophilic or gan isms have
adapted pro tein-pro tein in ter faces to fa vor the pres ence of
highly struc tured el e ments, whereas mesophilic or gan isms
pre fer the uti li za tion of un struc tured el e ments that fold
upon bind ing to their in ter ac tion part ners.
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Pro tein qual ity con trol is the most cru cial check point of
any pro tein pro duc tion and char ac ter iza tion pro cess. All
too many ex per i ments end up un suc cess fully due to poor
qual ity pro tein. Not only do you risk that use ful data is not
gen er ated, but sig nif i cant amounts of time can be lost on
trou ble shoot ing as say de sign with out re li able in sight to the
pro tein it self. It is there fore highly valu able to have in-
 depth con fir ma tion that the pro tein you work with be haves
as in its na tive state. Typ i cally, a set of dif fer ent tech niques
needs to be em ployed prior to run ning an as say to gain in -
sights into the state and con di tion of a given pro tein sam -
ple. Flow in duced dis per sion anal y sis (FIDA) is an
im mo bi li za tion-free ligand bind ing meth od ol ogy em ploy -
ing Tay lor dis per sion anal y sis for mea sur ing the hy dro dy -
namic ra dius (size) of biomolecular com plexes. The Fida 1

in stru ment of fers great ad van tage for de ci pher ing a wide
ar ray of qual ity con trol (QC) pa ram e ters. With Fida 1,
these pa ram e ters do not have to be mea sured in a sep a rate
as say in ad vance of your ex per i ments but are in te grated in
ev ery mea sure ment you per form. Com bin ing these QC pa -
ram e ters with Fida 1 as says be ing tol er ant to any type of
buffer com po si tion and con sum ing only nanoliter (nL)
sam ple vol ume, is re sult ing in an as say ro bust ness that can -
not be achieved with any other tech nol ogy. Flow in duced
dis per sion anal y sis can mea sure the ab so lute in-so lu tion
size of your mol e cule in nanometers, quan ti fy ing sam ple
ag gre ga tion and vis cos ity, iden ti fy ing sample stickiness,
defining the heterogeneity of a sample via the poly -
dispersity index, and identifying free versus conjugated
fluorophores in labelled samples.

 

Ó Krystalografická spoleènost

Ma te ri als Struc ture, vol. 30,  no. 1  (2024)       15


