
Friday, March 25, Ses sion VI

L29

CAN MISFOLDED ENZYMES BE BENEFICIAL? YES, THEY CAN
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The func tion al ity of a pro tein cat a lyst (en zyme) de pends
on its unique three-di men sional struc ture, which is a re sult
of the fold ing pro cess when the na scent polypeptide fol -
lows a fun nel-like en ergy land scape to reach a global en -
ergy min i mum. Com puter-en coded al go rithms are
in creas ingly em ployed to sta bi lize na tive pro teins for use in 
re search and bio tech nol ogy ap pli ca tions [1]. 

Here, we re veal a unique ex am ple where the com pu ta -

tional sta bi li za tion of a monomeric a/b -hydrolase fold en -

zyme (Tm = 73.5°C; DTm > 23°C) af fected the pro tein
fold ing en ergy land scape. In tro duc tion of eleven sin -
gle-point sta bi liz ing mu ta tions based on force field cal cu la -
tions and evo lu tion ary anal y sis yielded cat a lyt i cally ac tive
do main-swapped in ter me di ates trapped in lo cal en ergy
min ima. Crys tal lo graphic struc tures re vealed that these sta -
bi liz ing mu ta tions tar get cryp tic hinge re gions and newly
in tro duced sec ond ary in ter faces, mak ing ex ten sive non-co -
va lent in ter ac tions be tween the in ter twined misfolded
protomers [2]. The ex is tence of do main-swapped dimers in 
a so lu tion is con firmed ex per i men tally by data ob tained
from SAXS and crosslinking mass spec trom e try. Un fold -
ing ex per i ments showed that the do main-swapped dimers

could be ir re vers ibly con verted into na tive-like mono mers,
sug gest ing that the do main-swap ping oc curs ex clu sively in 
vivo [2]. Cru cially, the swapped-dimers ex hib ited ad van ta -
geous cat a lytic prop er ties such as an in creased cat a lytic
rate and elim i na tion of sub strate in hi bi tion. These find ings
pro vide ad di tional en zyme en gi neer ing av e nues for
next-gen er a tion pro tein cat a lysts.
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MAP2/Tau is a fam ily of neuronal struc tural microtubule
as so ci ated pro teins (MAPs) known for their abil ity to bind
and sta bi lize microtubules. Microtubule as so ci ated pro tein
2c (MAP2c) is the short est isoform of MAP2 that is ex -
pressed in neu rons of de vel op ing brain and brain re gions
that re tain neuronal plas tic ity in adult hood [1]. Be sides
bind ing to tubulin, MAP2c also in ter acts with pro teins in -
volved in sig nal transduction path ways, such as Grb2 [2],
which is an adap tor pro tein in volved in the Ras/Raf/
MEK/ERK sig nal ing cas cade that is as so ci ated with the

cell pro lif er a tion and apoptosis reg u la tion [3]. Grb2 was
re ported to bind MAP2c through its SH3 do mains [2] but
the in ter ac tion was not char ac ter ized in a res i due-spe cific
man ner. There fore, we in ves ti gated the in ter ac tion of
MAP2c with Grb2 us ing so lu tion NMR. We ac quired
HNCO spec tra to iden tify res i dues of MAP2c in volved in
the in ter ac tion with Grb2. The in ter ac tions of MAP2c with
its bind ing part ners, in clud ing Grb2, are reg u lated both by
serine/threonine and ty ro sine phosphorylation [2, 4].
There fore, we em ployed NMR to in ves ti gate the in flu ence
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of MAP2c phosphorylation by serine/threonine kin ases
PKA and ERK2 and ty ro sine kinase Fyn on this in ter ac -
tion.

The re sults will help to elu ci date the in volve ment of
MAP2c in the sig nal transduction path ways and the reg u la -
tion of its in ter ac tions with rel e vant bind ing part ners by
serine/threonine and ty ro sine kin ases.
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Tick-borne en ceph a li tis vi rus (TBEV) is the most med i -
cally rel e vant tick-trans mit ted flavivirus in Eur asia, tar get -
ing the host cen tral ner vous sys tem and fre quently caus ing
se vere en ceph a li tis [1]. The pri mary func tion of its capsid
pro tein (TBEVC) is to re cruit vi ral RNA and form
nucleocapsid [2].

Here we show the first 3D struc ture of a mem ber of
tick-born flavivirus C pro tein, TBEVC. The struc ture of

monomeric D16-TBEVC was de ter mined us ing high-res o -

lu tion mul ti di men sional NMR spec tros copy. Based on nat -
u ral in vi tro TBEVC homodimerization, the dimeric- in ter -
faces were iden ti fied by hy dro gen deu te rium ex change
mass spec trom e try (Fig. 1). Al though as sem bly of
flaviviruses takes place in endoplasmic re tic u lum-de rived
ves i cles [2], we ob served that TBEVC pro tein also ac cu -
mu lated in nu clei and nu cle oli of in fected cells. Pre dicted
bi par tite nu clear lo cal iza tion se quence (bNLS) in the
TBEVC C-ter mi nal part was con firmed ex per i men tally.
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Fig ure 1: NMR struc ture of D16-TBEVC homodimer rep re sented as car toon. The monomeric pro tein con sists of four a-he li ces

marked as a1-a4. Gen er ated with the PyMOL pro gram (Schrödinger).



The in ter face be tween TBEVC bNLS and im port adapter
pro tein importin-al pha was de scribed us ing X-ray crys tal -
log ra phy. Co-immunoprecipitation cou pled with mass
spec tros copy iden ti fi ca tion re vealed 214 in ter ac tion part -
ners of TBEV C in clud ing vi ral E and NS5 pro teins and a
wide va ri ety of pro teins in volved mainly in rRNA pro cess -
ing and translational ini ti a tion.

De scribed find ings may sub stan tially help to de sign a
tar geted ther apy against TBEV based on the novel func -
tions of its capsid pro tein.
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Tran scrip tion fac tor p53 pro tects cells against
tumorigenesis when sub jected to var i ous cel lu lar stresses
[1]. Un der these con di tions, p53 in ter acts with tran scrip -
tion fac tor Forkhead box O (FOXO) 4, thereby in duc ing
cel lu lar se nes cence by upregulating the tran scrip tion of se -
nes cence-as so ci ated pro tein p21 [2, 3]. How ever, the struc -
tural de tails of this in ter ac tion re main un clear. Here, we
char ac ter ize the in ter ac tion be tween p53 and FOXO4 by
NMR, chem i cal cross-link ing, and an a lyt i cal ul tra cen tri fu -
ga tion. Our re sults re veal that the in ter ac tion be tween p53
TAD and the FOXO4 Forkhead do main is es sen tial for the
over all sta bil ity of the p53:FOXO4 com plex. Fur ther more,
con tacts in volv ing the N-ter mi nal seg ment of FOXO4, the
C-ter mi nal neg a tive reg u la tory do main of p53 and the
DNA-bind ing do mains of both pro teins sta bi lize the com -
plex, whose for ma tion blocks p53 bind ing to DNA but
with out af fect ing the DNA-bind ing prop er ties of FOXO4.
There fore, our struc tural find ings may help to un der stand
the in ter twined func tions of p53 and FOXO4 in cel lu lar ho -
meo sta sis, lon gev ity, and stress re sponse.
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Biomolecules un dergo a va ri ety of mo tions at var i ous
timescales. Mo tions at mi cro sec ond to mil li sec ond
timescales are of ten as so ci ated with tran si tions be tween
ground states and higher en ergy states. Meth ods of struc -
tural bi ol ogy al low de tailed char ac ter iza tion of ground
state struc ture and dy nam ics. How ever, the stud ies of
higher en ergy state con for ma tions are more dif fi cult, be -
cause of their low oc cu pan cies and short life times. Due to
this fact, stud ies of ex cited states are of ten omit ted. But nu -
clear mag netic res o nance pro vides meth ods to in ves ti gate
mo tions as so ci ated with these tran si tions and struc tures of
ex cited states.

In here, we in ves ti gate such conformational ex change,
be tween well-de fined ground state and tran siently formed
ex cited state which has been de tected in do main 1.1 of pri -
mary sigma tran scrip tion fac tor from Ba cil lus subtillis.
Sigma fac tor is es sen tial for ini ti at ing the pro cess of tran -

scrip tion, a fun da men tal cel lu lar pro cess. With the use of
re lax ation dis per sion ex per i ments we ob tained struc tural
in for ma tion about ori en ta tions of bond vec tors and sec ond -
ary struc ture pro pen si ties within the ex cited state. Our re -
sults sug gest that the ex cited state (pop u lated only about
3% in the so lu tion at 25 °C) has sig nif i cantly lower pro pen -
sity to form a sta ble sec ond ary struc ture in the re gions of
he lix I and he lix III com pared to the ground state.

This work was sup ported by Czech Sci ence Foun da tion
grant No. GJ18-04197Y, from Eu ro pean Re gional De vel -
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Cen tre of In struct-ERIC EU con sor tium, funded by MEYS
CR in fra struc ture pro ject LM2018127, is grate fully ac -
knowl edged for the fi nan cial sup port of the mea sure ments
at the Josef Dadok National NMR Centre.
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Dur ing eukaryotic tran scrip tion elon ga tion, RNA poly mer -
ase II (RNAP2) is reg u lated by a cho rus of fac tors. Here,
we iden ti fied a com mon bi nary in ter ac tion mod ule con sist -
ing of TFIIS N-ter mi nal do mains (TNDs) and na tively un -
struc tured TND-in ter act ing mo tifs (TIMs). This mod ule
was con served among the elon ga tion ma chin ery and linked 

com plexes in clud ing tran scrip tion fac tor TFIIS, Me di a tor,
super elon ga tion com plex, elongin, IWS1, SPT6,
PP1-PNUTS phosphatase, H3K36me3 read ers, and other
fac tors. Us ing nu clear mag netic res o nance, live-cell mi -
cros copy, and mass spec trom e try, we re vealed the struc -
tural ba sis for these in ter ac tions and found that TND-TIM
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