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In ter ac tions among pro teins are es sen tial for any liv ing en -
tity. They are be ing stud ied for de cades through var i ous ap -
proaches. Over the years, many dif fer ent tech niques and
in stru ments were em ployed in or der to de scribe in di vid ual
bind ing pa ram e ters, e.g. stoichiometry, equi lib rium bind -
ing con stants, ki netic con stants, or enthalpy and en tropy of
bind ing. In or der to use these tech niques ef fi ciently, it is
cru cial to un der stand their prin ci ples as well as be able to
com pare their out comes, ad van tages and lim i ta tions. For
this, the ba sic uni ver sity lec tures are fre quently in suf fi cient 
since they might lack a more prac ti cal ap proach. Here, var i -
ous forms of more tar geted ed u ca tion (work shops, spe cial -
ized courses, etc.) based on hands-on ex er cises play their
ir re place able role.

In or der to high light dif fer ences and sim i lar i ties of the
tech niques, it is highly de sir able to use the same in ter act ing 
sys tem for all ex per i ments. While there are var i ous sys tems 
sug gested for in di vid ual types of anal y sis (e.g. Ca2+-EDTA 
for iso ther mal ti tra tion cal o rim e try [1] or lysozyme-NAG3
for MST [2]), a more uni ver sal in ter act ing cou ple is more
rare to be found. In this talk, we would like to dem on strate

an ap pli ca tion of bo vine pan creas a-chymotrypsin and
soy bean trypsin in hib i tor in a spe cial ized uni ver sity course. 
Both pro teins are easy to ob tain from nat u ral sources and
there fore com mer cially avail able. They in ter act with Kd ~ 1 

mM, be ing suit able sys tem for anal y sis through var i ous
tech niques in clud ing iso ther mal ti tra tion cal o rim e try,

microscale thermophoresis, an a lyt i cal ul tra cen tri fu ga tion
[3] or sur face-based tech niques. The sys tem can be there -
fore used for mul ti ple meth ods in par al lel, mak ing it a use -
ful tool for their com par i son, high light ing the ad van tages
and dis ad van tages of each ap proach. It might be also used
for other pur poses, such as rou tine in stru ment check or
cross-in stru ment or lab o ra tory benchmarking.
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IDRs, or In trin si cally Dis or dered Re gions, are seg ments of
pro teins that lack a well-de fined three-di men sional struc -

ture un der phys i o log i cal con di tions. Sigma-A (sA) pro tein
is a bac te rial tran scrip tion fac tor that plays a vi tal role in the 
ini ti a tion of tran scrip tion by as so ci a tion with RNA poly -

mer ase (RNAP) driv ing tran scrip tion ini ti a tion. sA re -
sponds to en vi ron men tal sig nals to reg u late the ex pres sion
of genes cru cial for bac te rial growth, sur vival, and ad ap ta -
tion. Through an un bi ased search for in ter act ing part ners of 

M. smegmatis sA, a num ber of pro teins were dis cov ered,
with MoaB2 be ing the most prom i nent. Mo lyb de num co -
fac tor biosynthesis pro tein B (MoaB2) is a mem ber of a
uni ver sally con served pro tein fam ily in volved in cat a lyz -
ing com plex ox y gen trans fer re ac tions in the Mo lyb de num
in cor po ra tion path way, a trace el e ment es sen tial in bac te -

ria. Re cent stud ies have shown MoaB2 is cat a lyt i cally in -
ac tive struc tural homolog in prokaryotes. In this study, we
ex plored sev eral func tional ex per i ments which dem on -

strated that MoaB2 in hib its sA-de pend ent tran scrip tion and 

in creases the bi o log i cal sta bil ity of sA. Sev eral ap proaches

were used to val i date and char ac ter ize the sA-MoaB2 in ter -
ac tion which dem on strated that the bind ing was spe cific
and in de pend ent of RNAP, as other sigma fac tors did not
show bind ing to MoaB2. The struc tural anal y sis of MoaB2
re vealed that the In trin si cally dis or dered N-ter mi nal do -

main of sA plays a role in the sAA-MoaB2 in ter ac tion. In
sum mary, this study un cov ers MoaB2 as a novel bind ing

part ner of mycobacterial sA, which sug gests it may have
adopted an al ter nate func tion in prokaryotes.
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The Or ange Carotenoid Pro tein (OCP) is a unique type of
pro tein nat u rally pres ent in cyanobacteria, serv ing a
photoprotection func tion. Nor mally, at daily sun light lev -
els, the pro tein re mains in its in ac tive, so-called or ange
form. How ever, un der ex ten sive pho ton flux, the pro tein
ac ti vates into its “red” form, en abling it to non-pho to chem -
i cally quench ex ces sive en ergy flow ing from the phyco -

bilisome to the re ac tion cen ter. The photoactivation pro -
cess ex hib its a very low quan tum yield (1%), with
ac ti va tion finely tuned for ad ap ta tion to fluc tu at ing light
lev els. This en sures the pro tein re mains in ac tive un der
ideal light con di tions while ef fec tively man ag ing ex ces sive 
en ergy in light-har vest ing com plexes [1–3].
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An other as pect that dis tin guishes the OCP is the in clu -
sion of ca rot en oids, such as echinenone, hydroxye chine -
none, and canthaxanthin, within its core, where they play a
cru cial role in light ab sorp tion and sub se quent pro tein ac ti -
va tion. The ca rot en oids’ strong absorbance of blue-green
light is ex ploited as a “sen sor” for light con di tions. The ab -
sorbed en ergy can be con verted into a form of me chan i cal
mo tion as needed, ac ti vat ing the pro tein.

There is an on go ing de bate re gard ing the se quence of
events fol low ing light ab sorp tion that leads to the for ma -
tion of the red form of OCP, with a con sen sus that the ex -
cited state man i fold of the carotenoid plays a vi tal,
ini ti at ing role [4–7]. This study aims to elu ci date the dif fer -
ences in en ergy flux be tween spe cific ex cited states of the
carotenoid echinenone in var i ous sol vents (meth a nol,
acetonitrile, cyc lo hex ane) and when in cor po rated into the
OCP pro tein.

The in ves ti ga tion uti lized Femto second Stim u lated
Raman Spec tros copy (FSRS) in both upshifted and down -
shifted re gions, along with Tran sient Ab sorp tion Spec tros -
copy. This ap proach of fered a higher level of cor re la tion
be tween vi bra tional and ab sorp tion spec tros copy, en hanc -
ing the un der stand ing of the ex cited state dy nam ics.

Our find ings re veal unique vi bra tional char ac ter is tics
of echinenone as so ci ated with OCP’s photoactivation
stages (S2 state). We also iden ti fied a no ta ble ab sence of
vi bra tional sig na ture for echinenone’s re laxed S1 state
within OCP and ob served stron ger sig nals from a highly
ex cited ground state (GS) in OCP. Ad di tion ally, the pres -
ence of a short-lived intramolecular charge trans fer state
(ICT) was de tected. 

These ob ser va tions are at trib uted to the al tered con for -
ma tion of carotenoid once em bed ded in the pro tein en vi -
ron ment.

The study also puts for ward a hy poth e sis re gard ing the
photoactivation mech a nism of the Or ange Carotenoid Pro -
tein (OCP), high light ing the sig nif i cant role of an ex traor -
di narily high level of ex ci ta tion in lon gi tu di nal stretch ing
modes as the pri mary driv ing force. This sug gests that the
spe cific vi bra tional en ergy states of ca rot en oids, in flu -
enced by their in ter ac tion with the pro tein en vi ron ment, are 

cru cial for ini ti at ing the photoactivation pro cess that leads
to the pro tec tive red form of OCP. 
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Bestrhodopsins con sti tute a class of light-reg u lated penta -
meric ion chan nels that con sist of one or two rhodopsins in
tan dem fused with bestrophin ion chan nel do mains. Here,
we re port on the isomerization dy nam ics in the rho dop sin
tan dem do mains of Phaeocystis antarctica bestrhodopsin,
which binds all-trans ret i nal via a Schiff-base (RSB) ab -
sorb ing at 661 nm and, upon il lu mi na tion, con verts to the
metastable P540 state with an un usual 11-cis RSB iso mer.
The pri mary photoproduct P682 cor re sponds to a mix ture
of highly dis torted 11-cis and 13-cis RSB iso mers di rectly
formed from the ex cited state in 1.4 ps. P673 evolves from
P682 in 500 ps and con tains ex clu sively highly dis torted
13-cis ret i nal, in di cat ing that the 11-cis frac tion in P682
has con verted to 13-cis RSB. Next, P673 es tab lishes an

equi lib rium with P595 in 1.2 ms, dur ing which RSB con -
verts to 11-cis in the lat ter spe cies and then fur ther pro -

ceeds to P560 in 48 ms and P540 in 0.8 ms while re main ing
11-cis. Hence, ex ten sive iso meric switch ing oc curs on the
early ground state po ten tial en ergy sur face (PES) on the

hun dreds of ps to ms timescale be fore fi nally set tling on a
metastable 11-cis photoproduct. We pro pose that the early
photoproducts P682 and P673 are trapped high up on the
ground-state PES af ter pass ing through ei ther of two
closely lo cated con i cal in ter sec tions that re sult in 11-cis
and 13-cis RSB. Co-ro ta tion of C11=C12 and C13=C14
bonds re sults in a con stricted conformational land scape
that al lows ther mal switch ing be tween 11-cis and 13-cis
spe cies of highly strained RSB chromo phores. Pro tein re -
lax ation may re lease RSB strain, al low ing it to evolve to a
sta ble 11-cis iso meric con fig u ra tion within mi cro sec onds.
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Fig ure 1. Bestrhodopsin chan nel struc ture and po ten tial en ergy sur face of ret i nal isomerization
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 Fil a men tous hemagglutinin (FHA), a ma jor vir u lence fac -
tor of clas si cal Bordetellae, is a rod-shaped mol e cule that
plays an im por tant role in the ad her ence of bac te ria to cil i -
ated ep i the lial cells of the up per re spi ra tory tract and sup -
presses the host in nate and adap tive im mune
re sponse. FHA is trans lated as a 360-kDa FhaB pre cur sor
that is ex ported across the outer bac te rial mem brane by a
two-part ner se cre tion mech a nism in volv ing the outer
mem brane pro tein FhaC and shed into ex ter nal en vi ron -
ment as an N-ter mi nal ‘ma ture’ 220-kDa FHA pro tein af ter 
pro cess ing by sur face-ex posed SphB1 pro te ase. The re -
main ing C-ter mi nal 130-kDa FhaB prodomain is thought
to reg u late mat u ra tion pro cess and rap idly de graded in the
periplasm. We show here that both the ex treme C ter mi nus
(ECT) of the FhaB prodomain and the ma ture FHA play the 
piv otal roles in the vir u lence of B. per tus sis. The NMR-
 based struc tural anal y sis of ECT, a highly-con served the

C-ter mi nal 100 res i dues of the FhaB pre cur sor, re vealed
that the ECT polypeptide adopts a rigid struc ture with a
‘pilin-like’ pro tein fold. De le tion of the se quence en cod ing 

ECT (DECT) re sulted in a sig nif i cant de crease in bac te rial
col o ni za tion within the na sal cav ity of in fected mice, com -
pa ra ble to B. per tus sis strain lack ing the FhaB pre cur sor

(DFhaB). In trigu ingly, the DECT strain ex hib ited a com -
plete loss of its abil ity to bind cilia on hu man na sal ep i the -
lial cells grown at the air-liq uid in ter face, em pha siz ing the
in dis pens able role of ECT in the ad her ence of Bordetella
cells to cil i ated ep i the lial cells. Fur ther more, we dem on -
strate the ma ture FHA con fers re sis tance of B. per tus sis to
com ple ment-me di ated kill ing, high light ing its in volve -
ment in pro tec tion of bac te rial cells against the host’s in -
nate im mune re sponse. Col lec tively, these re sults pro vide
novel in sights into FHA bi ol ogy, un rav el ing its mul ti fac -
eted role in the vir u lence of patho genic Bordetellae.

L18

STRUCTURAL BIOLOGY OF ACUTE MYELOID LEUKEMIA (AML) PROTEIN AND
SMALL MOLECULE INHIBITOR COMPLEX

Mohanraj Gopalswamy, Manuel Etzkorn, Holger Gohlke

Nanotemper

Acute myeloid leu ke mia (AML) is a ma lig nant dis ease of
im ma ture myeloid cells and the most prev a lent acute leu ke -
mia among adults. The oncogenic homo-tetrameric fu sion
pro tein RUNX1/ETO re sults from the chro mo somal
translocation t(8;21) and is found in AML pa tients. The
nervy homology re gion 2 (NHR2) do main of ETO me di -
ates tetramerization; this oligomerization is es sen tial for
oncogenic ac tiv ity. Pre vi ously, we iden ti fied the first-in-
 class small-mol e cule in hib i tor of NHR2 tetramer for ma -
tion, 7.44, which was shown to spe cif i cally in ter fere with
NHR2, re store gene ex pres sion down-reg u lated by
RUNX1/ETO, in hibit the pro lif er a tion of RUNX1/
ETO-de pend ing SKNO-1 cells, and re duce the RUNX1/
ETO-re lated tu mor growth in a mouse model. How ever, no 
bio phys i cal and struc tural char ac ter iza tion of 7.44 bind ing
to the NHR2 do main has been re ported. Like wise, the com -
pound has not been char ac ter ized as to physicochemical,

pharmacokinetic, and tox i co log i cal prop er ties. Here, we
char ac ter ize the in ter ac tion be tween the NHR2 do main of
RUNX1/ETO and 7.44 by bio phys i cal as says and show
that 7.44 in ter feres with NHR2 tetramer sta bil ity and leads
to an in crease in the dimer pop u la tion of NHR2. The af fin -

ity of 7.44 with re spect to bind ing to NHR2 is Klig = 3.75 ±

1.22 mM. By NMR spec tros copy com bined with mo lec u lar
dy nam ics sim u la tions, we show that 7.44 binds with both
heteroaromatic moi eties to NHR2 and in ter acts with or
leads to conformational changes in the N-ter mini of the
NHR2 tetramer. Fi nally, we dem on strate that 7.44 has fa -
vor able physicochemical, pharmacokinetic, and tox i co log -
i cal prop er ties. To gether with bio chem i cal, cel lu lar, and in
vivo as sess ments, the re sults re veal 7.44 as a lead for fur -
ther op ti mi za tion to wards tar geted ther apy of t(8;21) AML.
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