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An op por tu nis tic bac te rial patho gen Stenotrophomonas
maltophilia causes a se ri ous num ber of in fec tions world -
wide. This spe cies pos sesses sig nif i cant an ti bi otic re sis -
tance that has been fur ther broad ened ow ing to the abil ity
to ac quire an ti bi otic-re sis tance genes and mu ta tions [1].
Based on a bioinformatic anal y sis of its se quenced
genomes, we se lected for our re search a not yet ex per i men -
tally char ac ter ised pro tein, se quen tially re lated to an ti bi -
otic-in ac ti vat ing en zymes.

The tar get pro tein was ex pressed in Esch e richia coli
strain Lemo21 (DE3) and sub se quently pu ri fied us ing af -
fin ity and size-ex clu sion chro ma tog ra phy. Re sults from
the spec tro pho to met ric as say in the UV-VIS range in di -
cated that the pro tein catalysed the en zy matic mod i fi ca tion
of an ti bi ot ics.

More over, the en zyme was crys tal lized and a dataset of
dif frac tion im ages was col lected at a syn chro tron ra di a tion
source. The dif frac tion was strongly anisotropic: the pro -
posed high-res o lu tion cut off, re ported in Aim less [2] us ing
the cri te rion of CC1/2 > 0.30, was in a range from 2.43 C to
1.92 C, de pend ing on the di rec tion in the re cip ro cal space.
Hence, the anisotropic cor rec tion was car ried out with
STARANISO [3]. The phase prob lem was solved us ing mo -
lec u lar re place ment in MoRDa [4], fol lowed by re fine ment
of the struc ture model in REFMAC5 [5]. Paired re fine ment
on the anisotropic data was per formed with PAIREF [6] to
de ter mine the dif frac tion limit of 1.95 C.

The asym met ric unit con tains two homodimers. Each
dimer is as so ci ated through two disulfide bridges. None -
the less, the fur ther anal y sis of oligomerization, con ducted
with mass struc tural spec trom e try and small-an gle X-ray
scat ter ing, re vealed that the en zyme is in a monomeric state 
in so lu tion. The over all mo lec u lar struc ture is anal o gous to
the fam ily of tet ra cy cline destructases [7] or the reductase
from the biosynthesis path way of abyssomicines [8]. How -
ever, the ar range ment of the pu ta tive sub strate-bind ing
pocket dif fers sig nif i cantly. The crys tal struc ture pro vides
the ba sis for a fur ther in silico, in vi tro or in crystallo in ves -
ti ga tion of the com plexes with antibiotic substrates or
potential inhibitors.
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Fig ure 1. Crys tal struc ture of a mono mer of the an ti bi otic-in ac ti vat -
ing en zyme from Stenotrophomonas maltophilia. The FAD-bind -
ing do main is col oured in red, the sub strate-bind ing do main in
green, and the C-ter mi nal he lix in blue. Flavin ad e nine dinucleotide
(FAD) is dis played in stick rep re sen ta tion (carbon atoms in yellow).
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Alz hei mer’s dis ease (AD) is one of the ma jor med i cal chal -
lenges of our cen tury, af fect ing 55 mil lion pa tients world -
wide [1]. This pro gres sive, as yet in cur able, neuro -
de ge n er a tive dis or der, pri mar ily af fects peo ple over the
age of 60 years. In the brain of an AD pa tient, the for ma tion 

and break down of am y loid beta pro tein (Ab) are out of bal -

ance, lead ing to in creased ag gre ga tion of Ab to the point
where nor mal cog ni tive func tions are ob structed. This usu -
ally man i fests with changes in mem ory, be hav iour and ul ti -
mately in ter feres the con trol over the body func tions [2]. 

Pas sive immunotherapy, that is di rected against Am y -
loid beta, has so far proven to be the most prom is ing ther -
apy op tion. Ac cel er ated ap proval of Aduhelm (Aduca -

numab), a monoclonal an ti body tar get ing Ab [3], was re -
cently granted by the U.S. FDA [4]. Show ing un de sir able
side ef fects and mi nor ef fec tive ness, the use of this drug is
con tro ver sial [5]. One rea son is pre sum ably the phys i o log i -

cal func tion of Ab. There fore, the search con tin ues for al -
ter na tive ap proaches that ad dress only the patho log i cal

ag gre gated Ab. Here, post-translationally mod i fied Aâ
forms are of great in ter est, since they are of ten spe cific

found in de pos ited Ab. 
The 3-nitrotyrosine mod i fi ca tion at po si tion 10

(3NY10) of Ab is sus pected to be in volved in the patho -

genic course of AD [6]. Two highly spe cific 3NY10-Ab an -
ti bod ies are now gen er ated, which can be used as tool for
fur ther in ves ti ga tion and be yond shall be de vel oped into a

drug to fight Ab depos its in AD pa tient’s brain, while leav -

ing the phys i o log i cal Ab un af fected. In con text of these
work, the an ti bod ies will be char ac ter ised by a va ri ety of
bio chem i cal and ki netic anal y ses (ITC, ELISA, TEM, Ag -
gre ga tion stud ies). For a better un der stand ing and eval u a -
tion of the in ter ac tion be tween the an ti body and its tar get,
the macromolecular struc ture shall fur ther more be de ter -
mined by X-ray crys tal log ra phy. 

So far, one of two an ti bod ies was co-crystalised us ing

the re spond ing Fab-frag ment and the 3NY10-Ab tar get-pep -
tide. Af ter ini tially no crys tals could be ob tained by the sit -
ting drop va por dif fu sion method us ing com mer cial
avail able ran dom ma trix screens at 96-well for mat, pre cip i -

tate from one of the for mer screen ings was used as a
microseed. Sud denly, about 20 % of the tested com mer cial
avail able crystallisation con di tions were suit able for crys -
tal growth. Hence ob tained stretched hex ag o nal crys tals
have been tested for their dif frac tion pat tern and the con di -
tion with the best crys tal was se lected for fur ther op ti mi sa -
tion. Due to change to hang ing drop va por dif fu sion in a
15-well for mat and vari a tion of the seed ing con cen tra tion,
crys tal size and thick ness could be con trolled. This slightly
im proved a prob lem of the crys tal: dif fer ent planes of the
crys tal are slightly stag gered in their ori en ta tion, mak ing it
dif fi cult to col lect only one set of dif frac tion data at a time.
Cur rently the dif frac tion data ob tained are used in build ing
and re fine ment of the struc ture. 
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Pu rine nu cleic acid me tab o lism is an es sen tial pro cess
which oc curs in al most all the cells. Syn the sis can oc cur in
two ways: from pre cur sors in time and en ergy-con sum ing
de novo path way or through much pre ferred sal vage path -
way which re cy cles in ter me di ates of pu rine deg ra da tion
path way [1]. 

Pu rine nucleoside phosphorylase (PNP) is an en zyme
that hydrolyzes ribose from inosine and guanosine in pres -
ence of in or ganic phos phate pro duc ing hypoxanthine and
gua nine which are fur ther de graded to xanthine which can
be re cy cled via sal vage path way.  Ac tiv ity of hu man PNP
(hPNP) is in creased in var i ous pa thol o gies, such as dif fer -
ent types of can cer and au to im mune dis eases and this
makes PNP a tar get in drug dis cov ery. Ad di tion ally, sal -
vage path way is es sen tial for par a sites, such as My co bac te -
rium tu ber cu lo sis (tu ber cu lo sis caus ing patho gen), where
PNP (MtPNP) ac tiv ity is im por tant for tran si tion from la -
tent to ac tive in fec tion [2]. 

Both hPNP and MtPNP form homotrimers from mono -
mers with mo lec u lar weight of 32 kDa and 28 kDa re spec -
tively. These en zymes share low se quence homology
(35%), but over all fold and ac tive site are con served.  Each
sub unit forms an ac tive site in prox im ity of sub unit-sub unit 
in ter ac tion re gion, where all but one res i due be long to the

par ent sub unit. Ac tive site can be di vided into three re gions 
based on the sub strate moi eties and in or ganic phos phate
bind ing po si tions.  

Cur rently, there are sev eral in hib i tors that en tered clin i -
cal tri als in the last de cade. Over all, they are com posed
from pu rine-moi ety linked con nected to a sugar-re -
gion-bind ing moi ety. All of these in hib i tors are char ac ter -
ized by low se lec tiv ity and spec i fic ity which leads to
se ri ous side-ef fects [2]. 

In this pro ject we uti lize X-ray crys tal log ra phy to gain
struc tural in for ma tion for de sign of PNP in hib i tors with
high spec i fic ity and se lec tiv ity. Our com pounds con tain
three moi eties that oc cupy all three re gions of the ac tive site 
and their af fin ity and se lec tiv ity to hPNP and MtPNP is op -
ti mized through struc ture-as sisted in hib i tor de sign ap -
proach.   

Both en zymes were pre pared by heterologous ex pres -
sion in E. coli in high yields and pu rity re quired for crys tal -
lo graphic stud ies. Crys tal li za tion con di tions were
iden ti fied through wide screen ing and op ti mi za tion and
dif frac tion data were col lected at syn chro tron BESSY II,
Helmholtz-Zentrum, Berlin. We solved and re fined eight
crys tal struc tures to res o lu tions 1.6-2.6 C, five struc tures of 
hPNP and three struc tures of MtbPNP. 

Fig ure 1: A. Over lay of three hPNP ac tive sites with dif fer ent in hib i tors bound; B. Over lay of hPNP (ma genta) and MtbPNP (cyan)
with JS-375 bound to the ac tive site.
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Struc ture anal y sis showed that all the in hib i tors bind to
the ac tive sites in the ex pected way: mim ick ing bind ing of
sub strate. Over all, mod i fi ca tions at dif fer ent po si tions of
cen tral sugar-mim ick ing moi ety in crease in hib i tor af fin ity
to wards MtbPNP while de creas ing the af fin ity to wards
hPNP. These changes can be ex plained by dif fer ences in
flex i bil ity of the ac tive sites that al lows MtbPNP to ac com -
mo date these mod i fi ca tions.

This struc tural in for ma tion is cru cial for in un der stand -
ing struc ture-ac tiv ity re la tion ship and can fur ther be used
to mod ify this class of com pounds.
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The cy clic GMP-AMP synthase - Stimulator of In ter feron
Genes (cGAS-STING) im mune path way is piv otal in de -
tect ing patho gen-as so ci ated (PAMPs) and dam age-as so ci -
ated mo lec u lar pat terns (DAMPs) [1].  Cy clic dinucleo -
tides (CDNs) serve as sec ond mes sen gers trans duc ing sig -
nals be tween cGAS and STING, if dsDNA is de tected in
the cytosol by cGAS [2]. Ac ti va tion of STING by CDNS
leads to down stream sig nal transduction re sult ing in in duc -

tion of ex pres sion of proinflammatory cytokines (TNF-a,

IL-1b) and the type I interferons (IFN-a, IFN-b) [3].  The
cGAS-STING path way thus has a cru cial role in de fence
against patho gen in fec tion, im mune sur veil lance of tu mour 
cells, and main tain ing the nor mal im mune func tions of the
body [4].

In this work, we de scribe the en zy matic and/or chem i -
cal syn the sis of CDNs with 7-deazapurine mod i fi ca tions,
with which we were able to in tro duce bulky sub sti tu tions
while pre serv ing the ac tiv ity of mod i fied CDNs when com -
pared to un mod i fied. For the prep a ra tion of mod i fied
CDNs, we uti lized mouse cy clic GMP-AMP synthase
(cGAS) and bac te rial dinucleotide synthases from Vibrio
cholerae (DncV) and Ba cil lus thuringiensis (DisA). More -
over, the Suzuki-Myiaura cross-cou pling re ac tion of 7-io -
din ated 7-deazapurine CDNs with aryl and heteroaryl
boronic ac ids was used to in tro duce sub stitu ents too bulky
for en zy matic syn the sis. In to tal, we have pre pared 24 new
CDNs, which were char ac ter ised by bio chem i cal,
cell-based as says and for ef fect on hu man pe riph eral blood
mononuclear cells (PBMCs). To ex plain the ef fect of these

ar o matic sub stitu ents we have solved four X-ray struc tures
of com plexes of 7-aryl sub sti tuted 7-deazapurine con tain -
ing CDNs with hu man STING. These struc tures ex plain
the re shap ing of STING’s bind ing site en abling the for ma -
tion of a com plex of STING with CDNs car ry ing such
bulky sub sti tu tions. More over, po ten tially en ables fur ther
mod i fi ca tions with even larger sub sti tu tions es cap ing the
bind ing site, while still pre serv ing fur ther sig nal
transduction of sig nal, which has n’t been pos si ble un til
now.
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Cy clic AMP is an im por tant sec ond mes sen ger that plays a
key role in nu mer ous sig nal transduction path ways. In
mam mals, cAMP is pro duced from ATP by ei ther G-pro -
tein reg u lated transmembrane adenylyl cyclases or bi car -
bon ate-reg u lated sol u ble adenylyl cyclase. The sol u ble
isoform is for ex am ple as so ci ated with skin and pros tate
can cer, sperm ca pac i ta tion and mo til ity, of fer ing a tar get
for phar ma ceu ti cal drug and male con tra cep tive de vel op -
ment [1]. In con trast to the cat a lytic do main, lit tle is known
about the C-ter mi nal re gion of sAC. Based on a pre dic tion
of the do main com po si tion, mam ma lian sol u ble adenylyl
cyclase be longs to the “sig nal transduction ATPases with
nu mer ous do mains (STAND) fam ily. A sAC ortholog was
dis cov ered in My co bac te rium tu ber cu lo sis, com pris ing
the con sec u tive genes Rv0891c and Rv0890c, serv ing as
model for fur ther anal y sis. For fu ture char ac ter iza tion of
the pre dicted NTPase do main and its part ner do mains, first
ex per i ments were per formed us ing the C-ter mi nal re gion
of the orthologous en zyme. Ini tial en zyme ac tiv ity as says
us ing an UPLC sys tem con firmed its ATPase ac tiv ity and
will al low its fur ther char ac ter iza tion.

Re cent phar ma co logic eval u a tion of sAC in hib i tors for
us age as on-de mand, non-hor monal male con tra cep tives
sug gested that both, high in trin sic po tency and long res i -
dence times are es sen tial de sign el e ments for suc cess ful
con tra cep tive ap pli ca tions. We fo cused on pu ri fi ca tion,
crys tal li za tion and struc ture de ter mi na tion of novel sAC
in hib i tor com plexes by pro tein X-ray crys tal log ra phy and
ob tained mul ti ple datasets yield ing ex cel lent den sity for
the in hib i tors and in di cat ing mo lec u lar fea tures that might
cause their dif fer ences in po tency and other drug prop er ties 
[2].

1. Steegborn, C. Struc ture, mech a nism, and reg u la tion of sol -
u ble adenylyl cyclases - sim i lar i ties and dif fer ences to
transmembrane adenylyl cyclases. Biochim. Biophys. Acta
- Mol. Ba sis Dis. 1842, 2535–2547 (2014).

2. Fushimi, M. et al. Dis cov ery of TDI-10229: A Po tent and
Orally Bioavailable In hib i tor of Sol u ble Adenylyl Cyclase. 
ACS Med. Chem. Lett. 12, 1283–1287 (2021).
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Fig ure 1: Crys tal struc ture of hsAC in com plex with TDI-010229 (left) and TDI-011861 (right). 2Fo-Fc map con toured at 1s.
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J. Srp, P. Pachl, A. Smith, M. Mikulu, Z. Smotkova, M. Horn, M. Mares

In sti tute of Or ganic Chem is try and Bio chem is try of the Czech Acad emy of Sci ences, Flemingovo namesti
542/2, 160 00 Praha 6, Czech Re pub lic
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As par tic pro teas es and proteolytic sys tems con trolled by
these en zymes play a crit i cal role in sev eral hu man pa thol o -
gies such as can cer, neurodegenerative and im mune dis -
eases. Cathepsin-like pro teas es are also es sen tial for
vi a bil ity or vir u lence of im por tant hu man patho gens, par a -
sites, and pests. There fore, strong ef forts have gone into the 
de sign and test ing of com pounds that could be come new
drugs [1]. Un like the serine pro te ase fam ily, nat u rally oc -
cur ring in hib i tors of as par tic pro teas es are rel a tively rare,
and only three of them have been struc tur ally char ac ter ized 
so far in com plex with a tar get pro te ase [2-4].

Here we pres ent new crys tal struc tures of cathepsin D
in com plex with three proteinaceous in hib i tors: po tato in -
hib i tors pAPI-1 and pAPI-2 from the plant Kunitz fam ily,
and equistatin do main 2 (Eqd2) from sea anem one be long -
ing to the thyropin (thy ro glob u lin type-1-like) fam ily. The
in hib i tors show dis tinct de signs of struc tural bind ing mo -
tifs that are based on disulfide-sta bi lized loops form ing a
net work of in ter ac tions in the ex tended non-primed part of
the en zyme ac tive site. Our re sults serve as a ba sis for the

de vel op ment of biomimetic in hib i tors of me dic i nally rel e -
vant as par tic pro teas es.

1. B. M. Dunn, in En cy clo pe dia of Bi o log i cal Chem is try (Sec -
ond Edi tion), ed ited by W. J. Lennarz & D. Lane (Ac a -
demic Press), 2013, pp. 137-140.

2. E. T. Baldwin, T. N. Bhat, S. Gulnik, M. V. Hosur, R. C.
Sowder, R. E. Cachau, J. Col lins, A. M. Silva, J. W.
Erickson, PNAS, 90, (1993), 6796.

3. M. Li, L. H. Phylip, W. E. Lees, J. R. Winther, B. M.
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The tran scrip tion sys tems in the phy lum spi ro chaetes are
poorly char ac ter ized at the mo lec u lar level yet are of sig nif -
i cant evo lu tion ary and med i cal im por tance. Patho genic
spi ro chaetes eas ily move through the mam ma lian tis sues,
pen e trate blood ves sels, cross the blood-brain bar rier and
cause se ri ous dis eases, such as lyme dis ease, re laps ing fe -
ver and syph i lis. At the same time, many spi ro chaetes are
non-patho genic free-liv ing spe cies. No ta bly, spirochetal
RNA polymerases (RNAPs) are nat u rally re sis tant to
rifampicin, the best-known tran scrip tion in hib i tor in clin i -
cal use. Spi ro chaetes evolved in de pend ently from other
bac te rial phyla and are not re lated to the well-es tab lished
model or gan isms Esch e richia coli and Ba cil lus subtilis,
sug gest ing that the reg u la tion of tran scrip tion in clude dis -
tinct and novel strat e gies.

Tran scrip tion is the first event in the highly reg u lated
pro cess of gene ex pres sion and is di vided into three phases, 
ini ti a tion, elon ga tion and ter mi na tion that de ter mines the
start and the end of the tran scrip tion unit. To ini ti ate tran -
scrip tion, RNAP to gether with sigma fac tor (holoenzyme)
rec og nizes pro moter mo tifs on the DNA tem plate and start
RNA syn the sis. Many reg u la tory fac tors as so ci ate with
RNAP dur ing the ini ti a tion step and mod u late its ac tiv ity,
among them DksA, CarD and GreA/B. Se quence align -
ments iden ti fied ad di tional or dis tinct do mains of some of
these tran scrip tion fac tors in spi ro chaetes com pared to
most other bac te ria phyla sug gest ing they might act
through a dif fer ent mo lec u lar mech a nism. Here we pres ent
the cryo genic elec tron mi cros copy (cryoEM) struc tures of
Spirochaeta africana (Sfc) RNAP in com plex with sigma



fac tor 70 (s70) and pro moter DNA at 3.0–3.4 C res o lu tion.

SfcRNAP to gether with the house keep ing Sfcs70 fac tor
bind to the pro moter DNA in an open com plex in which the 
du plex DNA is un wounded and the tran scrip tion bub ble is
formed. The struc ture re veals im por tant in sights into the
over all ar chi tec ture of SfcRNAP and the ini ti a tion com plex 
and forms the ba sis for fur ther func tional and struc tural
anal y ses of spirochaete-spe cific tran scrip tion fac tors and
their reg u la tion.
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Fig ure 1. Sfcs70 ini ti a tion com plex. A. Pro moter DNA scaf fold (-46 to +20) used for cryoEM. The -35 and -10 mo tifs are in di cated.

+1 re fers to the transcriptional start site. B. Over all ar chi tec ture of the SfcRNAP-s70 open pro moter com plex. Sub units are in di cated.
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RIGAKU ADVANCES IN X-RAY AND ELECTRON CRYSTALLOGRAPHY
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fe lix.hennersdorf@rigaku.com

The lat est range of Rigaku Ox ford Dif frac tion in stru ment
con fig u ra tions for struc tural bi ol ogy will be sum ma rised
and il lus trated with a num ber of spe cific ex am ple ap pli ca -
tions. 

The XtaLAB Syn ergy plat form with sealed tube or ro -
tat ing an ode microfocus sources on one side of the four-cir -
cle goniometer and a se ries of Hy brid Pho ton Count ing
(HPC) X-ray area de tec tors on the other, al lows for ver sa -
tile con fig u ra tions per fectly adapted to the re searcher’s
needs. These sys tems can be sup plied with the sam ple
chang ing ro bot (XtaLAB Syn ergy FLOW), or fur ther
equipped with an In tel li gent Goniometer Head (IGH) for
au to mated crys tal cen ter ing or the plate scan ning de vice
XtalCheck-S.

Furthermore, our X-ray diffraction instruments are
complemented by the new XtaLAB Synergy-ED – a fully
integrated electron diffractometer, creating a seamless
workflow from data collection to structure determination
of three-dimensional molecular structures. The XtaLAB
Synergy-ED is the result of an innovative collaboration to
synergistically combine our core technologies: Rigaku’s
high-speed, high-sensitivity photon-counting detector
(HyPix-ED) and state-of-the-art instrument control and
single crystal analysis software platform (CrysAlisPro for
ED), and JEOL’s long-term expertise and market
leadership in designing and producing transmission
electron microscopes.
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RESOLUTION STRUCTURES 
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Elec tron cryo-mi cros copy (cryo-EM) sin gle par ti cle anal y -
sis (SPA) method has be come one of the dom i nat ing meth -
ods for high res o lu tion struc ture de ter mi na tion of a wide
va ri ety of bi o log i cal macromolecules. Such high res o lu tion 
struc tures fa cil i tate un der stand ing of their func tions, mech -
a nism of ac tion and pro tein ligand/drug in ter ac tions. With
an in crease in the pop u lar ity of cryo-EM, the need for ac -
ces si bil ity, ease of use and im proved ef fi ciency has also in -
creased. Tun dra cryo-TEM op er at ing at 100kV with
semi-au to mated grid load ing sys tem and au to mated SPA
data col lec tion, makes EM ac ces si ble to sci en tists from di -
verse Life Sci ence back grounds. It en ables nov ice us ers as
well as us ers with var ied level of EM ex pe ri ence to carry
out sam ple op ti mi za tion and ob tain high res o lu tion 3D
struc tures to gain in sights into bi o log i cal macromolecules
im por tant to hu man health. 

In this ab stract, we de scribe how Tun dra was used for
sam ple screen ing of a chal leng ing small mem brane pro tein
that rep re sents a cru cial class of drug tar get for var i ous dis -
eases (Fig1). We solved struc ture of a chal leng ing
homo-pentameric hu man GABAA (gamma-aminobutyric
acid type A) re cep tor, an im por tant drug tar get for nu mer -
ous neu ro log i cal dis or ders to 3.4C res o lu tion (Fig2). In ad -
di tion, we also solved high res o lu tion struc tures of other
im por tant bi o log i cal sam ples such as Adeno-As so ci ated
Virus6 that is used as vi ral vec tor in gene ther apy and vac -
cines. These re sults clearly dem on strate po ten tial of the
Tun dra mi cro scope in drug dis cov ery and how it will add
great value at dif fer ent stages of Cryo-EM workflow for
our cus tom ers. 
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Fig ure 2. A). 3.4C re con struc tion of GABAA re cep tor from Tun dra. B) ligand den sity and C) sug ars. 

Fig ure 1. A. Sam ple screen ing of GPCR pro tein B. 2D class av er ages.


