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Zinc-de pend ent nu cleases from S1-P1 fam ily are rel a tively 

small glob u lar pro teins com posed mostly of a-he li ces, sta -
bi lized by disulfide bridges, and in the case of eukaryotic
mem bers they are also glycosylated. Gene cod ing an S1-P1 
type nuclease (~25 % of se quence iden tity) can be found in
many spe cies, e.g. in plants, fungi, pro to zoan par a sites, and 
also in some bac te ria. De spite very sim i lar ac tive site com -
po si tion and bind ing pos si bil i ties, these nu cleases are able
to cleave RNA, and sin gle-stranded DNA as well as dou -
ble-stranded DNA with dif fer ent cat a lytic ef fi ciency and
sub strate pref er ences [1].

The sub ject of our study is re com bi nant class I nuclease 
from Stenotrophomonas maltophilia (SmNuc1). Stenotro -
phomonas maltophilia is a Gram-neg a tive aer o bic bac te -
rium from Gammaproteobacteria. It is an op por tu nis tic
hu man patho gen with a mul ti ple an ti bi otic and stress re sis -
tance, in fect ing pri mar ily se verely immunocompromised
pa tients and caus ing sev eral nosocomial dis eases [2]. Here
we pres ent novel struc ture of na tive SmNuc1 nuclease ob -
tained at 1.4 C res o lu tion, fol lowed by struc tures of com -
plexes with 5’-mononucleotides and struc tures of mu tants
of SmNuc1.

Anal y sis of these high-res o lu tion crys tal struc tures re -
vealed sev eral in ter est ing novel fea tures. Near the ac tive
site, there is a flex i ble loop able to open and close, which
brings up new ques tions about the cat a lytic mech a nism.
Our struc ture-ac tiv ity study of SmNuc1 and its vari ants
could shed light on some as pects of the cleav age mech a -
nism of this whole family of nucleases.
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Fig ure 1 : Crys tal struc ture of SmNuc1 nuclease. Res i dues of the 
ac tive site are shown as sticks and zinc ions are shown as blue

spheres. Graphics was cre ated us ing PyMOL (Schrödinger).
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Clin i cal tri als sug gest that an ti body treat ments can pre vent
deaths and hos pi tal iza tions among peo ple with mild or
mod er ate COVID-19. Con sid er ing high rate of
SARS-CoV-2 es cape mu ta tions, a de vel op ment of uni ver -
sal neu tral iza tion an ti bod ies able to neu tral ize cur rent and
new vari ants of the vi rus is of a great im por tance. Em ploy -
ing hybridoma tech nol ogy, a panel of anti SARS-CoV-2
Spike pro tein an ti bod ies with a high af fin ity to the Spike
re cep tor bind ing do main (RBD) has been gen er ated (Fig.
1). An ti bod ies were se lected based on the re sults of au then -
tic vi rus neu tral iza tion as say. The an ti bod ies AX290 and
AX677, with non-over lap ping epitopes on the Spike RBD
(Fig. 2), showed ex cel lent neu tral iza tion of an au then tic
SARS-CoV-2 vi rus rep re sent ing strains cir cu lat ing in Eu -
rope in spring 2020 and also the vari ants of con cern B.1.1.7 
(Al pha), B.1.351 (Beta) and B.1.617.2 (Delta). Un like the
ma jor ity of cur rently avail able ther a peu tic an ti bod ies,
AX677 is able to bind Omi cron Spike pro tein just like the
wild type Spike [1].

We have crys tal lized sev eral an ti bod ies alone and in the 
com plex with RBD and char ac ter ize them on a syn chro tron 
X-ray source. 
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Cen tre of Mo lec u lar Struc ture, BIOCEV, Czech Re pub lic.

Fig ure 1. Ki netic char ac ter is tics of the in ter ac tions of RBD with se -
lected neu tral iz ing an ti bod ies rep re sented with isoaffinity lines (dot -
ted) of the in di vid ual ka, kd and KD af fin ity con stants. The fig ure was
adapted from ref [1].

Fig ure 2. The po si tions of the pep tides bound by the an ti bod ies,
high lighted in the struc ture of SARS-CoV-2 spike RBD bound to
ACE2 (PDB ID 6M0J [2]). The AX290 bind ing site is rep re sented 
by shades of blue, AX677 by or ange and yel low. ACE2 is shown
in a green car toon model, RBD as a grey sur face model. The fig -
ure was adapted from ref [1].
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Stenotrophomonas maltophilia is an emerg ing patho genic
bac te rium that causes an in creas ing num ber of se ri ous in -
fec tions world wide. Mu ta tions and the ac qui si tion of an ti -
bi otic-re sis tance genes were shown to ex tend the broad
an ti bi otic re sis tance of this spe cies [1]. We per formed a
bioinformatic anal y sis of its avail able genomes to dis cover
uncharacterised an ti bi otic-in ac ti vat ing en zymes to carry
out func tional and struc tural anal y ses.

The cho sen tar get en zymes were ex pressed in Esch e -
richia coli and suc cess fully pu ri fied. To con firm the ex -
pected func tion – en zy matic in ac ti va tion of an ti bi ot ics,
ki netic as says were per formed. An en zyme catalysing the
an ti bi otic-in ac ti va tion re ac tion was crys tal lized and dif -
frac tion im ages were col lected. The dataset ex hib its se vere
ani so tropy: an es ti mated res o lu tion limit in Aim less [2], ac -

cord ing to the cri te rion to I/s(I) > 1.5, var ied from 2.69 C
to 1.96 C for dif fer ent di rec tions in re cip ro cal lat tice. The
phase prob lem was solved with MoRDa [3] and the struc -
ture model was re fined in REFMAC5 [4].

Sur pris ingly, the crys tal struc ture con sists of a
homodimer co va lently linked via two cysteine bridges.
How ever, con se quent in te gra tive struc tural anal y sis us ing
SAXS, MS, MX and DLS in di cates a monomeric state in
so lu tion. Nev er the less, the de ter mined atomic struc ture re -

veals a spa tial ar range ment of the ac tive site in de tail. This
pro vides an im por tant knowl edge for the de vel op ment of
an ti bi otic treat ment strat e gies, as well as for fur ther struc -
tural anal y sis – in vi tro or in silico – of com plexes with an -
ti bi ot ics or po ten tial en zyme in hib i tors.

1. T. Gil-Gil, J. L. Martínez, P. Blanco, Ex pert Re view of
Anti-in fec tive Ther apy, 18, (2020), pp. 335-347.
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This work was sup ported by the MEYS CR (pro jects CAAS
– CZ.02.1.01/0.0/0.0/16_019/0000778, BIOCEV – CZ.
1.05/1.1.00/02.0109, and ELIBIO – CZ.02.1.01/0.0/
0.0/15_003/0000447) from the ERDF fund; by the Czech
Acad emy of Sci ences (86652036); by the GA CTU in
Prague (SGS22/114/OHK4/2T/14); by the Czech Sci ence
Foun da tion (20-12109S); and from the grant of Spe cific
uni ver sity re search (A1_FPBT_2021_003). We ac knowl -
edge CMS-Biocev (Bio phys i cal tech niques, Crys tal li za -
tion, Dif frac tion, Struc tural mass spec trom e try) sup ported
by MEYS CR (LM2015043 and LM2018127).



Ó Krystalografická spoleènost

18 Dis cus sions XVIII  -  Lec tures Ma te ri als Struc ture, vol. 28, no. 1 (2022)

L21

2.4C STRUCTURE OF THE DOUBLE CONCENTRIC RINGED LIGHT HARVESTING
COMPLEX FROM PHOTOTROPHIC BACTERIUM GEMMATIMONAS

PHOTOTROPHICA

Michal Koblížek1, Alastair Gar di ner1, Nupur1, Tomáš Polívka2, Niel Hunter3 and Pu Qian4

1Cen tre Algatech, In sti tute of Mi cro bi ol ogy, Czech Acad emy of Sci ences, 37981 Tøeboò, Czechia
2Fac ulty of Sci ence, Uni ver sity of South Bo he mia, 37005 Èeské Budìjovice, Czechia

3De part ment of Mo lec u lar Bi ol ogy and Bio tech nol ogy, The Uni ver sity of Shef field, Shef field S10 2TN, UK
4Ma te ri als and Struc tural Anal y sis, Thermo Fisher Sci en tific, Achtseweg Noord 5, 5651 GG Eindhoven, 

Neth er lands

Anoxygenic pho to syn the sis has pre vi ously been de scribed
in the bac te rial phyla; Cyanobacteria, Proteobacteria,
Chlorobi, Chloroflexi, Firmicutes and Acidobacteria. Re -
cently we de scribed a phototrophic bac te rium be long ing to
phy lum Gemmatimonadetes [1]. This or gan isms Gemma -
timonas phototrophica evolved the abil ity to use so lar en -
ergy fol low ing hor i zon tal trans fer of pho to syn the sis-
 related genes from an an cient phototrophic proteo -
bacterium.  

Thus, we used the cryo-EM tech nique to in ves ti gate its
de tailed struc ture. The com plex con tains the type-2 re ac -
tion cen ter sur rounded by two con cen tric rings of light har -
vest ing an ten nae. The outer LH ring con sist of 24 sub units
and con tains 72 bacteriochlorophyll (BChl) mol e cules.
The in ner ring con sists of 16 sub units, with 32 BChls. The
func tion of the light har vest ing com plexes was in ves ti -
gated us ing fs-spec tros copy. It was found that the LH rings
serve as an en ergy fun nel with the pig ments at higher ex ci -

ta tion en ergy placed at the pe riph ery and the pig ments with
lower en ergy in the cen tre. The ex ci ta tion en ergy mi grates
within pi co sec onds down the en ergy gra di ent and is fi nally
trapped in the RC [2]. 

1. Zeng, Y, Feng, F, Medová, H, Dean, J, Koblížek, M: Func -
tional type 2 photosynthetic Re ac tion cen ters found in the
rare bac te rial phy lum Gemmatimonadetes. Proc. Natl.
Acad. Sci. USA 111: 7795-800, 2014.
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Jack son PJ, Nupur, Kloz M, Èubáková P, Kuzma M, Zeng
Y, Cas tro-Hartmann P, van Knippenberg B, Goldie KN,
Kaftan D, Hrouzek P, Hájek J, Agirre J, Siebert CA, Bína
D, Sader K, Stahlberg H, Sobotka R, Russo CJ, Polívka T,
Hunter CN, Koblížek M (2022) 2.4-C struc ture of the dou -
ble-ring Gemmatimonas phototrophica photosystem. Sci -
ence Ad vances 8(7):eabk3139
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Sin gle Par ti cle Anal y sis (SPA) ap pli ca tion of cryo-elec tron 
mi cros copy (cryo-EM) has be come a widely used method
for de ter mi na tion of the 3D struc ture of broad types of pro -
teins and pro tein com plexes, to study the mech a nism of
their func tion [1]. As the pop u lar ity of this tech nique in -
creases, so does the need for greater ef fi ciency and ac ces si -
bil ity from not only mi cros copy ex perts but also from
broader au di ence with lit tle to no cryo-EM ex pe ri ence. 

The Thermo Sci en tific Tun dra Cryo-TEM is a new
trans mis sion elec tron mi cro scope op er at ing at 100kV ac -
cel er a tion volt age ded i cated to SPA [2] which has been de -
vel oped es pe cially for new Cryo-EM us ers. 

To load the sam ple into the mi cro scope, Tun dra
Cryo-TEM brings a novel semi-au to mated load ing tech -
nol ogy (SAL). Sam ple load ing op er a tion is sup ported by
fully guided workflow on the on-screen dis play (OSD) and
in a few min utes al lows to load the vit ri fied sam ple to the

TEM col umn for peo ple with very lim ited Cryo-EM ex per -
tise. 

For 100kV ac cel er ate volt age a new scintillator-based
cam era CETA-F with speed en hance ment was de vel oped.
CETA-F is ded i cated for low dose ap pli ca tion and brings
the pos si bil ity of dose frac tion ation mode as is im ple -
mented on the Fal con cam era. This al lows to store im age
frames for cor rec tion of beam in duced mo tion in a post pro -
cess ing pipe line.

A new ob jec tive lens was de vel oped for Tun dra
Cryo-EM to de crease the spher i cal and chro matic ab er ra -
tions at 100-kV ac cel er a tion volt age and boost sig nal at
high res o lu tion fre quen cies.

By us ing all these new fea tures Tun dra Cryo-TEM
achieved us ing apo-ferritin 2.6C res o lu tion of a re con -
structed 3D map (Fig ure 1). At this res o lu tion, de novo pro -
tein struc tures can be de ter mined, and im por tant bi o log i cal

https://www.science.org/doi/10.1126/sciadv.abk3139
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ques tions an swered. Data was col lected with pixel size of
0.75C, us ing ab er ra tion free im age shift (AFIS) tech nol ogy 
for less than 4 hours and pro cessed us ing Relion 3.1 [3].
The data was col lected us ing Thermo Sci en tific™ EPUTM

soft ware with pre-de fined set tings, were a new func tion al -
ity in EPU was used – to au to mat i cally checks and re fines
op ti cal align ments and pro vides sys tem sta tus for
high-qual ity data ac qui si tion. 

All these new fea tures that are in tro duced within the
Tun dra Cryo-TEM to achieve rel e vant res o lu tion of their
bi o log i cal sam ples while keep ing an ac ces si ble price point. 

This would make cryo-TEM ac ces si ble to many sci en tists
across all life sci ence branches. 

1. Mi chael Eisenstein: The field that came in from the cold,
Na ture, Vol.13 No.1, Jan u ary 2016.

2. Mathew J. Peet, Rich ard Henderson, Chris to pher J. Russo:
The en ergy de pend ence of con trast and dam age in elec tron
cryomicroscopy of bi o log i cal mol e cules, Ultramicroscopy
203 (2019) 125–131.

3. J. Zivanov, T. Nakane, B. Forsberg, D. Kimanius, W.J.H.
Hagen, E. Lindahl & S.H.W. Scheres “RELION-3: new
tools for au to mated high-res o lu tion cryo-EM struc ture de -
ter mi na tion”, eLife 2018;7:e42166.
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Un der stand ing pro tein-ligand bind ing in atomistic de tails
is key to suc cess in struc ture-based drug de sign. I will dis -
cuss two re cent ap proaches: i) ef fec tive elec tronic po lar iza -
tion scheme for clas si cal mo lec u lar dy nam ics (MD) [1] and 
ii) parametrized semiempirical quan tum me chan ics
(SQM)-based scor ing func tion [2, 3]. The for mer method
in cludes polar is ation in clas si cal ad di tive force fields via
charge scal ing. We have shown its power in cor rect struc -
tural de scrip tion of the bridg ing Ca2+ ions in lectin/car bo -
hy drate com plex (Fig. 1A, B) [1].

A uni ver sal method, which in cludes also other quan tum 

ef fects, such as charge trans fer or s-hole bond ing, is quan -

tum me chan ics. We have de vel oped an SQM-based scor -
ing func tion which, due to its chem i cal gen er al ity, out per -
forms stan dard ac a demic and com mer cial pack ages in
sam pling, rank ing and vir tual screen ing. In sum mary, de -
vel op ing and ap ply ing phys i cally cor rect mod els of pro -
tein-ligand bind ing heads to ward an un ri valled qual i ta tive
and quan ti ta tive en hance ment of the pre dic tive power of
com puter-aided drug de sign.  

1. M. Lepsik, et al. In duc tion of rare con for ma tion of
oligosaccharide by bind ing to cal cium-de pend ent bac te rial

Fig ure 1. Struc ture of Apoferritin pro tein de ter mined at 100 keV. a) 3D re con struc tion of apoferritin at 2.6C res o lu tion, b) Gold-stan -
dard FSC plot cor re spond ing to the cal cu lated map, show ing the cor re la tion be tween the phase-ran dom ized (red), un masked (green) and

masked (blue) half-maps, c) Elec tron den sity of the 2.6 C res o lu tion map show ing the apoferritin a-he lix


