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UNDERSTAND THEIR BIOLOGICAL FUNCTION FOR NEW DRUG SYSTEMS USING

SAXS IN THE LABORATORY
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The de vel op ment of new and better drugs, to over come dis -
eases like Alz hei mer’s dis ease, Par kin son or an ti bi otic re -
sis tance, are a main fo cus of re search in the bi o log i cal,
phar ma ceu ti cal and med i cal field. In the last de cades the
in ter est in bi o log i cal macromolecules and com plexes pro -
vid ing prop er ties to treat and cure dis eases has tre men -
dously in creased. To un der stand their bi o log i cal func tion
in vi tro es pe cially small-an gle X-ray scat ter ing (SAXS)
gains in creas ing at ten tion of fer ing com ple men tary in for -
ma tion to the tra di tion ally used bi o log i cal tech niques.
SAXS en ables to study the struc ture and dy nam ics of
biomolecules in so lu tion where phys i o log i cal key pa ram e -
ters can be tuned and tested.

SAXS is a ver sa tile tech nique used for shape and size
char ac ter iza tion of nanostructured ma te ri als be tween 1 nm
and 200 nm. Bi o log i cal sam ples, like pro teins, pep tides,
monoclonal an ti bod ies or vi ruses are al ready well known
to be in ves ti gated with SAXS. Fur ther more drug de liv ery
sys tems like drug loaded ves i cles, where size and shape pa -
ram e ters of the ves i cle and the drug are found or gran u late
pow ders, where the in ter nal sur face ob tained by SAXS
cor re lates with the tab let hard ness, are interesting
examples of applications.

In the pres ent con tri bu tion we show se lected ap pli ca -
tions of bi o log i cal macromolecules, us ing a multi -
functional lab o ra tory Small and Wide An gle X-ray

Scat ter ing (SWAXS) sys tem, the SAXSpoint 2.0. The
SAXSpoint 2.0 sys tem is a com pact lab-scale sys tem with
ded i cated point collimation, which en ables SAXS, WAXS
and graz ing-in ci dent (GISAXS) scat ter ing stud ies un der
am bi ent and non-am bi ent con di tions, in-situ ten sile
SWAXS ex per i ments, and RheoSAXS stud ies. It sat is fies
the ad vanced user with a wide range of ded i cated sam ple
stages, full ex per i men tal flex i bil ity to meet the right en vi -
ron ment for each sam ple, and high est res o lu tion. The sys -
tem pro vides sim ple op er a tion, short mea sure ment times
and ex cel lent an gu lar res o lu tion, en abled by a smart beam
for ma tion concept while maintaining a laboratory-friendly
compact size and small footprint.

Dif fer ent SAXS and WAXS stud ies on bi o log i cal
macromolecules and phar ma ceu ti cally rel e vant sam ples
were per formed on the pre sented SAXSpoint 2.0 sys tem.
Some of the sam ples re quired high res o lu tion (very low
min i mum scat ter ing an gle) in or der to re solve large struc -
tural di men sions. The unique sam ple-po si tion ing mech a -
nism en abled WAXS mea sure ments to de ter mine
crystallinity with out re-align ing any part of the SWAXS
sys tem. The pre sented stud ies clearly show that high-res o -
lu tion and high-qual ity SWAXS data can be ob tained for
bi o log i cal macromolecules and com plexes in ves ti gated in
their native state with a laboratory SWAXS system.
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Gene trans fer agents (GTAs) are extracellular par ti cles that 
en able high-fre quency hor i zon tal gene trans fer among
prokaryotes and thus ac cel er ate their evo lu tion. GTAs are
de rived from phages that were in de pend ently ac quired by
sev eral bac te rial and archaeal lin eages. In spite of their im -
por tance for ad ap ta tion and di ver si fi ca tion of prokaryotes,

the struc ture and mech a nism of DNA de liv ery of GTA are
un known. Here we used cryo-elec tron mi cros copy to show
that GTA of Rhodobacter capsulatus re sem bles bacterio -
phage from the fam ily Siphoviridae with sev eral unique
fea tures. The DNA-con tain ing head of the GTA is short -
ened in the di rec tion of GTA tail rel a tive to the reg u lar



icosahedral heads of phages. This re sults in T3 com pressed 
icosahedron with ~50% re duc tion of the DNA pack ag ing
ca pac ity. It rep re sents the small est pos si ble size of a capsid, 
which can be as sem bled in por tal-con tain ing vi ruses. Un -
like in the pre vi ously stud ied phages, at tach ment of the
GTA tail to the head is re in forced by the in ter ac tion of the
neck adap tor pro tein with the capsid. Tape-mea sure pro -
tein, which de ter mines the length of the GTA tail, ex hib its
sim i lar i ties to the struc tural fea tures of tape-mea sure pro -
teins of phages with both short and long tails and may,
there fore, cor re spond to their com mon an ces tor. DNA-de -
liv ery com mences by the GTA at tach ing to the host cap sule 
by head-spike and tail-fibres. Sub se quently, the base plate
in ter acts with the outer mem brane, ir re vers ibly dis as sem -
bles and re leases the cell-wall hydrolase, lo cated in side the

base plate. The tape-mea sure pro tein is no lon ger held in the 
virion and ejects to gether with DNA into the periplasm,
from where DNA is uptaken to the cy to plasm by cell trans -
for ma tion com plex. Our re sults re veal im por tant struc tural
fea tures in tailed phage virion and de scribe novel DNA-de -
liv ery mech a nism pres ent in GTAs and re lated phages.

CIISB re search in fra struc ture pro ject – LM2015043, IT4
In no va tions Na tional Supercomputing Cen ter – LM
2015070, and the Na tional Grid In fra struc ture Meta -
Centrum  – LM2015042 funded by by The Min is try of Ed u -
ca tion, Youth and Sports of the Czech Re pub lic are
grate fully ac knowl edged. This work was sup ported by
Grant Agency of the Masaryk Uni ver sity (MUNI/A/
0958/2018).
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Vi ruses from the ge nus Enterovirus are im por tant hu man
patho gens. Re cep tor bind ing or ex po sure to acidic pH in
endosomes con verts enterovirus par ti cles to an “ac ti vated”
state that is re quired for ge nome re lease. How ever, the
mech a nism of enterovirus ge nome re lease is not well un -
der stood. Here, we used cryo-elec tron mi cros copy to vi su -
al ize virions of hu man echovirus 18 in the pro cess of
ge nome re lease. 

We dis cov ered that vi ral RNA ex its the echovirus 18
par ti cle through a hole that forms in the capsid upon loss of

one, two, or three ad ja cent capsid-pro tein pentamers. The
re sult ing hole, which is more than 120 C in di am e ter, en -
ables the re lease of the ge nome with out the need to un wind
its pu ta tive dou ble-stranded RNA seg ments. Thus, our
find ings un cover a novel and con served mech a nism of
enterovirus ge nome re lease that could be come tar get for
an ti vi ral drugs.
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Fig ure 1. DNA-de liv ery mech a nism of Rhodobacter capsulatus gene trans fer agent (GTA).
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Bac te rio phages from the fam ily Podoviridae use short non-  
con trac tile tails to eject their genomes into bac te ria. How -
ever, there is lim ited high-res o lu tion in for ma tion about
struc ture and mech a nism of ge nome de liv ery of Podo viru -
ses that in fect Gram-pos i tive bac te ria such as S. aureus.
Here we used cryo-elec tron mi cros copy and X-ray crys tal -
log ra phy to de ter mine the struc tures of S. aureus phage
P68 in its na tive form, ge nome ejec tion in ter me di ate, and
empty par ti cle. The struc ture of the na tive phage was
solved to 3.3 C and 3.9 C for capsid and tail re spec tively.
We show that res i dues from N-ter mi nus of the ma jor
capsid pro tein en able in cor po ra tion of P68 por tal com plex
into phage head by form ing a spe cial in ter face. P68 head
con tains sev enty-two sub units of an in ner core pro tein,

which are po si tioned be tween the por tal com plex and
phage ge nome. Fif teen of the in ner core pro teins bind to
and al ter the struc ture of ad ja cent ma jor capsid pro teins and 
thus spec ify at tach ment sites for head fi bers. Un like in the
pre vi ously stud ied phages, head fi bers of P68 en able po si -
tion ing of its virion at cell sur face for ge nome de liv ery. P68 
ge nome ejec tion is trig gered by dis rup tion of in ter ac tion of
one of the por tal pro tein sub units with phage DNA. The in -
ner core pro teins are re leased be fore the DNA and prob a bly 
en able translocation of phage DNA across bac te rial mem -
brane into cy to plasm. The ge nome translocation mech a -
nism and the por tal as sem bly mech a nism is likely to be
con served among bac te rio phages in fect ing gram-pos i tive
bac te ria.
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Enteroviruses, be long ing to the group of Picornaviridae,
are non-en vel oped, pos i tive-sense-stranded RNA viruses.
These an i mal and hu man patho gens cause va ri ety of dis -
eases rang ing from mild re spi ra tory ill nesses to life-threat -
en ing men in gi tis. Hu man enterovirus 70 (EV70), which is
trans mit ted by eye se cre tions, causes acute hem or rhagic
con junc ti vi tis, a se ri ous eye dis ease.

We used cryo-elec tron mi cros copy to de ter mine the
mo lec u lar struc ture of EV70 par ti cles. EV70 was prop a -
gated in hu man hTERT-RPE1 cell line and pu ri fied by
PEG pre cip i ta tion and ul tra cen tri fu ga tion in CsCl gra di ent. 
Pu ri fied vi rus so lu tion was vit ri fied on grids cov ered with
holey car bon. Cryo-elec tron mi cros copy was done us ing an 
FEI Ti tan Krios trans mis sion elec tron mi cro scope

equipped with Fal con II/III di rect elec tron de tec tor. The
pro cessed data re sulted in near-atomic res o lu tion elec tro -
static po ten tial maps, suit able for build ing of the atomic
structure of the EV70 capsid proteins. 
Af ter suc cess ful con struc tion of the model of full and
empty par ti cle, we fo cused on the re gion of the capsid that
might be oc cu pied by a pocket fac tor, a small mol e cule that
reg u lates ge nome re lease of the vi rus. This pocket fac tor
might be re placed by ar ti fi cial in hib i tors that over-sta bi lize
the vi rus and pre vent its in fec tion. Knowl edge of the EV70
virion struc ture will al low de vel op ment of spe cific
capsid-bind ing in hib i tors that may be used to treat the
disease caused by this virus.


