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tains yet an other com men su rate metastable state fol lowed
by the intermartensitic trans for ma tion to 14M mod u lated
martensite [4]. Ob served changes in mod u la tion ex hibit a
ther mal hys ter esis, Fig. 1. In ter est ingly, these mi nor

changes in mod u la tion can be corelated with the changes of 
phys i cal prop er ties, such as elec tri cal re sis tiv ity, Fig. 2,
and elas tic moduli.
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Xenobiotics in the en vi ron ment in clude a wide va ri ety of
com pounds, e.g. pes ti cides, drugs, tex tile dyes, per sonal
care prod ucts, sta bi lis ers, and many oth ers. Among
xenobiotics, pharmaceuticals have re cently ac quired in -
creas ing at ten tion [1, 2]. Phar ma co log i cal prod ucts en ter
nat u ral wa ters mainly via wastewater ei ther from man u fac -
tur ing fa cil i ties or from mu nic i pal wastewater (ex cre tion of 
unmetabolised drugs, dis posal of un used drugs). The con -
tam i na tion of nat u ral aquatic sys tems re sults in ad verse
neg a tive ef fects on aquatic or gan isms. 

In sur face wa ters, phys i cal, chem i cal, and bi o log i cal
pro cesses con trib ute to the trans for ma tions of pol lut ing
sub stances. Photoinitiated pro cesses may rep re sent im por -
tant deg ra da tion path ways in sur face wa ters for com -
pounds re sis tant to both bi o log i cal deg ra da tion and
chem i cal re ac tions such as hy dro ly sis [3]. Pho to chem i cal
deg ra da tion may lead to a de crease in con tam i nant con cen -
tra tion, and, in some cases, gen er ate photoproducts with
even higher harm ful ef fects than that of the par ent com -
pound [4]. 

Ecotoxicology rep re sents a frame work en abling to test
a given com pound and to re veal or at least es ti mate its po -
ten tial harm ful ef fect. This study is fo cused on aquatic or -
gan isms. In autotrophs, al gae Chlorella sp. and
Desmodesmus sp. are of ten used due to their sim ple lab o ra -
tory main te nance [5, 6]. The flag ship of heterotrophs tox ic -
ity test ing in sur face wa ter is the plank tonic
microcrustacean Daph nia magna [7]. It has sev eral char ac -
ter is tics that in tox i co log i cal tests, es pe cially those tar geted 
at acute tox ic ity es ti ma tion – it can be rel a tively eas ily
main tained in the lab o ra tory and, when un der suit able con -
di tions, D. magna re pro duces par the no ge net i cally. A com -
mon model of ver te brates in ecotoxicology is the zebrafish
Danio rerio. Al though the ex trap o la tion of the ob tained re -
sults to higher ver te brates is not straight for ward and should 
be done with care, the re sponse of fish to xenobiotics is a
sig nif i cant in di ca tor of how a par tic u lar com pound (or
prod ucts of its photodegradation) af fect fish as sem blages
in sur face wa ters. 

Fig ure 2. De vi a tion from lin ear de pend ency of elec tri cal re sis tiv ity
with tem per a ture within 10M mod u lated martensite of the
Ni50Mn27Ga22Fe1 al loy. Mea sured re sis tiv ity curve within the stud -
ied re gion of the 10M martensite phase is pre sented in the in set [4].



In this study, tox ic ity of atorvastatin, a widely pre -
scribed hypolipidemic drug, and the mix ture of its
photoproducts were in ves ti gated. The photoproduct mix -
ture was pro duced by ir ra di a tion of the so lu tion of
atorvastatin (c = 50 mg/l) by the ra di a tion in the range be -
tween 300 – 350 nm (to im i tate the short-wave length so lar
ra di a tion that reaches the Earth´s sur face) for 15 min utes.
Then, two tox ic ity as says based on OECD 202 [8] and 236
[9] guide lines were per formed. 

In the case of acute tox ic ity test on the model or gan ism
Daph nia magna (OECD 202), 2 ju ve niles not older than
24 h were in tro duced into 5 ml of pure me dia, other ju ve -
niles in pairs in the me dia with atorvastatin in the con cen -
tra tion range from 1 to 10 000 µg/l; photoproducts
so lu tions were tested at con cen tra tion range of re main ing
atorvastatin in the ir ra di ated so lu tion up to 1000 µg/l. Dur -
ing this test (48 hrs) con stant tem per a ture was held at
18.7 ± 0.2 °C; photoperiod was 16 hrs light and 6 hrs dark
and the juvenils were not fed. Atorvastatin did not cause
any mor tal ity, photoproducts caused 20 % mor tal ity at the
high est con cen tra tion used. The LC50 value could not be
eval u ated from this ex per i ment. The data show that le thal
con cen tra tion for 50 % of daphnids is higher than the high -
est used con cen tra tion. Photoproducts seem to be more
toxic than atorvastatin it self since in ad di tion to the ob -
served mor tal ity each daphind showed odd swim ming at
the high est con cen tra tion of photoproducts. 

Tox ic ity as say based on OECD 236 guide line was done 
on em bryos of Danio rerio. One fer til ized egg was in tro -
duced into 2 ml of ISO wa ter (con trol) or into 2 ml of
atorvastatin or 2 ml of photoproducts (con cen tra tion ranges 
as in the tests with D.magna). Tested em bryos were kept in
the in cu ba tor Climacell EVO line, for 96 hours at the tem -
per a ture 25 – 26 °C and the photoperiod 14 hrs light/ 10 hrs

dark ness. The evo lu tion of the em bryos was mon i tored vi -
su ally ev ery 24 hours. Four key pa ram e ters in di cat ing the
lethality were sought for: co ag u lated em bryos, lack of
somite for ma tion, non – de tach ment of the tail and lack of
heart beat. The value of LC50 for atorvastatin was de ter -
mined by soft ware Prism 6, its value is 1976 µg/l. Re gard -
ing photoproducts, 40 % mor tal ity was ob served at the
photoproduct mix ture with re main ing 500 µg/l of
atorvastatin. In the higher con cen tra tion there was also re -
tar da tion in the de vel op ment and the drug had ad verse ef -
fect on blood for ma tion – lack of cell flow, trans par ent
cells with out pig men ta tion.
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Ad he sion of spi ro chetes from Borrelia burgdorferi sensu
lato com plex is the cru cial step in early phase of Lyme dis -
ease in fec tion. Decorin bind ing pro teins (Dbp) are
glycosaminoglycan (GAG) bind ing adhesins ex posed on
the sur face of borrelia spi ro chetes. Dbps are ex pressed in
two ho mol o gous forms A and B, both of them were char ac -
ter ized as main fac tors of borrelia vir u lence [1]. Based on
the pre vi ous de scribed dif fer ences in bind ing mech a nisms
of Dbp-GAG in ter ac tion [2], we fo cused on the re la tions
be tween struc tural dif fer ences and GAG bind ing. We aim
to de scribe the struc tural dif fer ences in de tail among Dbps

from eu ro pean Borelia spe cies and their par tic u lar in ter ac -
tions with dif fer ent GAGs us ing so lu tion nu clear mag netic
res o nance (NMR) spec tros copy at atomic res o lu tion. Al -
most com plete back bone and sidechain as sign ments of
DbpA from B. Afzelii and B. Bavariensis have been
achieved. Pre dic tions of sec ond ary struc ture pro pen sity for 
both vari ants, cal cu lated from as signed chem i cal shifts,
were com pared with avail able NMR struc tures of North
Amer i can borrelia spe cies. Back bone dy nam ics was de -
scribed by T1 and T2 spin re lax ations and 1H 15N
heteronuclear NOE (Nu clear Overhauser ef fect) ex per i -
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ments. We per formed ini tial pro tein-GAG in ter ac tion stud -
ies of both vari ants of DbpA with dif fer ent GAGs by NMR
ti tra tions in clud ing pro tein dy nam ics mea sure ment by
heteronuclear NOE ex per i ments, hy dro gen-deu te rium ex -
change mass spec trom e try (HDX-MS) and sur face
plasmon res o nance (SPR) trial mea sure ment. NMR-based
pre dic tion of sec ond ary struc ture pro pen sity and pro tein
back bone dy nam ics com bined with ini tial pro tein-ligand
in ter ac tion ex per i ments, which in di cates interspecific dif -
fer ences in GAG bind ing, pro vided in sight into struc tural
char ac ter is tics of DbpA and will set the start ing point for
fu ture ex ten sive re search of spe cific dif fer ences in struc -
ture and dy nam ics of Dbps and how it in flu ence the in ter ac -
tion mech a nism with GAG lig ands.
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Ticks are oblig a tory blood-feed ing ectoparasites ca pa ble
of trans mit ting a wide va ri ety of patho gens com pris ing
bac te ria, vi ruses, and pro to zoa to hu mans and an i mals. Af -
ter mos qui toes, ticks are the sec ond most dan ger ous vec -
tors of ar thro pod-borne dis eases. Hard tick Ixodes ricinus
is a typ i cal rep re sen ta tive of the 3-host tick and its life cy cle 
com prises three life stages. Each of the par a sitic stages, ex -
cept for adult males, feeds on a host. In con trast to mos qui -
toes, hard ticks I. ricinus feed much lon ger. Nymphal
feed ing takes typ i cally from 3 to 4 days, adult fe males feed
twice lon ger ap prox i mately 6 – 9 days. Adult ticks are ca -
pa ble to im bibe and di gest huge amounts of host blood ex -
ceed ing hun dred times their unfed weight (Sonenshine,
1991). 

Tick midgut lu men serves as the main or gan for stor age
of the engorged blood. Most of the hematophagous
ectoparasites (such as in sect blood-feed ers) di gest host
blood extracellularly in the midgut lu men. By con trast, di -
ges tion in ticks is a slow pro cess oc cur ring intracellularly
in the midgut ep i the lium cells. Host blood is the sole source 
of en ergy and nu tri ents for over all tick de vel op ment and re -
pro duc tion. Dur ing feed ing of each de vel op men tal stage,
dy namic changes of tick midgut ep i the lium re flect the
changes in the phys i o log i cal pro cesses oc cur ring in this tis -
sue (Sonenshine, 1991). Fur ther more, the midgut serves as
the pri mary in ter face be tween the tick and tick-borne
patho gens that de ter mines tick vec tor com pe tence (O’Neal
et al., 2020). 

Lim ited in for ma tion and func tional stud ies about vec -
tor in sect lipid me tab o lism are avail able. Lipids, in the
form of ster ols or free fatty ac ids, are the main and es sen tial 
com po nents of the in sect di etary re quire ments (Canavoso
et al., 2001; Toprak et al., 2020). How ever, in sects are not
able to syn the size ster ols by them selves (Clark and Block,
1959; Jing and Behmer, 2020). Dur ing ox i da tion of the

fatty ac ids (FAs), twice more en ergy (ap prox i mately 9
kcal/g) is re leased than dur ing the com plete ox i da tion of
car bo hy drates (ap prox i mately 4 kcal/g) (Toprak et al.,
2020). The main source of lipids for these in ver te brates is
host blood. Lipid di ges tion oc curs mainly in the midgut lu -
men, where li pases (EC 3.1.1.3; the ma jor lipid di ges tive
en zymes) cat a lyze the hy dro ly sis of the es ter bond in
triacylglycerols (TAGs) as well as in di- and mono-
acylglycerols (DAGs, MAGs) to the fi nal prod ucts - glyc -
erol and free fatty ac ids (FAs) (Derewenda, 1994; Toprak
et al., 2020).

In I. ricinus, poor un der stand ing of lipid me tab o lism
ex ists. As men tioned above, di ges tion of pro teins in tick
midgut oc curs intracellularly in the midgut ep i the lium
cells. Noth ing is known about di ges tion of lipids in ticks
and no di ges tive li pases have been yet func tion ally char ac -
ter ized in any tick spe cies. Some es ter as es and li pases in -
volved in the in cor po ra tion of the nu tri ents to the oocytes
were iden ti fied dur ing embryogenesis in the eggs of the
camel tick Hyalomma dromedarii (Fahmy et al., 2004).
Ear lier, Koh et al. (1991) de scribed the uti li za tion of the
nu tri tional re serves stored in the form of lipid drop lets in
the midgut ep i the lium cells. These lipids drop lets are used
for the growth of tis sues dur ing feed ing in the nymphal
stage of hard tick Haemaphysalis longicornis (Koh et al.,
1991). More re cently, it was dem on strated in an other tick
spe cies Dermacentor variabilis, that lipids are also ex -
ploited in the course of the long off-host star va tion pe riod,
dur ing which the large lipid drop lets are re leased and used
as the en dog e nous en ergy recourses (Rosendale et al.,
2018). In the midgut transcriptome of I. ricinus, li pases
from sev eral classes have been iden ti fied (Perner et al.,
2016). Phospholipase A2, acid sphingomyelinase, and
lipase (pan cre atic-like type) were iden ti fied as the most
up-reg u lated li pases in the midgut on the 3rd day of adult
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fe male feed ing (Perner et al., 2016). De tailed anal y sis of
these midgut-spe cific li pases us ing quan ti ta tive real time
PCR (qRT-PCR) across tick de vel op ment re vealed that
these li pases are mainly ex pressed dur ing the early stage of
adult fe male feed ing (Fig. 1A-C). The RNAi me di -
ated-knock down (RNAi KD) of in di vid ual li pases in adult
fe males did not show any phe no type dif fer ences be tween
RNAi KD and con trol groups (data not shown). Fur ther -
more, in the midgut proteome anal y sis, ei ther form unfed
fe males or from fe males fed for five days, only rare li pases
were iden ti fied (Fig. 1D).
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Fig ure 1: (A-C) - mRNA ex pres sion of in di vid ual li pases in the midgut dur ing de vel op men tal and feed ing stages. Quan ti ta tive
real-time PCR (qRT-PCR) pro fil ing of the phospholipase A2 (PlA2), pan cre atic-like lipase, and sphingomyelinase. Bars in di -
cate the stan dard de vi a tion. UF: unfed; 1D,3D, 5D: one, three and five days of feed ing; FF: fully fed fe males; 3AD, 6AD,
11AD: three, six and eleven days af ter de tach ment; mol.: molt ing. (D) – Phylo gen etic three of li pases iden ti fied in the
midgut transcriptome (Perner et al., 2016a) and in the midgut proteome. Li pases iden ti fied in the midgut proteome are
high lighted grey. Phylo gen etic tree was per formed us ing ClustalOmega server (https://www.ebi.ac.uk/Tools/msa/clustalo/). 
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For more than half a cen tury, an ti bi ot ics have been used as
the most com mon tool in the fight against in fec tious dis -
eases. How ever, due to the mis use and over use of these
sub stances, an in creas ing num ber of bac te ria are emerg ing
that are com pletely re sis tant to all cur rently known an ti bi -
ot ics (multidrug re sis tant). The emer gence of these types of 
bac te ria ren ders most, if not all, avail able an ti bi ot ics in ef -
fec tive. This sit u a tion is a global health cri sis that threat ens
ef fec tive pre ven tion and con trol of ever-in creas ing in fec -

tious dis eases. This cri sis is also ex ac er bated by
in creas ingly so phis ti cated de vel op ment new an ti bi ot ics.

A way out of this cri sis may be the use of novel sub -
stances in the fight against in fec tious dis eases. One of the
po ten tial can di dates are endolysins. These en zymes, orig i -
nally de rived from bac te rio phages, are peptidoglycan hy -
dro las es that de stroy bac te rial cell wall. They have high
spec i fic ity, much higher ca pa bil ity and ef fi ciency, and also
have not been found to de velop re sis tance [1, 2]. An ex -
tremely fast and ef fi cient lysis of peptidoglycan leads to a
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Fig ure 1. Sec ond ary struc tures of Si3 mu tants. A) the lysECD7-SMAP mu tant mol e cule has a Zn atom (red ball) that is sta bi lized by
amino ac ids 62 HIS (a), 69 ASP (b) and 117 HIS (c). Also shown is a glyc erol mol e cule (d) lo cated in the re gion of the Zn atom; B)
lysAAA mu tant with Na ion (pur ple ball); C) lysHE mu tant, the struc ture con tains the Fe ion (or ange ball).

Pa ra me ters ly sECD7-SMAP ly sA AA LysHE

Re so lu ti on (C) 1.70 1.43 2.00

Ave rage unit cell
(a, b, c C; 

a = b = c (°)

48.66, 58.03, 196.63

90.00

66.307, 76.548, 65.633

90.00

48.183, 66.381, 119.26

90.00

Spa ce group P212121 C2221 P22121

Num ber of mo le cules in
asym met ric unit

4 1 2

R 0.216 0.166 0.183

Rfree 0.260 0.204 0.221

Ta ble 1. Se lected data col lec tion sta tis tics
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sud den drop in turgor pres sure and os motic lysis, caus ing
bac te rial cell death [3]. The most im por tant as pect for us is
how mo lec u lar en gi neer ing can be used to change lytic
spec trum of endolysins [4].

The aim of our work was to ob tain crys tals of three Si3
endolysin mu tants (lysAAA, lysHE and lysECD7-SMAP),
fol lowed by the study of their struc ture.

In the course of the work car ried out, we ob tained crys -
tals of high dif frac tion qual ity for all three mu tants pre -
sented above, which al lowed us to study their struc ture in
suf fi cient de tail. X-ray dif frac tion data wore col lected at
BESSY II, Helmholtz Zentrum Berlin and pro cessed used
XDS-app and CCP4 soft ware. The main sta tis ti cal pa ram e -
ters are given in Table 1.

As can be seen from Fig ure 1, the struc ture of the
lysECD7-SMAP mu tant is fun da men tally dif fer ent from
the struc tures of the lysAAA and lysHE mu tants, which, in

turn, are sim i lar to each other. It is worth not ing sep a rately
the pres ence of dif fer ent metal at oms in the struc ture of
each mol e cule; how ever, only in the lysECD7-SMAP mu -
tant is the Zn atom sta bi lized by amino acid res i dues.
ECD7-SMAP mu tant has a 19-amino-acid C-ter mi nal tail
which changes over all con for ma tion that may im pact its
en zy matic ac tiv ity. It is, there fore, our main fo cus of fur -
ther struc tural stud ies.
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4. Kashani, H.H., Schmelcher, M., Sanzalipoor, H., Hosseini,
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Ferritin is a ubiq ui tous pro tein with cru cial role in tick bi ol -
ogy. Ticks di gest large amounts of host blood and are ex -
posed to an enor mous amount of free iron, which has to be
treated prop erly to avoid its tox ic ity. Two types of ferritin
were dis cov ered in the tick Ixodes ricinus – tagged as
ferritin I and ferritin II [1]. Ferritin I is a glob u lar pro tein
com pos ing 24 sub units (25kDa each) and form ing a hol -
low-sphere com plex [2, 3]. Ferritin I func tions as an
intracellular scav en ger of po ten tially toxic free iron and is
ca pa ble to se ques ter up to 4 500 iron at oms [2]. The func -
tion of ferritin II is not en tirely clear, but it prob a bly plays a
role in the trans port of non-heme iron be tween the tick gut
and the pe riph eral tis sues. Si lenc ing of ferritin II us ing
RNA in ter fer ence had a det ri men tal ef fect on tick de vel op -
ment and re pro duc tion [1]. The vac ci na tion of mam ma lian
hosts with re com bi nant ferritin II re vealed its prom is ing
po ten tial as an ef fi cient anti-tick vac cine [4].

This study fo cus on the mo lec u lar, bio chem i cal and
struc tural char ac ter iza tion of ferritin II from Ixodes ricinus. 
We have cloned ferritin II into two E. coli ex pres sion vec -
tors (pET-SUMO and pASK-37+), op ti mized its pro duc -
tion in var i ous ex pres sion cells and con di tions (e.g.,
tem per a ture, times and con cen tra tions of in ducer). Fur ther, 
we will fo cus on im prov ing the pro tein sol u bil ity and its
pu ri fi ca tion in or der to get suf fi cient amounts of pure re -

com bi nant ferritin II for fol low ing struc tural and bio chem i -
cal stud ies.
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