
mech a nisms of spa tial ad ap ta tion dur ing the for ma tion of
Anticalin-ligand com plexes: (i) in duced fit, in which
conformational al ter ation fol lows ligand bind ing, and (ii)
conformational se lec tion, which is based on a pre-ex ist ing
mix ture of conformational states. Taken to gether, these
mo lec u lar mech a nisms dem on strate re mark able re sem -
blance be tween the bind ing site of lipocalins (nat u ral or en -
gi neered) and the well char ac ter ized complemen tarity-
 determining re gion of immunoglobulins (an ti bod ies),
which rep re sent two struc tur ally and func tion ally dif fer ent
types of mam ma lian plasma pro teins.

1. Rich ter, A., Eggenstein, E. & Skerra, A. (2014) Anticalins:
ex ploit ing a non-Ig scaf fold with hypervariable loops for

the en gi neer ing of bind ing pro teins. FEBS Lett. 588,
213-218.

2. Deuschle, F. C., Ilyukhina, E. & Skerra, A. (2021)
Anticalin® pro teins: from bench to bed side. Ex pert Opin.
Biol. Ther. 21, 509-518.

3. Achatz, S., Jarasch, A. & Skerra, A. (2021) Struc tural plas -
tic ity in the loop re gion of en gi neered lipocalins with novel 
ligand specificities, so-called Anticalins. J. Struct. Biol. X.
6, 100054.

4. Jerschke, E., Eichinger, A. & Skerra, A. (2023) Drastic
alterations in the loop structure around colchicine upon
complex formation with an engineered lipocalin indicate a
conformational selection mechanism. Acta Crystallogr. F
Struct. Biol. Commun. 79, 231-239.
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NOVEL STRAT E GIES AND WEB-BASED TOOLS FOR PRO TEIN EN GI NEER ING
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We de velop novel strat e gies and web-based pro tein en gi -
neer ing tools un der the ELIXIR Czech Re pub lic um brella.
These are fully au to mated com pu ta tional workflows which 
can op er ated us ing the in tu itive graph i cal user in ter face [1].
Pro tein se quence or struc ture is typ i cally the only in put re -
quired for the cal cu la tion. The tools can be ac cessed freely
via the Pro tein En gi neer ing Por tal (Fig ure 1). The tools are 
par tic u larly suit able for experimentalists with out prior
struc tural bi ol ogy or bioinformatics knowl edge. The Na -
tional Supercomputing Cen tre IT4Innovations pro vides
the in fra struc ture for high-per for mance com put ing. This
talk will in tro duce some of our web tools and il lus trate their 
use for en gineering pro teins for bio tech no log i cal and bio -
med i cal ap pli ca tions [2]. 

1. Marques, S. M., Planas-Iglesias, J., Damborsky, J., 2021:
Web-based Tools for Com pu ta tional En zyme De sign. Cur -
rent Opin ion in Struc tural Bi ol ogy 69: 19-34.

2. Vasina, M., Velecky, J., Planas-Iglesias, J., Marques, S.
M., Skarupova, J., Damborsky, J., Bednar, D., Mazurenko,
S., Prokop, Z., 2022: Tools for Com pu ta tional De sign and
High-Through put Screen ing of Ther a peu tic En zymes. Ad -
vanced Drug De liv ery Re views 183: 114143.
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Fig ure 1. The graph i cal user in ter face of the Pro tein En gi neer ing
Por tal pro vides uni fied ac cess to the soft ware tools and da ta bases
de vel oped by the Loschmidt Lab o ra to ries and part ners:
https://loschmidt.chemi.muni.cz/portal/. 

https://loschmidt.chemi.muni.cz/portal/


L24

NOVEL IMMUNOTHERAPEUTIC DRUGS THROUGH COMPUTATIONAL PROTEIN
DESIGN

Clara Tabea Schoeder

Leip zig Uni ver sity, Fac ulty of Med i cine, Ger many
clara.schoeder@medizin.uni-leip zig.de

Re cent ad vances in com pu ta tional pro tein de sign have
dem on strated its us abil ity for tasks such as de sign ing
self-as sem bling nanoparticles, ß-bar rel mem brane pro teins 
or the rapid dis cov ery of picomolar bind ers for the
SARS-CoV-2 re cep tor bind ing do main as an ti vi ral drugs.
In my lab o ra tory, we are fur ther le ver ag ing these tools to
de sign new immunotherapeutic drugs, in clud ing sta bi lized
vi ral glycoproteins for ra tio nally act ing vac cines, an ti bod -
ies and an ti body frag ments for cel lu lar ther a pies, and
adeno-as so ci ated vi rus capsids for tar geted gene ther apy.
While com pu ta tional pro tein de sign has been based on bio -
phys i cal and knowl edge-de rived en ergy terms in the past,
new ma chine learn ing meth ods are emerg ing with new ca -

pa bil i ties. Here, we are pre sent ing a study, where pro tein
de sign in the Rosetta soft ware frame work was com bined
with the pre dic tion of post-translational mod i fi ca tions us -
ing ar ti fi cial neu ral net works. We in te grated these mod els
in the Rosetta frame work, al low ing the use of these pre dic -
tions dur ing de sign. With this, it is pos si ble to en rich for in -
tended post-translational mod i fi ca tions while al ter ing the
se quence, e.g. for the de sign of N-linked glycosylation, but
also to de crease the oc cur rence of un in tended mod i fi ca -
tions sites, such as deamidation of asparagine. This new
method will be ap plied dur ing epitope-fo cused immunogen 
de sign for in flu enza vi rus vac cines and for the sta bi li za tion
of an ti body ther a peu tics.
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USING MOLECULAR DYNAMICS (MD) CALCULATIONS FOR THE
CHARACTERIZATION OF STRUCTURAL TRANSITIONS
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A.H. Juffer1,4
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The in creas ing num ber of struc tures avail able for in di vid -
ual pro teins in dif fer ent con di tions en able de fin ing struc -
tural changes be tween pro tein states like un bound and
liganded and ac tive and non-ac tive con for ma tions. These
struc tures do not re veal all the atomic move ments (dy nam -
ics) needed for the tran si tion be tween these states. Mo lec u -
lar dy nam ics (MD) sim u la tions can be used to study and
con firm an tic i pated struc tural changes. This re quires an
anal y sis of the avail able struc tures to de fine the states as
well as the rec og ni tion of the path (tran si tion) be tween
these states from a sim u lated en sem ble of con for ma tions.
The pres ent work has ap plied cor re la tion-based anal y sis
tools to an a lyze MD sim u la tion re sults to find pos si ble
states and tran si tions to un der stand the un der ly ing mech a -
nism of pro tein struc ture changes. We pres ent ex am ples of
the in for ma tion avail able from MD cal cu la tions, when
com bined with struc tural data. We also pres ent some of the
chal lenges to find the tran si tion of in ter est in the sim u la tion 
data. 

For two pro teins, vcCBP (Vibrio cholerae Car bo hy -
drate Bind ing Pro tein [1] and MFE1(multifunctional en -

zyme, type-1) [2] sev eral 500 ns all atom MD sim u la tions
were per formed to study the dy nam ics of the pro teins when 
start ing from dif fer ent struc tural states. vcCBP is a
periplasmic sol ute bind ing pro tein spe cific for chito oligo -
saccharide, poly mer of N-acetylglucosamine; (GlcNAc)n.
MFE1 is a monomeric en zyme with two ac tive sites. In
both stud ies struc ture-based pre de ter mined dis tances be -
tween care fully se lected ca-at oms were ana lysed as func -
tion of the sim u la tion time as well as by cross-cor re la tion
of these dis tances with each other. The atom dis tance anal -
y sis and dy nam i cal cross-cor re la tion (DCC) data from MD
sim u la tions have been used to in ves ti gate the  intra-do main 
and inter-do main move ments.

In the case of vcCBP, the dis tance anal y sis can dif fer -
en ti ate be tween a bound and an un bound state, but it is in
the DCC data of the ca-atom po si tions which high lights key 
fea tures of the bind ing mode of the two dif fer ent lig ands,
(GlcNAc)2 and (GlcNAc)3, as shown in Fig. 1. The
cross-cor re la tion anal y sis re veals dif fer ent be hav iour of
the do mains and di vi sion of a sin gle do main into two do -
mains, which is con sis tent with the the ther mo dy namic
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data mea sured for these lig ands. The re sults pre dict the ex -
is tence of dy nam i cal do mains which is con firmed by a
com bi na tion of ex per i men tal struc tural data [3].

For the MFE1 study two dif fer ent conformational states 
are found in the asym met ric unit of the crys tal lised pro tein.
The char ac ter is tic dis tances for the A and B states have
been de fined in pre vi ous pub li ca tions [2]. The anal y sis of
the 500ns sim u la tions runs of the unliganded struc ture, us -
ing these char ac ter is tic dis tances, shows that these struc -
tural states do not con verge to each other dur ing this time
scale at tain able by the MD sim u la tion. The sim u la tions are
ex tended and anal y sis of 500 ns sim u la tions runs of
liganded MFE1 com plexes is still in prog ress.

The col lec tion of the dis tance char ac ter is tics from two
or more pro tein conformational states us ing ex ten sive sim -
u la tion data will make it pos si ble to au to mate the search of

the res i dues that are im por tant for the func tion of these pro -
teins. 

1. W. Suginta, N. Sritho, A. Ranok, D.M. Bulmer, Y.
Kitaoku, B. van den Berg, T. Fukamizo, J Biol Chem., 293, 
(2018), 5150.

2. S.Sridhar, W. Schmitz, J.K. Hiltunen, R. Venkatesan, U.
Bergmann, T-R. Kiema, R.K. Wierenga, Acta
Crystallographica, D76, (2020), 1256.

3. T. Ohnuma, J. Tsujii, C. Kataoka, T. Yoshimoto, D.
Takeshita, O. Lampela, A. H. Juffer, W. Suginta, T.
Fukamizo, Manuscript, (2023).

4. G. Battocchio, R. González, A.G. Rao, I. Schapiro, M. A.
Mroginski, The Jour nal of Phys i cal Chem is try B, 124,
(2020) 1740.
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FROM ALPHAFOLD TO PYMOL: EN ABLING SEAM LESS AC CESS TO STRUC TURAL

BIOINFORMATICS TOOLS

S. Rosignoli and A. Paiardini

Sapienza Uni ver sity of Rome, Piazzale Aldo Moro, 00185, Rome
serena.rosignoli@uniroma1.it

AlphaFold [1], the rev o lu tion ary ar ti fi cial in tel li gence sys -
tem de vel oped by Google DeepMind, has ush ered struc -
tural bi ol ogy into a new era with its re mark able pre ci sion in 
pre dict ing pro tein struc tures. How ever, like any pi o neer ing 
tech nol ogy, AlphaFold has en coun tered its fair share of
chal lenges that have driven fur ther in no va tion. These lim i -
ta tions are en tirely jus ti fi able and pre dict able, given the in -
her ently sta tis ti cal na ture of the so lu tion pro posed for the
ab-in itio pre dic tion prob lem. Nev er the less, the mod els
gen er ated by AlphaFold can be mis lead ing if not rig or -
ously scru ti nised. To ad dress this, nu mer ous re search
groups have delved deep into both the al go rithm and its
pre dic tions, seek ing to un cover the var i ous po ten tial ap pli -
ca tions. Con se quently, a mul ti tude of tools [2-6] has
emerged, aim ing to en hance AlphaFold’s pre dic tive ca pa -
bil i ties.

In light of these con straints, our ob jec tive is to
seamlessly in te grate AlphaFold into the PyMOL-PyMod
en vi ron ment [7,8], a well-es tab lished graph i cal in ter face
that sup ports struc tural bioinformatics anal y ses. The de vel -
op ment of a da ta base in dexed with UniProt codes, com -
plete with APIs, has sig nif i cantly broad ened AlphaFold’s
ac ces si bil ity [9], mak ing pre dic tions avail able even in the
ab sence of cut ting-edge com pu ta tional re sources. This in -
te gra tion will em power us to adapt da ta base searches, sup -
ported by PyMod, to AlphaFold mod els, pro vid ing di rect
ac cess to both se quences and struc tures for fur ther ma nip u -
la tion within the PyMOL-PyMod en vi ron ment. Some of
the anal y ses sup ported by PyMod are se quence sim i lar ity
searches, build ing mul ti ple se quence/struc ture align ments,
con struct ing phylo gen etic trees, con duct ing evo lu tion ary
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Fig ure 1. Dy nam i cal cross-cor re la tion (DCC) plots [4] from MD-sim u la tions of unliganded (a) and (GlcNAc)2 –bound (b) and
(GlcNAc)3 –bound vcCBP (c). The strong red and blue colours in di cate pos i tive cor re la tion and neg a tive cor re la tion of atomic move -
ments, re spec tively. The re gion com pris ing a sin gle do main in unliganded vcCBP, hav ing dif fer ent dy nam i cal prop er ties in (GlcNAc)2

–bound (b) and (GlcNAc)3 –bound vcCBP (c) is high lighted by a black line.



con ser va tion anal y ses, pars ing do mains, and mod el ing sin -
gle/multiplechains and loops.

As pre vi ously noted, AlphaFold is con strained to pro -
pos ing pro tein mod els de void of any co factors or lig ands.
This lack is fur ther ex ac er bated by the fact that AlphaFold
al go rithm only slightly ex plores the en tire conformational
space of the pro tein and com pletely ex cludes the po ten tial
in flu ence of interactors in the fold ing mech a nism. In this
sce nario, struc tural su per im po si tions and se quence
searches fa cil i tated by PyMod, will el e gantly en able the
iden ti fi ca tion of plau si ble lig ands for these mod els whilst
tai lored PDB-API que ries will fa cil i tate the iden ti fi ca tion
of al ter na tive pro tein con for ma tions. Im por tantly, these au -
to mat i cally gath ered data will not only of fer a clear vi su al -
iza tion within PyMOL and PyMod but will also be sub ject
to a com pre hen sive anal y sis of their bind ing prob a bil i ties
and the po ten tial in flu ence of these lig ands on the model’s
fold ing.

De spite the sub stan tial ad vance ment rep re sented by
ab-in itio mod els in struc tural pre dic tions, homology-based 
meth ods re main of en dur ing in ter est. How ever, their ap -
proach var ies, as they can be ef fec tively em ployed in con -
junc tion with AlphaFold pre dic tions. This co op er a tive
strat egy shows po ten tial in em pow er ing struc tural bi ol o -
gists to cre ate elab o rate mod els of pro tein com plexes, es pe -
cially when AlphaFold’s pre dic tive abil i ties may have

lim i ta tions in de ter min ing the pre cise ar range ment of do -
mains or multi-sub unit pro teins.

Our pro posal rep re sents a sig nif i cant step for ward in
stream lin ing re search workflows and de moc ra tis ing ac cess 
to cut ting-edge struc tural bi ol ogy tools. This ini tia tive em -
braces the syn ergy be tween AI-driven pre dic tions and
user-friendly open-source plat forms, cre at ing a uni fied and 
eas ily ac ces si ble en vi ron ment. Pymod has a well-es tab -
lished his tory in the con text of ed u ca tion, thus bring ing
these ed u ca tional ben e fits to AlphaFold, which in turn en -
hances its value for in struc tional pur poses as well.

1. J. Jumper et al., Na ture. 596 (2021), 583-589.

2. J. M. Thorn ton et al., Pro tein Sci ence. 31 (2022), 283-289.

3. Lomize, Andrei L et al., Pro tein Sci ence. 31 (2022), e4318.

4. M.L. Hekkelman et al., Na ture. 20 (2023), 205–213.

5. H. Bagdonas et al., Na ture 28, (2021), 869–870.

6. P. Bryant et al., Na ture 13, (2022), 6028.

7. Schrödinger, L., & DeLano, W. (2020). PyMOL. Re trieved 
from http://www.pymol.org/pymol.

8. G. Janson et al., Bioinformatics. 37, (2021), 1471-1472.

9. M. Varadi et al., Nu cleic ac ids re search. 50 (2022),
D439–D44.

Ó Krystalografická spoleènost

200 3D-BioInfo-2023  -  Lec tures Ma te ri als Struc ture, vol. 28, no. 3 (2023)

Fig ure 1. An Over view of PyMod’s in cor po ra tion of AlphaFold-in spired fea tures.
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DESIGN OF NOVEL PEPTIDES TARGETED TO HUMAN PRIMARY AMINE OXIDASE
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Hu man pri mary amine oxidase (hAOC3), a transmembrane 
pro tein on the en do the lium binds the Sialic Acid-bind ing
Im mu no glob u lin-like lectin-9 (Siglec-9) on the leu ko cytes
sur face for the extravasation to the in flam ma tory site [1]
Dur ing in flam ma tory con di tions, hAOC3 is translocated to 
the en do the lial cell sur face and, there fore, a la belled
Siglec-9 pep tide tar get ing spe cif i cally [1]. hAOC3 can be
used to de tect tu mors and acute or chronic in flam ma tory re -
sponse in many dis eases by pos i tron emis sion to mog ra phy
(PET) e.g. rheu ma toid ar thri tis [2]. The aim of this study is
to de sign im proved Siglec-9 pep tide de rived from pep tide
for PET im ag ing and fur ther de velop then for anti-can cer
and anti-in flam ma tory agents.

We have started our study by de sign ing a novel
Siglec-9 pep tide that cor re sponds to the orig i nal phage
pep tide but is sig nif i cantly smaller than the Siglec-9 pep -
tide used for PET-im ag ing [1]. The ex per i men tal bind ing
stud ies show that the de signed pep tide in ter acts with
hAOC3 like the orig i nal phage pep tide (pos i tive con trol)
whereas the mouse Siglec-E pep tide (neg a tive con trol) did
not show any bind ing. In ad di tion to these pep tides, we
have pre dicted the bind ing of even smaller Siglec-9 pep -
tides con tain ing WRG mo tif like the phage pep tide,
Siglec-10 pep tide: con tain ing QRG mo tif, and other re lated 
pep tides by dock ing ex per i ments. The dock ing re sults help
us to un der stand the spe cific bind ing of hu man Siglec-9
pep tide to hAOC3. In ter est ingly, the bind ing sites for the
phage pep tide and the hu man Siglec-9 pep tides co in cide
with the known in hib i tor bind ing site in hAOC3 around
spec i fic ity site (Fig. 1).

1. K. Aalto, A. Autio, E. A. Kiss, K. Elima, Y. Nymalm, T.Z.
Veres, F. Marttila-Ichihara, H. Elovaara, T. Saanijoki, P. R. 
Crocker, M. Maksimow, E. Bligt, T.A. Salminen, M.
Salmi, A. Rovainen and S. Jalkanen, Blood, 118, (2011),
pp. 3725-33.

2. H. Virtanen, A. Autio, R. Siitinen, H. Liljenba¨ck, T.
Saanijoki, P. Lankinen, J. Ma¨kila¨, M. Ka¨kela¨, J. Teuho, 
N. Savisto, K. Jaakkola, S. Jalkanen, and A. Roivainen, Ar -
thri tis Re search & Ther apy, 17, (2015), 308.
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Wouter Boomsma
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Ma chine Learn ing is in creas ingly used to pre dict pro tein
fit ness as a guide for se lect ing prom is ing can di dates in pro -
tein en gi neer ing. It is there fore nat u ral to ask how good
these pre dic tions are, and how much we are able to learn
from one round of ex per i ments to the next. In this talk, I
will dis cuss how dif fer ent as sess ment cri te ria for regressor

per for mance can lead to quite dif fer ent con clu sions, de -
pend ing on the choice of met ric, and the un der ly ing def i ni -
tion of gen er al iza tion. I will also high light is sues of sam ple
bias in typ i cal re gres sion sce nar ios and how this can lead to 
mis lead ing con clu sions about regressor per for mance.
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Fig ure 1. Phage (green) and Hu man (dark blue) Siglec-9 pep tides
dock ing into hAOC3 pro tein. Ac tive site side chain in sticks
lightblue and spec i fic ity site in sticks or ange
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PREDICTION OF BACTERIAL INTERACTOMES BASED ON GENOME-WIDE
COEVOLUTIONARY NETWORKS: AN UPDATED IMPLEMENTATION OF THE

CONTEXTMIRROR APPROACH

Fernandez-Mar tin M., Pontes C., Ruiz-Serra V., Va len cia A.

Bar ce lona Supercomputing Cen ter (Life Sci ences), Plaça d’Eusebi Güell, 1-3, 08034 Bar ce lona
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The bi o log i cal func tion of pro teins is pre served through
co evolu tion and can be quan ti fied by com put ing the sim i -
lar ity be tween the phylo gen etic trees of pairs of pro tein
fam i lies [1]. When the phylo gen etic sim i lar ity is high, it in -
di cates that pro teins are likely to in ter act. How ever, this
sim i lar ity is in flu enced by many fac tors, in clud ing back -
ground evo lu tion. Cur rent co evolu tion-based meth ods
treat pro tein pairs in de pend ently, de spite pro teins in ter act -
ing with mul ti ple oth ers.

The ContextMirror meth od ol ogy eval u ates co evolu tion 
by in te grat ing the in flu ence of ev ery interactor on a given
pro tein pair (coevolutionary net work), pro vid ing more ac -
cu rate pro tein-pro tein in ter ac tion pre dic tions [2]. In our
study, we eval u ate the ContextMirror pipe line, al ready
shown to im prove the pre dic tion of pro tein-pro tein in ter ac -
tions, by pre dict ing pro tein-pro tein in ter ac tions for the full
proteome of Esch e richia coli (4298 pro teins). Pre lim i nary
pre dic tions re veal the po ten tial of this ap proach to im prove
our un der stand ing of pro tein co evolu tion. The true pos i tive 

rate of the top-500 pre dic tions (» 60% ac cu racy) is ap prox -
i mate to other meth ods and com pared to the STRING da ta -
base [3], they map only to high-con fi dent pairs (con fi dent
score > 0.8). The phys i cal compatibilty be tween these pairs 
was con firmed by quan ti fy ing the struc tural PPI in ter face
as the pDockQ score from struc tures mod elled with
AlphaFold-Multimer [4] (Fig ure 1). 

In the cur rent stage of our anal y sis, ContextMirror is
be ing used to pre dict PPI net works for dif fer ent bac te rial
proteomes and to iden tify dif fer ences in their pre dicted
interactomes with po ten tial ap pli ca tions in drug de sign and 
pro tein en gi neer ing.

1. Pazos, F., & Va len cia, A. (2001). Sim i lar ity of phylo gen -
etic trees as in di ca tor of pro tein–pro tein in ter ac tion. Pro tein 
En gi neer ing, De sign And Se lec tion, 14(9), 609-614.

2. Juan, D., Pazos, F., & Va len cia, A. (2008). High-con fi -
dence pre dic tion of global interactomes based on
genomewide.coevolutionary net works. Pro ceed ings Of The 
Na tional Acad emy Of Sci ences, 105(3), 934-939.
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Fig ure 1. Struc tural com pat i bil ity val i da tion for one low-scor ing 
pair (left) and one high scor ing pair (right). No suit able inferface
was ob served (pDockQ = 0.03) for one of the least con fi dent pre -
dic tions (RsmA-SrlR – con fi dence score = -1.3), while a valid in -
ter ac tion (pDockQ = 0.74) was found for the most con fi dent
pre dic tion (UgpA-UgpE – con fi dence score = 1.93).


