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 IN TRO DUC TION TO FEBS, THE FED ER A TION OF EU RO PEAN BIO CHEM I CAL
SO CI ET IES

Mutay Aslan

De part ment of Med i cal Bio chem is try, Fac ulty of Med i cine at Akdeniz Uni ver sity, Antalya, Tur key,
Mem ber in charge of the FEBS Ad vanced Courses Com mit tee

mutayaslan@akdeniz.edu.tr 

I shall in tro duce to all par tic i pants the main ac tiv i ties of
FEBS, The Fed er a tion of Eu ro pean Bio chem i cal So ci et ies.
FEBS is a reg is tered char i ta ble or ga ni za tion ad vanc ing re -
search in the mo lec u lar life sci ences across Eu rope and be -
yond. It was founded in 1964, is self-funded and is made of
39 con stit u ent So ci et ies (i.e., na tional bio chem is try and
mo lec u lar bi ol ogy so ci et ies) that ac count for >35,000
mem bers. Through its var i ous programmes FEBS war rants 
in no va tive and ex ten sive sup port for re search train ing, ed -
u ca tion, in ter ac tion and com mu ni ca tion. For in stance, it
grants FEBS Fel low ships – sti pends sup port ing train ing
and mo bil ity, and a FEBS Ex cel lence Award – funds for
early-ca reer group lead ers. Of note, FEBS sup ports ev ery

year Lec ture Courses (like this FEBS-EMBO Ad vanced
Lec ture Course “Lipids, pro teins and their in ter ac tions in
organelle bi ol ogy”), Prac ti cal Courses, Work shops and
Spe cial Meet ings, in or der to stim u late on a reg u lar ba sis
ed u ca tion, train ing and net work ing among young Eu ro -
pean (and non-Eu ro pean) bio chem ists. Fi nally, I shall re -
mark that a on line fo rum for the mo lec u lar life sci ence
com mu nity is of fered by the FEBS Net work, and that
FEBS wholly ownes high-qual ity, peer-re viewed jour nals
whose in come funds FEBS programmes. As a gen eral ref -
er ence, the FEBS of fi cial website (www.febs.org) should
be vis ited.

Mutay Aslan MD., PhD. com pleted her med i cal res i dency
train ing at Akdeniz Uni ver sity Fac ulty of Med i cine, in Tur -
key. She re ceived her Ph.D. in Bio chem is try and Mo lec u lar 
Ge net ics from the Uni ver sity of Al a bama at Bir ming ham,
in the United States. She is cur rently work ing as Gen eral
Di rec tor of the Clin i cal Lab. at Akdeniz Uni ver sity Hos pi -
tal and is also a lec turer at Akdeniz Uni ver sity Fac ulty of
Med i cine. Prof. Aslan cur rently serves as a mem ber and
was on the Man age ment Com mit tee of EU-COST. Dr.

Aslan has been an in de pend ent ex pert/eval u a tor for the Eu -
ro pean Com mis sion in se lec tion of re search pro pos als and
has also been elected to the Ad vanced Courses Com mit tee
of FEBS for a four-year term. Aslan’s re search fo cuses on
lipoproteins, fatty ac ids and sphingolipids in di a be tes and
can cer.

https://avesis.akdeniz.edu.tr/mutayaslan
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L2

TACK LING THE REPRODUCIBILITY CRI SIS IN SCI EN TIFIC RE SEARCH 

Sara Fuentes

Man ag ing Ed i tor of FEBS Open Bio (on-line)

L3

ALPHAFOLD AND BIO CHEM I CAL CON SID ER ATIONS FOR PRO TEIN CRYS TAL LI ZA TION

Joe Ng

De part ment of Bi o log i cal Sci ences, Uni ver sity of Al a bama in Huntsville, 
Huntsville, AL USA 

AlphaFold [1] is an ar ti fi cial in tel li gence pro gram by
DeepMind that can be used to pre dict a pro tein’s three-di -
men sional struc ture from its known pri mary se quence.  In
many cases, the AlphaFold neu ral net work sys tem pro -
vides some im pres sive ac cu racy with small pro tein mol e -
cules [2].  Even though AlphaFold is show ing great
prom ise for re li able pro tein struc ture pre dic tion, it still falls 
short of pre dict ing the struc tural ar range ments of lig ands,
co factors, metal ions, sol vent in ter ac tions and any types of
post-translational mod i fi ca tions. There fore, ex per i men tal
meth ods us ing X-ray crys tal log ra phy, Cryo-EM or NMR
are still im por tant ne ces si ties.  

Since AlphaFold con cerns only the ar range ments of
amino acid se quences, the pro gram can also be used to pre -
dict the crystallizability of pro teins suit able for X-ray dif -
frac tion.  For ex am ple, ba sic struc tural sym me try ar range -
ments, low-en ergy states, ran dom loops, flex i bil ity [3] and
inter- and intra-mo lec u lar con tacts can be pre dicted us ing
AlphaFold to pro vide as sess ments of crys tal li za tion prob a -

bil ity.  In this work shop, we will pre dict the pro tein
crystallizability by com pu ta tional meth ods com bin ing
AlphaFold/AlphaFold2, XtalPred and bio chem i cal con sid -
er ations.  A pipe line of crys tal li za tion ap proaches will be
dis cussed start ing with bioinformatics strat e gies to prac ti -
cal set-ups [4].  

1. Jumper, J., Ev ans, R. et al.(2021).  Highly ac cu rate pro tein
struc ture pre dic tion with AlphaFold. Na ture. 596:583-589.

2. Rob ert son, A.J., Courtney, J.M., Shen, Y., Ying, J, Bax, 
A. (2021). Con cor dance of x- ray and AlphaFold2 mod els
of SARS-CoV-2 Main pro te ase with re sid ual dipolar cou -
plings mea sured in so lu tion. J. Am. Chem. Soc. 143:
19306-19310.

3. Ma, P., Li, D.W. and Bru¨schweiler, R. (2023).  Pre dict ing
pro tein flex i bil ity with AlphaFold. Pro teins 2023:1-9.

4. Ng, J.D. (2023).  Lab o ra tory work book us ing AlphaFold
and bio chem i cal con sid er ations for pro tein crys tal li za tion. 
Uni ver sity of Al a bama in Huntsville.

L4

IN CELL CRYST - A STRE A MLI NED AP PRO ACH FOR PRO TEIN CRYS TAL LI ZATI ON IN 
LI VING CELLS. 

Lars Redecke 

In sti tute of Bio chem is try, Uni ver sity of Lübeck, Ratzeburger Allee 160, 23538 Lübeck, Ger many, and
Deutsches Elektronen Syn chro tron (DESY), Notkestraße 85, 22607 Ham burg, Ger many

lars.re dec ke@uni-lue beck.de

Dur ing the past de cades, pro tein crys tal li za tion in liv ing
cells has been ob served sur pris ingly of ten in all do mains of
life as a na tive as sem bly pro cess, and emerg ing ev i dence
in di cates that this phe nom e non is also ac ces si ble for re -
com bi nant pro teins [1]. The ad vent of high-bril liance syn -
chro tron sources, X-ray free-elec tron la sers, and im proved
se rial data col lec tion strat e gies has al lowed the use of these
mi crom e ter-sized crys tals for struc tural bi ol ogy [2-7].
Thus, in cellulo crys tal li za tion could of fer ex cit ing new
pos si bil i ties for pro teins in a quasi-na tive en vi ron ment,
com ple ment ing con ven tional crys tal li za tion ap proaches.

This lec ture will pres ent an over view of the cur rent
knowl edge about in cellulo crys tal li za tion of na tive and re -
com bi nant pro teins, com ple mented with a dis cus sion of the 
cur rent method de vel op ments to suc cess fully col lect X-ray
dif frac tion data from intracellular crys tals. Ef forts to sys -
tem at i cally ex ploit liv ing in sect cells as pro tein crys tal li za -
tion cham bers and to stream line this pro cess for struc tural
bi ol ogy re sulted in the es tab lish ment of a pipe line to elu ci -
date the struc tural in for ma tion of in cellulo crys tal lized tar -
get pro teins in short time, de noted as ‘InCellCryst’ [8].
Af ter clon ing of the tar get gene into baculovirus trans fer
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vec tors, the as so ci ated re com bi nant baculoviruses are gen -
er ated to in fect in sect cells, and crys tal for ma tion is de -
tected at day 4 to 6 af ter in fec tion. If intracellular crys tal
- lization is suc cess ful, dif frac tion data are col lected af ter
crys tal iso la tion or di rectly within the liv ing cells us ing re -
cently de vel oped se rial crys tal log ra phy ap proaches at
XFELs [2, 3, 6, 7] or syn chro tron sources [4, 8], de pend ing
on the ob tained crys tal size. How ever, low num bers of
crys tal con tain ing cells within a cell cul ture and lim i ta tions
in crys tal de tec tion tech niques rep re sent the main bot tle -
necks cur rently re strict ing a more broad ap pli ca tion. In no -
va tive ap proaches for di rect time-ef fi cient screen ing of cell 
cul tures us ing X-rays [9] as well as for in sect cell fu sion to
in crease intracellular crys tal size are fi nally pre sented. This 
will al low a more ef fi cient use of crys tal con tain ing cells as
suit able tar gets for struc tural bi ol ogy in the fu ture.

1. Schönherr R, Rudolph JM, Redecke L, Biol Chem 399,
751-772 (2018).

2. Koopmann R, et al., Nat Meth ods 9, 259-262 (2012).

3. Redecke L, et al., Sci ence 339, 227-231 (2013).

4. Gati C, et al., IUCrJ 1, 87-94 (2014).

5. Schönherr R, et al., Struct Dyn 2, 041712 (2015).

6. Nass KN, Redecke L, et al., Nat Commun 11, 620 (2020).

7. Lahey-Rudolph JM, et al., IUCrJ 8, 665-677 (2021).

8. Schönherr R, Boger J, Lahey-Rudolph JM, et al., Nat
Commun. 15, 1709 (2024).

9. Lahey-Rudolph JM, et al., J Appl Crystallogr 53,
1169-1180 (2020).

L5

CRYS TAL LI ZA TION OF MEM BRANE PRO TEINS IN LIPIDIC SYS TEMS

Mar tin Caffrey 

Mem brane Struc tural and Func tional Bi ol ogy Group, Trin ity Col lege Dub lin, Ire land
mar tin.caffrey@tcd.ie

One of the pri mary im passes on the route that even tu ally
leads to mem brane pro tein struc ture through to ac tiv ity and 
func tion is found at the crys tal pro duc tion stage.  Dif frac -
tion qual ity crys tals, with which an atomic res o lu tion struc -
ture is sought, are par tic u larly dif fi cult to pre pare cur rently
when a mem brane source is used.  The rea son for this lies
partly in our lim ited abil ity to ma nip u late pro teins with hy -
dro pho bic/amphipathic sur faces that are usu ally en vel oped 
with mem brane lipid.  More of ten than not, the pro tein gets
trapped as an in trac ta ble ag gre gate in its wa tery course
from mem brane to crys tal.  As a re sult, ac cess to the struc -
ture and thus func tion of tens of thou sands of mem brane
pro teins is lim ited.  The health con se quences of this are
great given the role mem brane pro teins play in dis ease;
blind ness and cys tic fi bro sis are ex am ples.  In con trast, a
ver i ta ble cor nu co pia of sol u ble pro teins have of fered up
their struc ture and valu able in sight into func tion, re flect ing
the rel a tive ease with which they are crys tal lized.  There
ex ists there fore a press ing need for new ways of pro duc ing
crys tals of mem brane pro teins.  In this pre sen ta tion, I will
re view the field of mem brane pro tein crystallogenesis. 
Em pha sis will be placed on crys tal li za tion ap proaches
which make use of the lipidic sys tems.  In my talk I will de -
scribe these meth ods and our prog ress in un der stand ing
how they work at a mo lec u lar level.  The practicalities of
im ple ment ing these meth ods in low- and high-through put
modes will be ex am ined.  A prac ti cal dem on stra tion of the
lipid cu bic phase or in meso method will be given at the
FEBS Lab Excercises on Tues day, June 11.   

Use ful Re fe ren ces and Links

Caffrey, M. 2015. A com pre hen sive re view of the lipid cu -
bic phase or in meso method for crys tal liz ing mem brane
and sol u ble pro teins and com plexes. Acta Cryst. F71, 3-18. 
https://doi.org/10.1107/S2053230X14026843 

Caffrey, M. 2021. Mem brane pro tein crys tal li za tion. In
Pro tein Crys tal li za tion. 3rd Edi tion (Ebook), Bergfors T.
M. (ed.) IUL Bio tech nol ogy Se ries, 10. Chap ter 19, pp
373-410. ISBN: 978-0-9720774-7-7.
https://iul-press.us/product/protein-crystallization-third-edit
ion-ebook/

Caffrey, M., Cherezov, V. 2009.  CrystallizingMembrane
Pro teins In Lipidic Mesophases.  Na ture Pro to cols. 
4:706-731. (PMID: 19390528)
https://www.nature.com/articles/nprot.2009.31 

Caffrey, M., Por ter, C. 2010. Crys tal liz ing mem brane pro -
teins for struc ture de ter mi na tion us ing lipidic mesophases. 
J. Vis. Exp. 45: www.jove.com/index/details.stp?id=1712,
(doi: 10.3791/1712)

Lab Pub li ca tions:
http://www.tcd.ie/Biochemistry/research/publications_mca
ffrey.php 

Sup ported in part by Sci ence Foun da tion Ire land (22/FFP- 
A/10278).
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L6

SYN THETIC MACROCYCLES AS MEDIATORS OF PROTEIN CRYSTALLIZATION

Pe ter B. Crowley

School of Bi o log i cal and Chem i cal Sci ences, Uni ver sity of Galway, Ire land
pe ter.crowley@nuigalway.ie

Of the many in no va tions in pro tein crys tal li za tion, wa ter
sol u ble macrocycles are prov ing use ful. Calixarenes,
crown ethers and cucurbiturils can func tion as “mo lec u lar
glues” that bridge two or more pro tein sur faces, thereby en -
abling as sem bly/crys tal li za tion [1-3]. Sym met ric and
chem i cally-uni form, the macrocycle can mask the pro tein,
sim pli fy ing the sur face fea tures and pro vid ing a ho mog e -
nous scaf fold for as sem bly. Re cent work with
sulfonato-calix[8]arene (sclx8) will be il lus trated, in clud -

ing ex am ples of macrocycle oligomerization and

macrocycle-me di ated pro tein frame works (Fig ure 1).

1. Ramberg, Engilberge, Skorek, Crowley, J. Am. Chem. Soc.

2021, 143, 1896-1907.

2. Ramberg, Crowley, J. Struct. Biol. 2023, 215, 107969.

3. Flood, Mockler, Thureau, Malinska, Crowley, Cryst.
Growth Des. 2024, 24, 2149-2156.

L7

FROM TAR GET STRUC TURES TO DRUGS

Andrea Brancale

UCT Prague, Technická 5, 166 28 Prague 6 - Dejvice, Praha
Czech Re pub lic

Drug dis cov ery is a high-risk, high-gain en ter prise. Com -
puter-aided drug de sign (CADD) helps lower the risk el e -
ment and has now be come an in te gral part of the mod ern
drug dis cov ery pro cess. Among CADD meth od ol o gies,
struc ture-based drug de sign (SBDD) has emerged as a fun -
da men tal ap proach in drug de sign, of fer ing un par al leled
in sights into mo lec u lar in ter ac tions and en hanc ing the ef fi -
ciency of lead op ti mi za tion. SBDD har nesses the three-di -
men sional struc tures of bi o log i cal tar gets, fa cil i tat ing the

ra tio nal de sign of small mol e cules that are able to bind to
them ef fi ciently. This talk will delve into the prin ci ples and
meth od ol o gies of SBDD, il lus trat ing their piv otal roles in
ex pe dit ing drug dis cov ery pro cesses across a spec trum of
ther a peu tic ar eas. Through case stud ies and ad vance ments
in com pu ta tional meth od ol o gies, we will ex plore how
these ap proaches are con trib ut ing to en rich ing the phar ma -
ceu ti cal land scape, driv ing in no va tion, and ul ti mately,
bring ing transformative ther a pies to pa tients in need.
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Fig ure 1. A cu bic co-crys tal struc ture of the 6-bladed â-pro pel ler RSL and sclx8. Pro tein nodes are con nected by trimeric calixarene
links.[3]



L8

THE CHEM IS TRY OF MUSH ROOM MAGIC 
(AND WHY YOU SHOULD NOT LICK TOADS)

Bernhard Rupp

k.-k. Hofkristallamt, Vista, CA 92084, USA
Uni ver sity of Innsbruck, Aus tria

br@hofkristallamt.org

Psy cho ac tive sub stances have been around for ages and
hal lu ci no genic ex pe ri ences are de scribed in many an cient
texts. We will ex plore the his tory, chem is try, and phar ma -
col ogy of var i ous nat u ral and de signer drugs (and find that
crys tal li za tion ex pe ri ence is not en tirely use less in the pro -
cess). We learn that some mush rooms kill, and that kiss ing
of toads or chew ing cacti could en dan ger your health. The
magic mush room hal lu ci no gen Psilocybin, which has a
long his tory of rec re ational use, has also shown some
prom ise in the treat ment of ther apy re sis tant de pres sions
and PTSD. The elu ci da tion of its fun gal biosynthesis pro -
vides a rich tale of crys tal li za tion ad ven tures.   

Dis claimer: Many sub stances dis cussed in this talk and
in the magic king dom of fungi are CONTROLLED
(SCHEDULED) SUBSTANCES, mean ing that their pro -
duc tion, pos ses sion, and con sump tion are VERBOTEN. 
Even for SCIENTIFIC RESEARCH an ex emp tion to pos -
sess and pro duce (also via biosynthesis) any of these con -
trolled sub stances – in clud ing many ba sic pre cur sor
chem i cals – is re quired in al most all ju ris dic tions. 

No toads were hurt dur ing the pro duc tion of this pre -
sen ta tion, and no mush rooms were con sumed dur ing struc -
ture de ter mi na tions. 
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L9

FROM PRO TEIN SO LU TION TO CRYS TALS: NA TURE AND FOR MA TION OF
PRO TEIN CRYS TALS 

Bernhard Rupp

k.-k. Hofkristallamt, Vista, CA 92084, USA
Uni ver sity of Innsbruck, Aus tria

br@hofkristallamt.org

Pro tein crys tal li za tion is the self-as sem bly of pro tein mol e -
cules into an or dered, pe ri odic 3-di men sional struc ture, the
pro tein crys tal. Un for tu nately, pro tein mol e cules are large,
com plex, and dy namic mol e cules, and most pro teins are
there fore dif fi cult to crys tal lize. Three fun da men tal con di -
tions need to be met for a pro tein to self-as sem ble into an
or dered crys tal: (a) the pro tein must be sol u ble, sta ble, and
in her ently crystallizable; (b) we need to find the mac ro -
scopic ther mo dy namic con di tions that al low for ma tion of a  
pro tein rich phase in form of a pro tein crys tal; and (c) con -
trol, at least within lim its, the mi cro scopic ki netic pa ram e -
ters gov ern ing the re al iza tion of the most de sir able
out come of a crys tal li za tion trial: a well-dif fract ing pro tein
crys tal.
In most cases, mod i fi ca tion of the pro tein it self will be nec -
es sary to achieve suc cess ful crys tal li za tion. We will ex am -
ine how fun da men tal physico-chem i cal prop er ties of a
pro tein in flu ence crys tal for ma tion and ap pre ci ate the role
of spe cific prop er ties af fect ing key de ter mi nants such as
sol u bil ity and intermolecular con tacts. To ef fi ciently sam -
ple the al most in fi nite com bi na tions of re agents and en vi -
ron ment pro vid ing the right mac ro scopic con di tions, we

will con cep tu al ize the crys tal li za tion pro cess with the as -
sis tance of crys tal li za tion ‘phase di a grams’ for var i ous
crys tal li za tion tech niques and examine how to proceed
towards optimization and control of crystal growth.

L10

FROM PRO TEIN EX PRES SION AND PU RI FI CA TION TO CRYS TAL LI ZA TION

Sergio Martínez-Rodríguez

Dpto. de Bioquímica y Biología Mo lec u lar III e Inmunología
Universidad de Granada

sergio@ugr.es

Pro tein crys tal li za tion con tin ues be ing a ma jor bot tle neck
in the X-Ray Struc tural Bi ol ogy field, highly de pend ent on
the pro duc tion of abun dant, pure and ho mo ge neous pro tein 
sam ples [1]. Whereas pu ri fi ca tion meth od ol o gies have im -
proved dra mat i cally in the past de cades, pu ri fi ca tion op ti -
mi za tion con tin ues be ing a time-con sum ing multifactorial
pro cess, where fac tors such as (but not lim ited to) pro tein
pro duc tion hosts, re com bi nant con struc tion de sign, lysis
meth ods, pro tein sta bil ity (deg ra da tion, ag gre ga tion pro -
pen sity, thermostability,…) and/or sam ple com po si tion
(pH, ionic strength, tem per a ture, ad di tives,…) play im por -
tant roles [2, 3]. Thus, pro tein sam ple prep a ra tion con tin -

ues be ing of crit i cal con sid er ation for the Struc tural
Bi ol ogy field. Clas si cal and new meth od ol o gies in pro tein
pu ri fi ca tion workflow will be dis cussed, em pha siz ing cru -
cial con sid er ations in the pu ri fi ca tion of pro tein
complexes.

1. McPherson, A. & Gavira, J.A. (2014) Acta Crystallogr F

Struct Biol Commun. 70:2-20.

2. Papaneophytou, C.P. & Kontopidis G. (2014). Pro tein Expr 
Purif. 4:22-32.

3. Papaneophytou C. (2019). Mol Biotechnol.
61(12):873-891.
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L11

CRYS TAL LI ZA TION FOR THE DES PER ATE

Terese Bergfors

Dept. of Cell and Mo lec u lar Bi ol ogy, Bio med i cal Cen ter, Box 596, Uppsala Uni ver sity, 
753 29 Uppsala, Swe den

terese.bergfors@icm.uu.se

Pro tein crys tal li za tion pro jects usu ally have two stages.
The ini tial one in volves screen ing pa ram e ters to find prom -
is ing lead con di tions. Use able crys tals may al ready ap pear
at this stage, but the most typ i cal sce nario is that a sec ond
round of ex per i ments is re quired to op ti mize the po ten tial
leads.  This lec ture will pres ent some of the ma jor con sid er -
ations in choos ing par tic u lar strat e gies or “routes” for
screen ing and op ti mi za tion. How ever, since the path way in 
a crys tal li za tion pro ject of ten con tains dead-ends, the pro -
tein crystallizer also needs to be equipped with a plan for
deal ing with the “de tours”. When it seems that ev ery thing
has failed, what are the op tions left to try?

To ad dress this prob lem, the fol low ing ques tions will
be dis cussed: 

• Can pre-screen ing the pro tein buffer im prove the
pro tein be hav ior in the crys tal li za tion drops?

• How many con di tions should the ini tial screen con -
tain: 150 or 1500?  

• So many crys tal li za tion kits! Which one to choose? 
• Chem i cal space or the ki netic path way: which one

mat ters most?

• How does one rec og nize the kind of leads that are
worth op ti miz ing? For ex am ple, should one try op ti -
miz ing drops with phase sep a ra tion or keep screen -
ing for new con di tions?

This lec ture will an swer these ques tions from the per -
spec tive of an ac a demic lab o ra tory with lit tle au to ma tion
and which works on a lim ited, but very fo cused, group of
tar gets from My co bac te rium tu ber cu lo sis. 

Bergfors, T. M., ed. Pro tein Crys tal li za tion, 3rd Edi tion,
2022, In ter na tional Uni ver sity Press, La Jolla Cal i for nia.

Bergfors, T.M. Screen ing and op ti mi za tion meth ods for
nonautomated crys tal li za tion lab o ra to ries. 2007, Meth ods
in Mo lec u lar Bi ol ogy, vol. 363, 131-152.

L12

HOFMEISTER ION SE RIES AND THE PRO TEIN PHASE DI A GRAM: CON SE QUENCES
FOR SOLUBILIZATION AND CRYS TAL LI ZA TION

Jeroen R. Mesters

In sti tute of Bio chem is try, Uni ver sity of Lübeck, 23538 Lübeck (Ger many)

The higher the supersaturation con cen tra tion of the macro -
molecule, the higher the like li hood smaller nu clei will ad -
vance and sus tain crys tal growth. Ini tial poor sol u bil ity
typ i cally cul mi nates in pre cip i tates or nu mer ous small
crys tals of re duced qual ity. Hence, as a first step on the
road to ob tain ing good crys tals, the pro tein sol u bil ity
should be rig or ously max i mized be fore em bark ing to
evoke supersaturation of the so lu tion by means of tem per a -
ture change, pH shift, poly mer ad di tion or (in verse) salt -
ing-out.

The Hofmeister se ries (1888) pro vides a ba sic but fun -
da men tal tool to ma nip u late on the one hand sol u bil ity and
on the other supersaturation by means of salt ions. Max i -
mally op ti mized states of the pair – sol u bil ity and super -
saturation – are rarely at tain able by ap ply ing one type of
salt only. De pend ing on the pI of the pro tein and the pH of
the sol ute, a more stra te gic choice of salt ions in stead of the
widely used so dium chlo ride is crit i cal for max i mum sol u -
bil ity, namely salts that ac cord ing to the out comes of the
Hofmeister se ries de-sta bi lize the pro tein. Note, de-sta bi li -

za tion in creases flex i bil ity and hence, en dorses en zy matic
ac tiv ity. Fi nally, a salt that sta bi lizes the pro tein has to be
iden ti fied and added in or der to reach supersaturation and
thus suit able nu cle ation and crys tal growth.

Be sides a the o ret i cal over view, the prac ti cal use of the
Hofmeister ion se ries will be ad dressed and ex am ined in
more depth.

Pri mers and Links:

I. J. Drenth, Prin ci ples of Pro tein X-ray Crys tal log ra phy
(Third Edi tion, Chap ter 16), Springer Sci ence+Busi ness

Me dia LLC.

II. A. Ducruix and R. Giegé, crys tal li za tion of nu cleic ac ids

and pro teins, Ox ford Uni ver sity Press.

III. A. McPherson, crys tal li za tion of bi o log i cal

macromolecules, Cold Spring Har bor Lab o ra tory Press.
http://www1.lsbu.ac.uk/water/hofmeister_series.html by
Mar tin Chap lin.
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L13

PRO TEIN CRYS TAL LI ZA TION BY CAP IL LARY COUN TER-DIF FU SION METH ODS

José A. Gavira

Laboratorio de Estudios Cristalográficos, CSIC, Avd. las Palmeras, 4, 18100 Armilla, Spain

j.gavira@csic.es 

Va por dif fu sion and mi cro-batch un der-oil are the most
used tech niques in Struc tural Bi ol ogy lab o ra to ries for pro -
tein crys tal li za tion. In va por dif fu sion tech nique, the slow
evap o ra tion of a drop with a mix ture of pro tein and pre cip i -
tant brings the sys tem to wards the su per sat u rated re gion at
cer tain rate while in batch, pro tein and pre cip i tat ing are
mixed to im me di ate reach a par tic u lar supersaturation
value. Both tech niques have in her ent buoy ancy driven con -
vec tion and con se quently crys tals are grown in a het er o ge -
neous en vi ron ment com pro mis ing uni form crys tal growth
and qual ity [1]. Cha otic mix ing and con vec tion can be re -
duced when crys tal li za tion pro ceed in any me dia with mass 
trans port con trolled by dif fu sion: gels, cap il lar ies,
microfluidic de vices or microgravity. This ef fect can be
achieved with liq uid-liq uid dif fu sion (free-in ter face dif fu -
sion) tech niques in which pro tein and pre cip i tant are al -
lowed to dif fuse one against each other [2]. 

  Among dif fer ent ways to im ple ment this tech nique,
the most ef fec tive con fig u ra tion proven to be use ful for
grow ing macromolecules crys tals is the cap il lary
counterdiffusion (CCD) tech nique. Un like other tech -
niques aimed at find ing ini tial con di tions close to equi lib -
rium, coun ter-dif fu sion looks for ini tial high val ues of
supersaturation thus pro vok ing even the for ma tion of
amor phous pre cip i tates at the ear li est stages of the ex per i -
ment. Then, by us ing a long pro tein cham ber, the tech nique 
ex ploits the si mul ta neous events of dif fu sion and crys tal li -
za tion giv ing rise to a supersaturation gra di ent along the
length of the pro tein cham ber (cap il lary, microfluidic
chan nel, etc.) [2-5].

In this talk we will discuss the effectiveness of coun -
ter- dif fu sion technique not only for improving crystal

quality but also for the search of initial crystallization
conditions when compared with traditional crystallization
technique [6]. 

1. Gavira, J. A. (2016) ABB, 602, 3-11.

2. Gar cia-Ruiz, J. M. (2003) Method. Enzymol. 130-154.

3. Ng, J. D., Gavira, J. A. & García-Ruiz, J. M., (2003) JSB,
142, 218-231.

4. Otálora, F., Gavira, J. A., Ng, J. D. & García-Ruiz, J. M.,
(2009) Prog. in Biophy. and Mol. Biol. , 101, 26-37.

5. De Wijn, Raphaël, et al., IUCrJ, (2019), 6, 454-64.

6. Gon za lez-Ramirez, L., et al., (2017) CG&D, 17, 6780-6.
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CON STRUCT DE SIGN AND LIM ITED PRO TE OL Y SIS STRAT E GIES

Jerome Basquin

Max Planck In sti tute of Bio chem is try, Am Klopferspitz 18, 82152 Martinsried,
basquin@biochem.mpg.de

The crystallisation of pro teins or pro tein com plexes is the
pro cess of form ing a reg u lar net work of in di vid ual
macromolecules sta bi lised by crys tal con tacts. It is rea son -
able to as sume that the more or gan ised and com pact the
mol e cules that make up this net work, the higher the prob a -
bil ity of form ing macromolecular crys tals. Sim i larly, the
chances of per form ing us able dif frac tion ex per i ments are
in creased with com pact macromolecules.  In this talk, we
will try to il lus trate dif fer ent ap proaches to de sign con -
structs on tar get pro teins/pro tein com plexes in or der to turn 

them into fa vour able can di dates for macromolecular
crystallisation. We will re view on line bioinformatics re -
sources that can as sist and guide the de sign of con structs
with high light ing the use of AF2 to de sign pro tein pro tein
com plexes con structs . In ad di tion, lim ited pro te ol y sis is a
very pow er ful ap proach to ob tain more com pact con -
structs. It is a par tic u larly pow er ful tech nique for study ing
pro tein complexes. Several examples will be presented. 

L15

A CRYSTALLOGRAPHER'S GUIDE TO THE GALAXY: STRATEGIES FOR PROTEIN
CRYSTALLISATION USING MOLECULAR DIMENSIONS CRYSTALLOGRAPHY

SCREENS

Paul Driver

Calibre Sci en tific, Inc. Bio tech nol ogy Re search UK
paulrdriver@gmail.com

X-ray crys tal log ra phy is a cor ner stone tech nique in struc -
tural bi ol ogy, re quir ing high-qual ity crys tals to de ter mine
mo lec u lar struc tures with atomic pre ci sion. This talk will
guide at ten dees through the stra te gic se lec tion of
crystallisation con di tions us ing Mo lec u lar Di men sions'
commerical screens. Em pha siz ing prac ti cal ap proaches,
we will ex plore how to op ti mize crystallisation con di tions
to in crease the like li hood of pro duc ing suit able crys tals for

dif frac tion stud ies. By un der stand ing the prin ci ples be hind
crys tal log ra phy screens and le ver ag ing their po ten tial, re -
search ers can sig nif i cantly en hance their suc cess rates in
pro tein crystallisation, pav ing the way for more ac cu rate
and de tailed struc tural anal y ses. This ses sion aims to pro -
vide an in sights to the wide choice of commerically avail -
able screens of fer ing a se lec tion strat egy to achieve
ex cel lence in crystallisation out comes.
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L16

AN A LYZ ING, SCOR ING AND OPTIMIZING CRYS TAL LI ZA TION CON DI TIONS
APPLYING ADVANCED DY NAMIC LIGHT SCAT TER ING (DLS) TECH NIQUES

Karsten Dierks1 Hévila Brognaro2, Susanna Georgyan2 and Chris tian Betzel2,
1XtalConcepts, Schnackenburgerallee 13, 22525 Ham burg, Ger many

2In sti tute of Bio chem is try and Mo lec u lar Biolog, Lab o ra tory for Struc tural Bi ol ogy of In fec tion 
and In flam ma tion, c/o DESY, Build. 22a, Notkestrasse 85, 22607 Ham burg, Ger many

Be side con ven tional sin gle crys tal dif frac tion data col lec -
tion, which ap pre ci ates larger crys tals, to day at mi -
cro-beam syn chro tron (SR) and X-ray Free-Elec tron-La ser 
(XFEL) beamlines mi cro-sized crys tals are pre ferred and
man da tory. Mi cro-sized crys tal sus pen sions are re quired
for the emerg ing tech niques of se rial dif frac tion data col -
lec tion (SX, SSX) and par tic u lar for time re solved data col -
lec tion (TRX) [1]. There fore, re li able meth ods to pre pare,
de tect and score rou tinely mi cro- and nano-sized crys tals
and crys tal sus pen sions are a pre req ui site. In this con text
the un der stand ing of the ini tial steps of a crys tal li za tion
pro cess, in clud ing the early events of phase sep a ra tion and
nu cle ation is of fun da men tal im por tance to suc cess fully
grow and ob tain crys tals and/or crys tal sus pen sions with
ho mo ge neous crys tal di men sions. Ad vanced light scat ter -
ing (DLS) tech niques are most suit able to ob tain in sights
about crys tal li za tion pro cesses to score and op ti mize crys -
tal li za tion of biomolecules [2]. Cor re spond ing DLS pro ce -

dures and tech niques will be pre sented and dis cussed. 
Lat est data and pub li ca tions in di cate that prior to nu cle -

ation a dis tinct phase sep a ra tion of biomolecules can be ob -
served, fol lowed by the tran si tion to higher or der
as sem blies in side these con den sates [3,4,5]. Hence, and
more re cently the nu cle ation pro cess is dis cussed in ten -
sively in the ory and via ex per i men tal re sults [6,7]. DLS
meth ods to ob tain in sights about the ini tial mo lec u lar path -
ways of crys tal nu cle ation will be pre sented for se lected
pro teins, ap ply ing par tic u lar in situ dy namic light scat ter -
ing, small-an gle X-ray scat ter ing and trans mis sion elec tron 

mi cros copy [8,9]. 
As men tioned be fore, as the de sired crys tal di men sions

for se rial ex per i ments, ap ply ing on chip data col lec tion,
tape drive, or jet sam ple/crys tal de liv ery, are to day pref er a -
bly in the up per nanometer or lower mi crom e ter re gime it is 
nec es sary to ap ply and to es tab lish also ap pro pri ate im ag -
ing pro ce dures to mon i tor nano- and mi cro-crys tal sus pen -
sions. We de signed and con structed an im ag ing setup
in clud ing hard ware to de tect sec ond and third har monic

gen er a tion (SHG, THG) sig nals com bined with a UV-flu o -
res cence op tion [10]. This im ag ing sys tem al lows the re li -
able de tec tion of tiny and small crys tals via SHG, even of
nano-sized crys tals with high sym me try and al lows to dis -
tin guish be tween amor phous ma te rial and crys tal line par ti -

cles. 
The com bi na tion of com ple men tary DLS and im ag ing

in stru men ta tion, meth ods, pro ce dures, and ex am ples will

be pre sented.

1. K.H. Nam, Se rial X-ray Crys tal log ra phy, Crys tals, 2022,
12(1), 99.

2. Falke, S., Betzel, Ch., (2019) Ra di a tion in Bioanalysis,
173-193.

3. H. Brognaro, S. Falke, C.N. Mudogo, Ch. Betzel, Multi-Step 
Concavalin A Phase Sep a ra tion and Early Stage Nu cle ation
Mon i tored via Dy namic Light Scat ter ing, Crys tals, 2019, 9.

4. P. G. Vekilov, Dense Liq uid Pre cur sor for the Nu cle ation of
Or dered Solid Phases from So lu tion, Cryst. Growth Des.,
2004 (4), 671–685.

5 M. Wang, A.L. Barra, H. Brognaro, Ch. Betzel, Ex plor ing
Nu cle ation path ways in Dis tinct Physicochemical En vi ron -
ments Un veil ing Novel Op tions to Mod u late and Op ti mize
Pro tein Crystalliazion, Crys tals 2022, 12, 437.

6 F. Zhang, Nonclassical Nu cle ation Path ways in Pro tein
Crys tal li za tion, J. Phys ics Condesn. Mat ter, 2017, 29,
443002

7 D. Gebauer, H. Gölfen, Prenucleation clus ters and non-clas -
si cal nu cle ation, Nano To day, 2011, 6, 564-584.

8 S. Falke H. Brognaro, Ch. Betzel, Lat est In sights and Meth -
ods in An a lyz ing Liq uid Dense Clus ter and Crys tal Nu cle -
ation, Encylopedia An a lyt i cal Chem is try 2019,
https://doi.org/10.1002/9780470027318.a9547

9 R. Schu bert, A. Meyer, D. Baitan, K. Dierks, M. Perbandt
and C. Betzel, Real-Time Ob ser va tion of Pro tein Dense Liq -
uid Clus ter Evo lu tion dur ing Nu cle ation in Pro tein Crys tal li -
za tion, Cryst. Growth Des., 2017 (17), 954–958.

10. Q. Cheng, H.-Y. Chung, R. Schu bert, S.H. Chia, S. Falke,
C.N. Mudogo, F.X. Kärtner, Ch. Betzel, Pro tein Crys tal De -
tec tion with a com pact multimodal multiphoton mi cro scope, 
Comm. Biol., 2020, 3.
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L17

PRO TEIN AS THE MAIN VA RI A BLE IN CRYS TAL LI ZATI ON 

¼u bi ca Ur bá ni ko vá 

In sti tute of Mo lec u lar Bi ol ogy, Slo vak Acad emy of Sci ences, Dubravska cesta 21, 845 51 Bratislava 45, 
Slo vak Re pub lic 

lu bi ca.ur ba ni ko va@sav ba.sk 

Be fore X-ray pro tein crys tal log ra phy was born, crys tal li za -
tion was used to pu rify and /or con firm the pu rity of a pro -
tein sam ple. Now a days, pro tein crys tals are mainly used
for de ter min ing the struc ture by dif frac tion meth ods and,
more re cently, also for ther a peu tic pur poses for de liv er ing
biopharmaceuticals.   

Crys tal li za tion is in flu enced by many physico-chem i -
cal and chem i cal pa ram e ters, the most im por tant of which
is the pro tein it self, its pu rity, ho mo ge ne ity and spe cific
prop er ties, namely its pro pen sity to form crys tals [1]. In the 
past, crys tal li za tion of the same type of pro tein, but iso lated 
from sev eral dif fer ent sources, was rec om mended in case
of un suc cess ful at tempts. Cur rently, in the era of mo lec u lar 
bi ol ogy, ex per i ments are not lim ited by the pres ence of nat -
u ral vari ants, but it is pos si ble to mod ify the pro teins and
pre pare mu tants with an in creased abil ity to form
high-qual ity crys tals. This may in clude pre par ing pro teins
with dif fer ent types of fu sion part ners or tags, re mov ing
their most flex i ble parts (N- and C- ter mini or flex i ble
loops), in creas ing ho mo ge ne ity by mod i fy ing free
cysteines or po ten tial glycosylation sites, re plac ing un fa -
vor able amino-acid res i dues on the sur face of the mol e cule, 
etc. One of the most suc cess ful strat egy of en hanc ing the
crystallizability of pro teins is mutational sur face en gi neer -
ing based on the re duc tion of sur face en tropy [2,3]. 

Sta tis tics from struc tural genomics pro jects show that
the suc cess rate of high-through put crys tal li za tion is only
10-30%. Ex per i men tally and more or less ac ci den tally, in -
ter est ing pro teins show ing a high ten dency to crys tal for -

ma tion were also dis cov ered. The best known is lysozyme,
which is used as a model pro tein for the study of crys tal li -
za tion. A num ber of other pro teins were found that were
pres ent as pro tein im pu ri ties in con cen trated so lu tions of
the in ves ti gated pro teins, but un ex pect edly crys tal lized,

thereby com pli cat ing the so lu tion of the struc ture [4]. For
early iden ti fi ca tion of un wanted crys tal lized pro tein con -
tam i nants, the ContaMiner web server and the ContaBase
con tam i nant da ta base were cre ated [5].

The re quire ment of pro tein pu rity and ho mo ge ne ity
will be dis cussed and em pha sized. The ef fect of pro tein
mod i fi ca tions on its crys tal li za tion and/or crys tal pack ing
and qual ity will be doc u mented based on re sults ob tained
in our lab o ra tory and ex am ples from the lit er a ture. Some
ra tio nal ap proaches and strat e gies aimed at in creas ing pro -

tein crystallizability will be pre sented.

1. Dale G.E., Oefner C., D’Arcy A. (2003) J. Struct. Biol.
142, 88-97.

2. Derewenda, Z.S. (2004) Struc ture 12: 529-535.

3. Goldschmidt L., Coo per D.R., Derewenda Z.S., Eisenberg
D. (2007) Pro tein Sci. 16: 1569-1576.

4. Niedzialkowska E., Gasi o rows ka O., Han ding K.B., Ma jo -
rek K.A., Po reb ski P.J., Sha ba lin I.G., Za sad zin ska E.,
Cym bo rowski M., Minor W. (2016) Pro tein Sci. 25:
720-733.

5. Hungler A., Mo min A., Die de ri chs K., Arold S.T. (2016) J. 
Appl. Cryst. 49: 2252-2258.

L18

UN CON VEN TIONAL CRYS TAL LI ZA TION STRAT E GIES AND TECH NIQUES FOR
SCREEN ING AND OP TI MI ZA TION

 Lata Govada and Na omi E. Chayen

 Biomolecular Med i cine, De part ment of Sur gery and Can cer, Fac ulty of Med i cine, Im pe rial Col lege Lon don,
Lon don SW7 2AZ, UK

n.chayen@im pe rial.ac.uk

All pre scrip tion drugs on the mar ket to day, which ac count
for bil lions of pounds in an nual sales world wide, di rectly
or in di rectly tar get pro teins. Pro tein func tions are de ter -
mined by their three-di men sional struc tures, hence de tailed 
un der stand ing of pro tein struc ture is es sen tial for ra tio nal
de sign of ther a peu tic treat ments. Ex am ples in clude can cer,
obe sity, car dio vas cu lar dis or ders, au to im mune dis eases
and a mul ti tude of other ail ments. 

The most pow er ful method for de ter min ing the struc -
ture of pro teins is X-ray crys tal log ra phy which is to tally re -
li ant on the avail abil ity of high qual ity crys tals, but
pro duc ing use ful crys tals has al ways been, and still re -
mains, the bot tle neck to struc ture de ter mi na tion. 

There is no ‘magic bul let’ that will guar an tee the yield
of good crys tals, hence ra tio nal ap proaches lead ing to the
de vel op ment of new and im proved tech nol o gies for ob tain -
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ing high qual ity crys tals is of cru cial im por tance to
progress.

This talk will pres ent strat e gies for in creas ing the
chances of suc cess and high light a va ri ety of prac ti cal
meth ods that re sulted in suc cess ful crys tal li za tion in cases
where stan dard pro ce dures have failed. The meth ods in -
volve ac tive in flu ence and con trol of the crys tal li za tion en -
vi ron ment, in or der to lead crys tal growth to the de sired
re sult. Many of the tech niques can be au to mated and
adapted to high through put mode and sev eral have been
pat ented and com mer cial ised. 

1. Chayen and Saridakis (2008) Na ture Meth ods 5, 147-153.

2. Chayen, Helliwell and Snell Macromolecular Crys tal li za -
tion and Crys tal Per fec tion, Ox ford   Uni ver sity Press, Ox -
ford, UK (2010).

3. Saridakis et al. (2011) Proc. Natl. Acad. Sci. U.S.A. 108,
11081-11086.

4. Khurshid et al. (2014) Na ture Pro to cols 9,Pages:
1621–1633.

5. Govada et al. (2016) Sci en tific Re ports Na ture Pub lish ing
Group 6:20053.

6. Nanev et al. (2017) Sci en tific Re ports Na ture Pub lish ing
Group 7:35821.

7. Khurshid et al (2018) IUCrJ 5, 439–448.

8. Govada L. and Chayen N.E. (2019) Crys tals 9 (2), 106. 

9.  Li et al (2019) Crys tals 9 (9), 462.

10. Govada et al (2021) IUCrJ 8, 678–683.

11. Govada, L. and Chayen, N.E. (2023) J Mus cle Res Cell
Motil

12.
http://quicktech.imperialinnovations.co.uk/i/materials/CR
MIP.html

L19

MICROFLUIDICS IN AC TION: CRYS TAL LI ZA TION AND CRYS TAL LOG RA PHY
IN MICRO CHIPS

Claude Sauter

Ar chi tec ture et Réactivité de l’ARN, Université de Strasbourg,

Institut de Biologie Moléculaire et Cellulaire (IBMC – CNRS)
2 allée Conrad Roent gen, 67084 Strasbourg, France

c.sauter@ibmc-cnrs.unistra.fr

Two de cades ago microfluidic tech nol o gies opened new
pos si bil i ties for the crys tal li za tion of bi o log i cal macro -
molecules. In deed, microfluidic sys tems of fer a lot of ad -
van tages for crys tal growth: they en able an easy han dling
of nano-vol umes of so lu tions as well as an ex treme min ia -
tur iza tion and parallelization of crys tal li za tion as says. In
ad di tion they pro vide a con vec tion-less en vi ron ment a pri -
ori fa vor able to the growth of high qual ity crys tals. Pi o neer 
ex am ples im ple ment ing free in ter face dif fu sion and
nano-batch (Hansen et al. 2002; Zheng et al. 2004) crys tal -
li za tion in microfluidic chips have al ready dem on strated
the value of this tech nol ogy, es pe cially for high through put 
screen ing ap pli ca tions in struc tural genomics.

Ex am ples of microfluidic de vices avail able on the mar -
ket or in de vel op ment will be de scribed to il lus trate how
dif fer ent steps of a struc tural study can be car ried out ‘on
chip’ from the crys tal li za tion to the ob ser va tion of crys tals
and their char ac ter iza tion us ing syn chro tron ra di a tion
(Sauter et al. 2007; de Wijn et al. 2019). The per spec tive of
us ing af ford able microfluidic chips for screen ing best crys -
tal li za tion agents and for au to mated X-ray dif frac tion anal -
y sis and their complementarity with con ven tional
crys tal li za tion set ups will be dis cussed.

Hansen CL, Skordalakes E, Berger JM, Quake SR (2002).
A ro bust and scal able microfluidic me ter ing method that
al lows pro tein crys tal growth by free in ter face dif fu sion.
PNAS 99, 16531-6.  

Zheng B, Tice JD, Roach LS, Ismagilov RF (2004). A
drop let-based, com pos ite PDMS/glass cap il lary

microfluidic sys tem for eval u at ing pro tein crys tal li za tion
con di tions by microbatch and va por-dif fu sion meth ods
with on-chip X-ray dif frac tion. Angew Chem Int Ed Engl.
43, 2508-11.

Sauter C, Dhouib K & Lorber B. (2007). From
macrofluidics to microfluidics in the crys tal li za tion of bi o -
log i cal macromolecules. Crys tal Growth De sign 7,
2247-50.

de Wijn R., Hennig O., Roche J., Engilberge S., Rollet K.,
Fernandez-Millan P., Brillet K., Betat H., Mörl M., Roussel 
A., Gi rard E., Mueller-Dieckmann C., Fox G.C., Oliéric
V., Gavira J.A., Lorber B. & Sauter C. A sim ple and ver sa -
tile microfluidic de vice for ef fi cient biomacromolecule
crys tal li za tion and struc tural anal y sis by se rial crys tal log ra -
phy. IUCrJ (2019), 6: 454–464.
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L20

WHAT’S THIS IN MY DROP? INTERPRETATION OF CRYSTALLIZATION
PHENOMENA

Terese Bergfors

Dept. of Cell and Mo lec u lar Bi ol ogy, Bio med i cal Cen ter, Box 596, Uppsala Uni ver sity, 
753 29 Uppsala, Swe den

terese.bergfors@icm.uu.se

The crys tal li za tion drop is full of in for ma tion for the per -
son who knows what to look for.  How ever, for the in ex pe -
ri enced ob server, the in ter pre ta tion of the phe nom ena in
the crys tal li za tion drop is not al ways a straight for ward pro -
cess.  While it is some times easy to rec og nize a crys tal,
what about all those other solid phases of pro teins like oils,
pre cip i tates, spheru lites, and gels? Are they worth op ti miz -
ing, or should one con tinue screen ing for new con di tions?
What does it mean when the pro tein “oils out”?   What does 
phase sep a ra tion look like and how does it af fect the out -

come of the ex per i ment?  How can you rec og nize a prom is -
ing pre cip i tate from a “bad” one?  What are the best types
of crys tals to use as seeds?  

This lec ture will give pres ent pic to rial ex am ples of the
most com monly en coun tered re sults in crys tal li za tion
drops and dis cuss 1) how to rec og nize the dif fer ent phe -
nom ena, and 2) what to do with them.    

The pic to rial li brary of crys tal li za tion drop phe nom ena
and vid eos can be ac cessed at: xray.teresebergfors.com.
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MICROSEED MA TRIX SCREEN ING AND ITS USE IN STRUC TURE BASED DRUG
DIS COV ERY

May Marsh Sharpe

Paul Scherrer In sti tute, Swit zer land
may.sharpe@psi.ch

Pro tein crys tals ob tained in ini tial screens typ i cally re quire
op ti mi za tion be fore they are of X-ray dif frac tion qual ity.
Seed ing is one such op ti mi za tion method. In clas si cal seed -
ing ex per i ments, the seed crys tals are put into new, al beit
sim i lar, con di tions. The past de cade has seen the emer -
gence of an al ter na tive seed ing strat egy: microseed ma trix
screen ing (MMS). In this strat egy, the seed crys tals are
trans ferred into con di tions un re lated to the seed source.  

MMS can op ti mise crystallisation start ing from many
kinds of crys tal line ag gre gate, can ex pe dite the search for
new crys tal forms, and can al low the crystallisation of pre -
vi ously un crys tal lis able mu tants or com plexes.  

In this pre sen ta tion I will give an in tro duc tion to MMS,
and show ex am ples of its suc cess ful ap pli ca tion to a wide
va ri ety of real-life crystallisation pro jects in in dus try and
ac a de mia. I will also show how the method is par tic u larly
valu able in op ti mis ing crys tals sys tems for the de mands of
crys tal-based frag ment screen ing.

D’Arcy, A., Bergfors, T., Cow an-Ja cob, S. W., &
Marsh, M. (2014). Microseed ma trix screen ing for
op ti mi za tion in pro tein crys tal li za tion: what have we
learned? Acta Crystallographica Sec tion F: Struc -
tural Bi ol ogy Com mu ni ca tions, 70(9), 1117–1126.
https://doi.org/10.1107/S2053230X14015507.

D’Arcy, A., Villard, F., & Marsh, M. (2007). An au to -
mated microseed ma trix-screen ing method for pro tein crys -
tal li za tion. Acta Crystallographica Sec tion D: Bi o log i cal
Crys tal log ra phy, 63(4), 550–554.

https://doi.org/10.1107/S0907444907007652

Stegmann, D. P., Steuber, J., Fritz, G., Wojdyla, J. A., &
Sharpe, M. E. (2023). Fast frag ment and com pound screen -
ing pipe line at the Swiss Light Source. In Meth ods in
Enzymology (Vol. 690, pp. 235–284). Elsevier.
https://doi.org/10.1016/bs.mie.2023.08.005
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SAM PLE PREP A RA TION FOR ROU TINE AND AD VANCED STRUC TURAL BI OL OGY,
IN CLUD ING SE RIAL DATA COL LEC TION, MICROED, AND CRYOEM

Pat rick D. Shaw Stew art, Stefan A. Kolek, Jack Stubbs, Pe ter Baldock

Douglas In stru ments Ltd, Douglas House, East Garston, Berk shire, RG17 7HD, UK 

Se rial data col lec tion and microED tech niques usu ally
re quire “slur ries” of tiny, well-or dered crys tals.  Neu tron
dif frac tion re quires very large sin gle crys tals. 
Microseeding ef fec tively gen er ates such sam ples since the
seed stock can be con cen trated or di luted as nec es sary. 
Dur ing the 16 years since the ran dom microseed ma -
trix-screen ing (rMMS) method was pub lished, un der stand -
ing of the the o ret i cal ad van tages of the method has
in creased, and sev eral prac ti cal vari a tions of the tech nique
have emerged.  More over, seed ing can be car ried out in a
microbatch-un der-oil setup, which has two im por tant ad -
van tages: (1) eas ily in ter preted phase di a grams can be con -
structed in a few min utes; (2) batch ex per i ments are easy to
scale up.  We pres ent case stud ies us ing these ap proaches
to in crease con trol and crys tal qual ity for rou tine and ad -
vanced data col lec tion.

Pro tein struc ture de ter mi na tion by cryo-EM re quires
ex pen sive equip ment that has low through put.  It is, there -
fore, waste ful to ex am ine sam ples that can be shown in ad -
vance to be ag gre gated since such sam ples are un likely to
be suit able.  We used a high-through put screen ing ap -
proach with dy namic light scat ter ing to ex plore 96 chem i -
cal con di tions, with as lit tle as 10 µL of pro tein so lu tion in
to tal, to iden tify con di tions with re duced ag gre ga tion.

1. D’Arcy, Allan, Frederic Villard, and May Marsh. “An au -
to mated microseed ma trix-screen ing method for pro tein
crys tal li za tion.” Acta Crystallographica Sec tion D: Bi o log -
i cal Crys tal log ra phy 63.4 (2007): 550-554.

2. Shaw Stew art, Pat rick D., et al. “Ran dom microseeding: a
the o ret i cal and prac ti cal ex plo ra tion of seed sta bil ity and

seed ing tech niques for suc cess ful pro tein crys tal li za tion.”
Crys tal Growth & De sign 11.8 (2011): 3432-3441.

3. D’Arcy, A., Bergfors, T., Cow an-Ja cob, S. W., & Marsh,
M. (2014). Microseed ma trix screen ing for op ti mi za tion in
pro tein crys tal li za tion: what have we learned? Acta
Crystallographica Sec tion F: Struc tural Bi ol ogy Com mu ni -
ca tions, 70(9), 1117-1126.

4. Shaw Stew art, P., & Mueller-Dieckmann, J. (2014). Au to -
ma tion in bi o log i cal crys tal li za tion. Acta Crystallographica 
Sec tion F: Struc tural Bi ol ogy Com mu ni ca tions, 70(6),
686-696.

5. Obmolova, G., Malia, T. J., Teplyakov, A., Sweet, R. W.,
& Gilliland, G. L. (2014). Pro tein crys tal li za tion with
microseed ma trix screen ing: ap pli ca tion to hu man germline 
an ti body Fabs. Struc tural Bi ol ogy and Crys tal li za tion
Com mu ni ca tions, 70(8).

6. Abuhammad, Areej, et al. “Struc ture of aryla mine
N-acetyltransferase from My co bac te rium tu ber cu lo sis de -
ter mined by cross-seed ing with the ho mol o gous pro tein
from M. marinum: tri umph over ad ver sity.” Acta
Crystallographica Sec tion D: Bi o log i cal Crys tal log ra -
phy 69.8 (2013): 1433-1446.

7. Kolek, S. A., Bräuning, B., & Shaw Stew art, P. D. (2016).
A novel microseeding method for the crys tal li za tion of
mem brane pro teins in lipidic cu bic phase. Acta
Crystallographica Sec tion F: Struc tural Bi ol ogy Com mu ni -
ca tions, 72(4), 307-312.

8. Falke, S., Dierks, K., Blanchet, C., Graewert, M., Cipriani,
F., Meijers, R., Svergun, D. and Betzel, C., 2018.
Multi-chan nel in situ dy namic light scat ter ing in stru men ta -
tion en hanc ing bi o log i cal small-an gle X-ray scat ter ing ex -
per i ments at the PETRA III beamline P12. Jour nal of
syn chro tron ra di a tion, 25(2).
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US ING FLU O RES CENCE TO FIND YOUR CRYS TALS

Crissy L. Tarver

 Uni ver sity of Al a bama in Huntsville, Huntsville, AL.  
clt0005@uah.edu

A wide va ri ety of crys tal li za tion so lu tions are screened to
es tab lish con di tions that pro mote the growth of a dif frac -
tion-qual ity crys tal. Screen ing these con di tions re quire the
as sess ment of many crys tal li za tion plates for the pres ence
of crys tals. A range of op ti cal tech niques and au to mated
sys tems for screen ing are avail able. One dis ad van tage of
some au to mated im ag ing sys tems is the need for cer tain
char ac ter is tics, such as the pres ence of tryptophan, for
crys tal de tec tion. An other dis ad van tage is the cost of the
in stru men ta tion, which is typ i cally greater than $50,000.  

We have de vel oped a vis i ble flu o res cence ap proach
that can give un am big u ous macromolecule crys tal de tec -
tion and have now cou pled it to a smartphone-based im ag -
ing method [1] that can be im ple mented for as low as
$25-$35. Since the method uses trace flu o res cent la bel ing
(TFL) [2] with vis i ble wave length flu o res cent probes, one
can use dif fer ent col ors for the im ag ing of com plexes as the 
pres ence of each color in the crys tal be ing ver i fi ca tion that
those mol e cules are pres ent. The TFL method in volves the
co va lent at tach ment of a flu o res cent dye to ~0.1 to 0.5 % of 
the pro tein mol e cules and has been shown to not af fect

crys tal nu cle ation or dif frac tion qual ity at these lev els.[3]
The im ages give a di rect in di ca tion of what the pro tein is
do ing in re sponse to each screen ing con di tion as only the
macromolecule has flu o res cent probe at tached to it. 

There are sev eral ad van tages of the TFL tech nique for
de tect ing crys tals. The abil ity to dis tin guish salt crys tals
from macromolecule crys tals, fa cil i tat ing the anal y sis of
screen ing re sults, and the low-cost of im ag ing. This ap -
proach can be used for the im ag ing of pro tein com plexes,
which can save beam time. 

1. Crissy L. Tarver and Marc Pusey (2017).  A low-cost
method for vis i ble flu o res cence im ag ing.  Acta Cryst. F
73:657-663.   

2. Marc Pusey, Jorge Barcena, Michelle Mor ris, Anuj
Singhal, Qunying Yuan, and Jo seph Ng (2015).  Trace flu -
o res cent la bel ing for pro tein crys tal li za tion. 

3. Eliz a beth Forsythe, Aniruddha Achari, and Marc L. Pusey
(2006).  Trace flu o res cent la bel ing for high-through put
crys tal log ra phy.  Acta Cryst. D 62:339-346.

L24

ANAL Y SIS OF PRO TEIN CRYS TAL LI ZA TION SCREEN ING RE SULTS

Marc L. Pusey

Dept. of Chem is try, Uni ver sity of Al a bama in Huntsville

Hav ing a crys tal is a de fin ing re quire ment for struc ture de -
ter mi na tion by crys tal log ra phy. Be yond events such as this
work shop, pro teins do not come with in struc tion man u als
at tached that clearly de lin eate how to go about ob tain ing
such an out come. As a re sult one must carry out an ex per i -
men tal pro gram with the goals of pro duc ing the re quired
crys tal(s). The crys tal li za tion pro cess can be bro ken down
into sev eral stages. First is the screen ing pro cess, which by
def i ni tion is where the pri mary pa ram e ters for a given sys -
tem are iden ti fied. Al though it of ten is, this is not meant to
be the pri mary pro cess by which crys tals are ob tained. For
pro teins this is where we (hope fully) re duce hun dreds of
pa ram e ters down to a more trac ta ble num ber. Anal y sis of
the screen ing re sults is where this re duc tion oc curs. The
screen ing pro cess as likely as not does not give any clear
crys tal line out comes, and as a re sult we pro ceed to an anal -

y sis stage to try and ex tract crys tal li za tion con di tions from
these ap par ently dis mal re sults. The anal y sis pro cess is
used to gen er ate test con di tions for the pro duc tion of crys -
tals, the sec ond stage of the crys tal li za tion pro cess. This
pre sen ta tion will cover sev eral of these anal y sis method
which were de vel oped in col lab o ra tion with com puter sci -
en tists. We are work ing on im ple ment ing these on a server
for broad com mu nity ac cess. Ad di tion ally, we are in ves ti -
gat ing cor re lat ing the pro tein sur face amino acid com po si -
tion with suc cess ful crys tal li za tion cock tail com po nents.
The start ing pur pose of this is to add an other pre dic tive pa -
ram e ter to the above anal y sis pro cesses. The sec ond ary,
lon ger term, pur pose is to be gin ex plor ing meth ods for pre -
dict ing likely pro tein crys tal li za tion conditions.
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FRAG MENT-SCREEN ING BY CRYS TAL LOG RA PHY AT THE HZB: WORKFLOW,
TOOLS AND PRO CE DURES

Manfred S. Weiss

Helmholtz-Zentrum Berlin fur Materialien und Energie Macromolecular Crys tal log ra phy (PS-GMX), Al -
bert-Ein stein-Str. 15, D-12489 Berlin, Ger many

Tel.: +49-30-8062-13149,
msweiss@helmholtz-berlin.de

Frag ment screen ing is a tech nique that helps to iden tify
prom is ing start ing points for ligand de sign. Given that suit -
able crys tals of the pro tein of in ter est are avail able and ex -
hibit reproducibly good X-ray dif frac tion prop er ties, X-ray 
crys tal log ra phy is now a days the pre ferred method for frag -
ment screen ing, be cause - in ad di tion to a sim ple yes/no an -
swer with re spect to bind ing - it pro vides de tailed 3D
in for ma tion of the bind ing mode. In the pre sen ta tion, the
com plete prac ti cal workflow and the in cluded tools on how 
to con duct a crys tal lo graphic frag ment screen ing cam paign 

at the BESSY II syn chro tron ra di a tion fa cil ity at the
Helmholtz-Zentrum Berlin (HZB) are pre sented. This in -
cludes the use of a suit able li brary, the use of spe cial tools
for the han dling of many crys tals with ease and re li ably, au -
to mated fa cil i ties for dif frac tion data col lec tion and pro -
cess ing as well as au to mated struc ture re fine ment and
ligand iden ti fi ca tion. Also, glimpses will be pro vided in
how to evolve the ini tial frag ment hits into more tightly

bind ing com pounds.

L26

IN TRO DUC TION TO SIN GLE PAR TI CLE ANAL Y SIS BY CRYO-EM

Oksana Degtjarik

Uni ver sity of Leeds, Astbury Cen ter for Struc tural Mo lec u lar Bi ol ogy
degtjarik648@gmail.com

Cryo-elec tron mi cros copy (cryo-EM) has emerged as a
pow er ful tool for vi su al iz ing bi o log i cal mol e cules at
near-atomic res o lu tion. Now a days, Cryo-EM has three
main di rec tions: sin gle par ti cle cryo-EM, cryo-elec tron to -
mog ra phy, and microcrystal elec tron dif frac tion. Sin gle
par ti cle cryo-EM anal y sis (SPA) en ables study of in di vid -
ual par ti cles, such as pro teins and macromolecular com -

plexes, in their na tive state. This talk will cover the
prin ci ples and meth od ol o gies of SPA by cryo-EM, ex plore
the SPA workflow, start ing from sam ple vit ri fi ca tion and
im age ac qui si tion to data pro cess ing. Ad di tion ally, we’ll
dis cuss neg a tive stain TEM as a com ple men tary tech nique, 
and high light the ad van tages, chal lenges, and re cent ad -
vance ments in cryo-EM.
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SAM PLE PREP A RA TION FOR SIN GLE-PAR TI CLE CRYO-ELEC TRON MI CROS COPY

Iuliia Iermak

In sti tute of Pan cre atic Is let Re search, Helmholtz Zentrum München, Uni ver sity Hos pi tal–Fac ulty of Med i cine
Carl Gustav Carus, Technische Universitat Dresden, Dresden, Ger many

High-res o lu tion struc ture de ter mi na tion by sin gle-par ti cle
anal y sis (SPA) in cryo-EM is highly de pend ent on suc cess -
ful sam ple prep a ra tion, just as in X-ray crys tal log ra phy, al -
though the sam ple re quire ments are dif fer ent. Ide ally, the
macromolecules or their com plexes to be an a lyzed should
be uni form in size, evenly dis trib uted in the vit re ous ice on
the cryo-EM grid, and be rep re sented a va ri ety of ori en ta -
tions.

The first step to suc cess fully pre pare a sam ple for
cryo-EM is to en sure the ho mo ge ne ity and sta bil ity of the
macromolecular com plex in the bulk so lu tion by op ti miz -
ing the buffer com po si tion and ver i fy ing the size of the
com plex us ing size ex clu sion chro ma tog ra phy or light
scat ter ing tech niques. Fur ther steps may in clude the search
for lig ands, ad di tives, and other com po nents of the com -
plex, as well as chem i cal crosslinking to sta bi lize the com -
plex.

The pro cess of pre par ing cryo-EM grids, how ever, can
be quite harm ful to macromolecules and their com plexes
(1). For ex am ple, macromolecules can be dam aged by the
shear forces that oc cur dur ing the re moval of ex cess sam ple 
from the grid. As a re sult, fewer in tact par ti cles and more
het er o ge neous par ti cles will re main. An other com mon

prob lem is the de na tur ation of pro teins at the air-wa ter in -
ter face, which leads to more ar ti facts such as ag gre ga tion,
pref er en tial ori en ta tion of pro tein mol e cules, and even the
ab sence of in tact par ti cles (3).

In this lec ture, we will re view gen eral sam ple prep a ra -
tion con sid er ations, the most com mon prob lems en coun -
tered in cryo-EM grid prep a ra tion (1-3), and the
op ti mi za tion tech niques used to over come them. These in -
clude cross-link ing com plexes for sta bi li za tion, add ing
sur fac tants to block the air-wa ter in ter face, and us ing grids
with sup port films. 

1. Glaeser, R. M. (2018). Pro teins, in ter faces, and cryo-EM
grids. Cur rent opin ion in colloid & in ter face sci ence, 34,
1-8.

2. Weissenberger, G., Henderikx, R. J., & Pe ters, P. J. (2021). 
Un der stand ing the in vis i ble hands of sam ple prep a ra tion
for cryo-EM. Na ture Meth ods, 18(5), 463-471.

3. Glaeser, R. M. (2021). Pre par ing better sam ples for
cryo–elec tron mi cros copy: Bio chem i cal chal lenges do not
end with iso la tion and pu ri fi ca tion. An nual Re view of Bio -
chem is try, 90, 451-474.

L28

AD VANCE MENTS IN IM AG ING TECH NOL O GIES AND MI CROS COPY: EX PLOR ING
THE IN VIS I BLE WORLD WITH NIKON AND NANOLIVE

 Barbora Kobidová, Zbynìk Halbhuber

Altium In ter na tional s.r.o, Na Jetelce 69/2, 190 00 Prague 9, Czech Re pub lic
zbynek.halbhuber@hpst.cz

The rapid ad vance ments in im ag ing tech nol o gies have rev -
o lu tion ized the field of life sci ences, en abling un prec e -
dented in sights into bi o log i cal pro cesses at the cel lu lar and
mo lec u lar lev els. Nikon's broad scale of tech nol o gies al -
lows re search ers to tar get many ap pli ca tions. The mi cro -
scopes known for their pre ci sion, ver sa til ity and high-
res o lu tion ca pa bil i ties fa cil i tate de tailed ex am i na tion of bi -
o log i cal spec i men. With cut ting-edge op ti cal tech nol o gies
and ad vanced flu o res cence fea tures they rep re sent a sig nif -
i cant ad vance ment in the field of bi o log i cal and med i cal re -

search, of fer ing high-res o lu tion, real-time vi su al iza tion of
dy namic pro cesses within liv ing cells and tis sues.

In par al lel, the Nanolive ho lo graphic mi cro scope rep re -
sents a ground break ing ap proach to live-cell im ag ing. Uti -
liz ing a non-in va sive, la bel-free tech nol ogy, it cap tures
high-con trast, three-di men sional im ages of liv ing cells,
pro vid ing in sight into cell mor phol ogy, growth and in ter -
ac tions with out the need for dyes or mark ers. 
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PREP A RA TION OF PRO TEIN SAM PLES FOR CRYS TAL LI ZA TION EX PER I MENTS

Pavlína Øezáèová

In sti tute of Mo lec u lar Ge net ics, In sti tute of Or ganic Chem is try and Bio chem is try, Acad emy of Sci ences of the 

Czech Re pub lic, Prague 
rezacova@img.cas.cz

Pro tein crys tal li za tion is a pro cess in flu enced by large
num ber of var i ous fac tors.  Prop erty of the pro tein sam ple
is among the im por tant and be longs to fac tors the crystal -
lizer (mostly) can con trol. Prep a ra tion and char ac ter iza tion 
of the pro tein sam ple be fore ex per i ment thus play a cru cial
role in pro tein crys tal li za tion.

In the lec ture, the most widely used tech niques to eval -
u ate pro tein sam ple pu rity and qual ity be fore crys tal li za -
tion ex per i ments will be re viewed and dis cussed. For
crys tal li za tion tri als highly pure and ho mo ge neous pro tein
sam ple is usu ally rec om mended, how ever, if larger amount 
of pro tein is avail able ‘im pure’ pro tein sam ple can be also
screened. Guide lines and tips for pro tein han dling be fore
crys tal li za tion tri als will be ad dressed. 

Com mon meth ods to an a lyze pro tein pu rity and sta bil -
ity will be de scribed: (a) SDS polyacrylamide gel elec tro -
pho re sis (PAGE), (b) na tive PAGE, (c) isoelectric
fo cus ing, (d) size ex clu sion chro ma tog ra phy (gel fil tra -
tion), (e) mass spec trom e try, (f) dy namic light scat ter ing
(DLS), and (g) dif fer en tial scan ning fluorimetry (DSF). 

Rec om mended pro tein con cen tra tion for ini tial crys tal -
li za tion screen ing is in range of 5 - 20 mg. The higher pro -

tein con cen tra tion pro vides more op por tu nity for crys tal
nu cle ation to oc cur but on the other hand also can cause
pro tein ag gre ga tion. The best con cen tra tion is usu ally
fine-tuned as one of the vari ables dur ing op ti mi za tion pro -
ce dure. All com po nents of the pro tein buffer should be
care fully con sid ered since they might in flu ence crys tal li za -
tion. Stor age con di tions have to be checked ex per i men tally 
for each pro tein, how ever most pro tein can be stored at

-70°C or 4°C. Pool ing of dif fer ent pu ri fi ca tion bathes is not 
rec om mended. Lyofilization should be avoided and if in ev -
i ta ble, ex ten sive di al y sis be fore crys tal li za tion is rec om -
mended. 

For more gen eral read ing fur ther ref er ences are rec om -
mended (1, 2).

1. McPherson A. (1999). Crys tal li za tion of Bi o log i cal
Macromolecules, Chap ter 3. The Pu ri fi ca tion and Char ac -
ter iza tion of Bi o log i cal Macromolecules, pp. 67 – 126,

Cold Spring Har bor Lab o ra tory Press, New York,
USA.

2. Bergfors T.M. (1999). Protein Crystallization Techniques,
Strategies and Tips, Chapter 3. Protein Samples, pp. 19 –

25 International University Line, La Jolla, CA, USA.

L30

PREP A RA TION AND CRYS TAL LI ZA TION OF PRO TEIN COM PLEXES: 
TRICKS AND EX AM PLES FROM OUR HOST-VI RUS STUDIES

Ivana Nemèovièová

De part ment of Vi ral Im mu nol ogy, Bio med i cal Re search Cen ter,                                                                        
Slo vak Acad emy of Sci ences, Bratislava, Slovakia

The ac tion of one macromolecule on an other is pre dom i -
nantly in volved in all bi o log i cal events, thus trig ger ing a
se ries of rec og ni tion, sig nal ing and mod i fi ca tion events.
While com pared to the rel a tively well-con served pro cesses 
found in cel lu lar or gan isms, vi ruses dem on strate huge vari -
a tions in terms of genomic com po si tion, pat terns of evo lu -
tion, and pro tein func tion. While study ing pro tein–pro tein
in ter ac tions in vi rus–host sys tems, these vari a tions on the
patho gen side must be con sid ered. The de tails of such
macromolecular in ter ac tions are crit i cal to our un der stand -
ing of bi o log i cal func tion and be stow greater knowl edge
than the three-di men sional struc tures of sin gle macro -
molecules. Al though sub stan tial prog ress has been made in 
macromolecular dock ing, it still re mains dif fi cult to pre dict 

the mode of in ter ac tion be tween macromolecules even
when the struc tures of the in ter act ing part ners are known
[1-2, 4]. Given the large size of such com plexes, crys tal log -
ra phy re mains the method of choice to de ter mine their
struc ture, and there fore crys tals for such com plexes need to 
be grown.

In an era that has been dom i nated by struc tural bi ol ogy
for the last 30-40 years, a dra matic change of fo cus to wards 
se quence anal y sis has spurred the ad vent of the ge nome
pro jects and the re sul tant di verg ing se quence/struc ture def -
i cit [3-4]. The cen tral chal lenge of com pu ta tional struc tural 
bi ol ogy is there fore to ra tio nal ize the mass of se quence in -
for ma tion into bio chem i cal and bio phys i cal knowl edge
and to de ci pher the struc tural, func tional and evo lu tion ary
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clues en coded in the lan guage of bi o log i cal se quences.
How ever, many other ef forts have been per formed to un -
der stand the re la tion ship be tween the struc ture of pro teins
and their bi o log i cal func tion. In ad di tion, a num ber of pro -
tein can di dates gen er ated by genomics pro grams, has in -
creased the in ter est in all the as pects of gene de sign, pro tein 
ex pres sion, pu ri fi ca tion and crys tal li za tion [Fig ure 1].

In this lec ture, we at tempt to pro vide a crit i cal as sess -
ment of what one may ex pe ri ence dur ing pro tein crys tal -
log ra phy and to iden tify ma jor is sues yet to be re solved in
at tempt to crys tal lize multiprotein com plexes. The pre sen -
ta tion is or ga nized un der sev eral sub ti tles like def i ni tion of
ligand, re cep tor and their af fin ity; meth ods to de ter mine
bind ing prop er ties; strat egy for ex pres sion, pu ri fi ca tion
and crys tal li za tion of macromolecular com plexes and
struc ture de ter mi na tion, choice of ex pres sion vec tor and/or 
sys tem; ex pres sion and sol u bil ity anal y sis; pro tein char ac -
ter iza tion; bind ing prop er ties and as says; com plex for ma -
tion.. all in cluded in the ‘crys tal li za tion cir cle’ shown in
Fig ure 1. 

We will also dis cuss a num ber of ways to sta bi lize pro -
teins for crys tal log ra phy that we have been ex pe ri enc ing,
in clud ing ge netic en gi neer ing, co-complexing with nat u ral
lig ands and bind ing of an ti body frag ments or al ter na tive
scaf folds [2–5]. It is im por tant to re mem ber that in a
three-di men sional crys tal four or more (in a two-di men -
sional case we need at least three) dif fer ent mo lec u lar con -
tacts are needed to be able to form a lat tice with a
non-sym met ri cal ob ject, and that the lat tice in ter ac tions
will al ways out num ber the spe cific con tacts that give rise to 
the phys i o log i cal com plex. How ever, ob tain ing dif frac -
tion-qual ity crys tals has long been a bot tle neck in solv ing
the three-di men sional struc tures of pro teins. Of ten pro teins 

may be sta bi lized when they are complexed with a
sub strate, nu cleic acid, co fac tor or small mol e cule. These
lig ands, on the other hand, have the po ten tial to in duce sig -
nif i cant conformational changes to the pro tein and ab in itio
screen ing may be re quired to find a new crys tal form. This
lec ture pres ents an over view of strat e gies in the fol low ing
ar eas for ob tain ing crys tals of pro tein–ligand com plexes:
(1) co-ex pres sion of the pro tein with the lig ands of in ter est, 
(2) the use of the lig ands dur ing pro tein pu ri fi ca tion, (3)
co-crys tal li za tion and (4) soaks.

Li te ra tu re (Su g ges ted rea dings)

1. Hassell et al. Crys tal li za tion of pro tein-ligand com plexes.
Acta Cryst D (2006) 63:72–79.

2. Stura et al. Crystallization of macromolecular com plexes. J 
Cryst Growth (2001) 232:580–590.

3. Grif fin et al. An ti body frag ments as tools in crys tal log ra -
phy. Clin Exp Immunol (2011)165:285–291.  

4. Derewenda. Use of re com bi nant en gi neer ing in pro tein
crys tal li za tion. Meth ods (2004) 34:354–63.

5. Hunte. Crys tal li za tion of mem brane pro teins by an ti body

frag ments. C Op Str Biol (2002) 12:503–8.

6. Deller&Rupp. Crys tal li za tion of pro teins and

macromolecular com plexes. Wiley On line Libr (2014). 

This re search was funded by the con tri bu tion of the Slo vak
Re search and De vel op ment Agency un der the pro ject
APVV-19-0376 and the con tri bu tion of the Sci en tific Grant 
Agency of the Slo vak Re pub lic un der the grant 02/0026/22. 
IN was sup ported by Interreg V-A SK-AT co op er a tion
programme by pro ject CAPSID un der the con tract No.
NFP305010V235 co-fi nanced by Eu ro pean Re gional De -
vel op ment Fund.
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L31

NEU TRON MACROMOLECULAR CRYS TAL LOG RA PHY FOR BI O LOG I CAL SAM PLES

Monika Budayova - Spano

Université Grenoble Alpes, CEA, CNRS, IBS, F-38000 Grenoble, France

Knowl edge of hy dro gen lo ca tions and protonation states is
crit i cal for a fun da men tal un der stand ing of bi o log i cal
macromolecular func tion/in ter ac tions, and neu tron macro -
mole cular crys tal log ra phy (NMX) is uniquely suited
among the ex per i men tal struc tural de ter mi na tion meth ods
to pro vide this in for ma tion. How ever, de spite its po ten tial,
NMX re mains a rel a tively niche tech nique due to sub stan -
tial lim i ta tions. The lec ture will ex plore NMX’s role
amongst the evolv ing land scape of struc tural bi ol ogy, com -
par ing and con trast ing it to the his tor i cal gold stan dard of
X-ray macromolecular crys tal log ra phy and the in creas ing

prev a lent elec tron-based meth ods – i.e., elec tron mi cros -
copy and elec tron dif frac tion. Forth com ing de vel op ments
(e.g., the Eu ro pean Spallation Source in Lund, Swe den
com ing on line) are ex pected to sub stan tially ad dress cur -
rent lim i ta tions and en sure NMX will re main rel e vant in
the com ing de cades. The lec ture will es pe cially de tail the
practicalities of im ple ment ing NMX for bi o log i cal
macromolecular tar gets, such as sam ple crys tal li za tion,
sam ple deuteration, and data col lec tion at room and cryo -
genic tem per a ture.

L32

EX TREMELY BRIL LIANT X-RAY SOURCES AND NEW OP POR TU NI TIES IN
MACROMOLECULAR CRYS TAL LOG RA PHY

P. Pachl 

ARN - IBMC - CNRS - Unistra - Strasbourg (France), IOCB AV CR (Czech Re pub lic)

Over the past de cade, the ad vent of X-ray free elec tron la -
sers de liv er ing ul tra in tense X-ray beams has rev o lu tion -
ized biocrystallography. With a bril liance a bil lion times
higher than at synchrotrons, the XFEL beam de stroys the
sam ple just af ter the emis sion of its dif frac tion sig nal in a
pro cess called “dif frac tion be fore de struc tion”. While this
fire power al lows the char ac ter iza tion of smaller crys tals
than ever (mi cro or even nanocrystals), the sam ple needs to
be re freshed af ter each shot and the col lec tion of a full
dataset re quires se ries of thou sands of crys tals. Also, crys -
tal cryocooling is no lon ger nec es sary and this type of anal -
y sis is mostly per formed at room tem per a ture. In these
near-to-phys i o log i cal con di tions and thanks to the tem po -
ral res o lu tion of XFEL pulses (<100 fs), the dy nam ics of
bi o log i cal sys tems (conformational changes, cat a lytic
events) can be probed in crystallo. Sim i lar pro to cols have
been im ple mented at syn chro tron fa cil i ties and are widely
ac ces si ble.

To take ad van tage of these new ap proaches, crys tal
grow ers need to adapt cur rent pro to cols mainly de voted to

the pro duc tion of large sin gle crys tals, to the prep a ra tion of
show ers of microcrystals with ho mo ge neous size and dif -
frac tion qual ity. Based on crys tal growth prin ci ples and ex -
am ples of al ter na tive crys tal li za tion ap proaches in clud ing
ad vanced crys tal li za tion con trol or microfluidics tech nol o -
gies [1, 2, 3].

1. de Wijn, Rollet et al. Mon i tor ing the pro duc tion of high
dif frac tion-qual ity crys tals of two en zymes in real time us -
ing in situ dy namic light scat ter ing. Crys tals (2020), 10:
65-77.

2. de Wijn et al. A sim ple and ver sa tile microfluidic de vice
for ef fi cient biomacromolecule crys tal li za tion and struc -
tural anal y sis by seriál crys tal log ra phy. IUCrJ (2019), 6:
454–464.

3. de Wijn, Rollet et al. Crystallization and structure
determination of an enzyme:substrate complex by serial
crystallography in a versatile microfluidic chip. Journal of
Visualized Experiments (2021), 169: e61972.
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L33

HOW TO TRAP SMALL OB JECTS IN A BEAM OF LIGHT

Dušan Novotný

Mìøicí technika Morava, s.r.o., Babická 619, 664 84 Zastávka u Brna
dusan.novotny@mt-m.eu

The use of op ti cal tweez ers for ma nip u lat ing mi cro scopic
ob jects, such as microcrystals, is be com ing an in creas ingly
com mon method in var i ous sci en tific fields. Op ti cal tweez -
ers al low pre cise ma nip u la tion of micrometric and sub-mi -
cro met ric ob jects us ing a highly fo cused la ser beam that
cre ates a gra di ent trap. This tech nol ogy has proven ef fec -
tive for se lect ing and mount ing microcrystals for X-ray
crys tal log ra phy, where tra di tional man ual tech niques of ten 
fail.

Op ti cal tweez ers are not lim ited to ma nip u lat ing
microcrystals alone. In bi o log i cal and chem i cal sci ences,
they are also used for mea sur ing small forces in the range

of piconewtons, en abling the study of me chan i cal prop er -
ties of mo lec u lar bonds and cel lu lar struc tures. Ad di tion -
ally, op ti cal tweez ers can be em ployed for cut ting and
shap ing mi cro scopic ob jects, open ing new pos si bil i ties in
microengineering and nanotechnology.

Other ap pli ca tions in clude cell sort ing, ma nip u la tion of
in di vid ual mol e cules, and study ing the dy nam ics of bi o log -
i cal pro cesses in real-time. Due to their pre ci sion and ver -
sa til ity, op ti cal tweez ers are be com ing an es sen tial tool for
ad vanced re search and de vel op ment in var i ous sci en tific
dis ci plines.
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Posters

P1

NEW MOLECULAR MECHANISMS FOR REGULATION OF BACE1 IN ALZHEIMER'S
DIS EASE

M. Apeltauer

Institute of Or ganic Chem is try and Bio chem is try, CAS, Prague 6, Czech Re pub lic

The pro ject is fo cused on BACE1, the ma jor betasecretase
that gen er ates toxic am y loidbeta in neu rons. BACE1 is a
tar get for the treat ment of Alz hei mer's dis ease; how ever,
rel e vant mo lec u lar in for ma tion about BACE1 re gard ing
the nat u ral reg u la tion of its proteolytic ac tiv ity is ur gently
needed. The re search identifies novel struc tural mech a -
nisms that con trol the ac ti va tion and in hi bi tion of BACE1.
These are char ac ter ized us ing the 3D struc tures de ter mined 

by pro tein crys tal log ra phy. The dis cov ered struc tural in -
hib i tory mo tifs are ex ploited for the de sign of se lec tive
biomimetic in hib i tors of BACE1. The pro ject pro vides
fun da men tal insights into the struc tural bi ol ogy of BACE1
and po tent lead com pounds for the de vel op ment of new
strat e gies for the treat ment of Alz hei mer's dis ease.

P2

 REG U LA TION OF THE (ADP-RIBOSYL)TRANSFERASE, AF-PARP, FROM
ASPERGILLUS FUMIGATUS

A. Bain bridge, J. Rack

MRC Cen tre for Med i cal My col ogy, Uni ver sity of Exeter, Exeter, United King dom

Aspergillus fumigatus (Af), an ubiq ui tous, air borne fun gal
patho gen, des ig nated in 2022 as a crit i cal pri or ity patho gen 
by the WHO, due to the high mor bid ity and mor tal ity as so -
ci ated with in va sive in fec tions as well as the rapid emer -
gence of antifungal re sis tance. This un der scores the ur gent
need to iden tify novel ther a peu tic tar gets and treat ment
strat e gies. A key pro cess for Af sur vival in the host niche is
the DNA dam age re sponse (DDR), which sup ports ad ap ta -
tion and im mune eva sion. A mas ter reg u la tor of the DDR is 
the es sen tial AfParp en zyme, which can re cog nise DNA
dam age and cre ate a local ised ADPribosylation sig nal,
which in turn fa cil i tates the DNA re pair pro cess. We have
showed AfParp acts as a (polyADPribosyl)transferase,

which is pref er en tially ac ti vated by 5’phosphorylated
DNA nicks. This is in con trast to hu man homo logues that
have a broader tar get spec trum. There fore, the highly spe -
cific DNA dam age rec og ni tion and ac ti va tion of AfParp
cou pled with its sole pres ence as a PARP homologue in Af,
prompt in qui ries into po ten tial co op er a tive bind ing modes
with other pro teins to broaden its spec trum of DNA dam -
age rec og ni tion. Fu ture endeavours, in clud ing elu ci da tion
of atomic struc tures of DNA bound AfParp and iden ti fi ca -
tion of in ter act ing part ners hope to shed light on these ques -
tions, ad vanc ing our un der stand ing of AfParp func tion and 
aid ing in the de vel op ment of tar geted ther a pies against In -
va sive Aspergillosis.
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P3

IN SIGHT INTO IN HER ITED ANE MIA CDAI: DIS EASEAS SO CI ATED MU TA TIONS
DIS RUPT CODANIN1CDIN1 COM PLEX

T. Brom, M. Stojaspal, T. Janovic, P. Veverka, E. Pospisilova, C. Hofr

Masaryk Uni ver sity Brno, Fac ulty of Sci ence, Na tional cen tre for Biomolecular Re search, Brno, 
Czech Re pub lic

Con gen i tal dyserythropoietic anemias (CDAs) are char ac -
ter ized by in ef fec tive erythropoiesis and mor pho log i cal ab -
nor mal i ties in eryth ro cytes and erythroblasts. One of them,
CDA type I (CDAI), is rare he red i tary ane mia de scribed
by con gen i tal ab nor mal i ties like interchromatin bridges
and Swisscheeselike heterochromatin.

CDAI is as so ci ated with mu ta tions in two dif fer ent
loci, CDAN1 and CDIN1. CDAN1, en cod ing Codanin1, is
in volved in nucleosome as sem bly and dis as sem bly.
CDIN1 is a re cently dis cov ered pro tein pre dicted to be a di -
va lent metal ionde pend ent re stric tion endonuclease. De -
spite their un de ni able im por tance for CDAI pro gres sion,
both pro teins and their mu tual in ter ac tion are poorly de -
scribed.

Here, we pres ent a pi o neer study of the es sen tial in ter -
ac tion be tween CDIN1 and Codanin1. Firstly, We em -
ployed bio phys i cal tech niques to char ac ter ize the homoand 
heterodimerization of these pro teins, along with their struc -

tural fea tures. Ad di tion ally, we quan ti fied CDIN1 
Codanin1 bind ing af fin ity in the low nanomolar range. Fi -
nally, we mapped the spe cific in ter ac tion re gions on both
pro teins and dem on strated that dis easeas so ci ated mu ta -
tions within these re gions dis rupt the CDIN1 Codanin1
com plex for ma tion.

These find ings rep re sent a sig nif i cant step for ward in
elu ci dat ing the mo lec u lar mech a nisms un der ly ing CDAI
ac ti va tion and pro gres sion. This knowl edge holds prom ise
for the fu ture de vel op ment of tar geted ther a pies for this
rare dis ease.

The re search was pri mar ily sup ported by Czech Sci ence
Foun da tion (2305241S). We ac knowl edge CEITEC
Proteomics CF and CF Biomolecular In ter ac tions and
Crys tal log ra phy of CIISB, In structCZ Cen tre, sup ported
by MEYS CR (LM2023042, eINFRA CZ (ID:90254)) and
Eu ro pean Re gional De vel op ment FundPro ject „UP
CIISB“ (No. CZ.02.1.01/0.0/0.0/18_046/0015974).

P4

NEW MECH A NISMS OF REG U LA TION OF THE ADAM17 METALLOPROTEASE 
AND THEIR AP PLI CA TION IN THE TREAT MENT STRAT E GIES FOR IN FLAM MA TION

AND OBESITY

H. Caisová

Institute of Or ganic Chem is try and Bio chem is try AS CR, Flemingovo nam. 2, Prague, Czech Re pub lic

Metalloprotease ADAM17 plays a cru cial role in the
proteolytic re lease of over 80 cellsur face pro teins, in clud -
ing cytokines and growth fac tors, es sen tial for nu mer ous
phys i o log i cal pro cesses. In macrophages, ADAM17me di -
ated shed ding of TNF ini ti ates in flam ma tory re sponses.
The mat u ra tion and traf fick ing of ADAM17 to the plasma
mem brane in this con text rely on the transmembrane
pseudoprotease iRhom2. Ad di tion ally, cytosolic FERM 
do main con tain ing pro tein 8 (FRMD8) has been iden ti fied
as a sta bi lizer of the ADAM17iRhom2 com plex on the
mem brane. FRMD8 binds to the dis or dered cytosolic
Nter mi nus of iRhom2, yet the spe cific amino ac ids in -
volved in this in ter ac tion and the mech a nism of sta bi li za -
tion re main elusive.

Uti liz ing multimer pre dic tion in Alphafold2, we have
iden ti fied two highly con served cav i ties in the struc ture of
FRMD8 likely re spon si ble for bind ing of iRhom2. Cur -
rently, we are val i dat ing this model through microscale

thermophoresis with syn thetic pep tides. Sub se quently, we
plan to elu ci date the struc ture of FRMD8 bound to the
iRhom2 Nter mi nus us ing Xray crys tal log ra phy, aim ing
to de sign po tent in hib i tors ca pa ble of com pet ing for bind -
ing. Such in hib i tors could mit i gate the production of the
proin flam ma tory cytokine TNF, im pli cated in var i ous hu -
man dis eases, in clud ing in flam ma tory con di tions and
obesity.

To fur ther un der stand the mech a nism by which
FRMD8 sta bi lizes the ADAM17iRhom2 com plex, pre -
lim i nary data from prox im ity proteomics and Alphafold2
multimer anal y sis have sug gested the in volve ment of the
actinbind ing pro tein cofilin1. Given cofilin1's
destabilizing ef fect on the actin cytoskeleton, we hy poth e -
size that the in ter ac tion be tween FRMD8 and cofilin1 is in -
hib i tory, lead ing to actin cor tex sta bi li za tion and re duced
lysosomal deg ra da tion of ADAM17. We plan to verify this
hy poth e sis both mech a nis ti cally and struc tur ally.
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P5

CHAR AC TER IZ ING THE IN TER AC TION BE TWEEN GALECTIN3 AND THE HUMAN
NAT U RAL KILLER CELL AC TI VA TION RE CEP TOR NKP30

Y. Dubanych, M. Tulpa, O. Skorepa, O. Vanek

De part ment of Bio chem is try, Fac ulty of Sci ence, Charles Uni ver sity, Hlavova 2030/8, 128 43 Prague, 
Czech Re pub lic

Nat u ral killer (NK) cells are large gran u lar lym pho cytes
that play a cru cial role in in nate im mu nity by rec og niz ing
and elim i nat ing ma lig nantly trans formed or in fected cells
with out prior ac ti va tion. To achieve this, NK cells ex press
a set of ac ti va tion and in hi bi tion re cep tors on their sur face,
in clud ing the glycoprotein NKp30, an ac ti va tion nat u ral
cytotoxicity re cep tor. Among the known lig ands of
NKp30, there is sig nif i cant in ter est in tu morre lated lig -
ands such as B7H6, BAG6, and the re cently dis cov ered
Galectin3. Gal3 can in hibit NK cell func tions by bind ing
to the NKp30 re cep tor, mak ing it a prom is ing tar get in
antitumor ther apy. Study ing the in ter ac tion be tween
NKp30 and Gal3 is chal leng ing due to a few fac tors.
Firstly, wildtype Gal3 can form dimers through an odd
cysteine, which can in ter fere with mea sure ments. Sec -
ondly, NKp30 car ries three Nglycosylation sites (Asn42,
Asn68, Asn121) within its ligandbind ing do main
(LBD), each con trib ut ing dif fer ently to this in ter ac tion. To

ob tain clearer in sight into this in ter ac tion, NKp30 LBD
Nglycosylation mu tants were pro duced in the HEK293T
cell line, and a cysteineless form of the car bo hy drate rec -
og ni tion do main of Gal3 (C173S) was ex pressed in E.
coli. The in ter ac tion was stud ied us ing var i ous bio phys i cal
meth ods. The bind ing of Gal3 to NKp30 mu tants was con -
firmed us ing sizeex clu sion chro ma tog ra phy and an a lyt i -
cal ul tra cen tri fu ga tion, while the af fin ity of this in ter ac tion
was de ter mined us ing microscale thermophoresis. Ad di -
tion ally, dif fer en tial scan ning fluorimetry was used to
study the sta bil ity of the NKp30 LBD Nglycosylation mu -
tants. The most prom is ing Nglycosylation mu tant
(NKp30_LBD_G121) was se lected for crys tal li za tion tri -
als of the Gal3:NKp30 com plex to solve its struc ture us ing 
Xray crys tal log ra phy.

This work was sup ported by the Charles Uni ver sity Grant
Agency (GA UK 358322).

P6

CHAR AC TER IZA TION OF THE ZEARALENONE DE GRAD ING EN ZYMES

N. Emodi1,2, Z. Bata2, K. Nyíri1

1Bu da pest Uni ver sity of Tech nol ogy and Eco nom ics, De part ment of Ap plied Bio tech nol ogy and Food Sci -
ence, Bu da pest, Hun gary, 

2Dr. Bata Ltd., Ócsa, Hun gary

Fun gal myco toxins can sig nif i cantly re duce the qual ity of
grains used for feed and food, and in large quan ti ties, they
can be harm ful to an i mals or hu mans if con sumed.

Zearalenone is a mycotoxin pro duced by var i ous spe -
cies of Fusarium fungi, spe cif i cally Fusarium gramine -
arum. It poses a se ri ous threat to crops, par tic u larly maize,
wheat, and bar ley. Upon con sump tion by live stock,
zearalenone dis rupts the hor monal bal ance, pri mar ily af -
fect ing the re pro duc tive sys tem. The mycotoxin mimics the 
ef fects of es tro gen, lead ing to re pro duc tive dis or ders and
neg a tive ef fects on fer til ity in an i mals, mainly in swine.

Cur rently, var i ous meth ods are known for the de tox i fi -
ca tion of zearalenone. Phys i cal meth ods (ad sorp tion or
heat ing) or chem i cal deg ra da tion (use of strong oxidants or
spe cific chem i cals) are widely used. How ever, they re quire 
harsh con di tions, they could dam age the nu tri tional value
of the feed and the full de con tam i na tion is of ten in com -
plete.

A fa vor able so lu tion for the re moval of zearalenone
may be the use of en zymes. Lactone hy dro las es at tracted

sig nif i cant at ten tion be cause they can degrade the
mycotoxin to a nontoxic form by hy dro lyz ing the lactone
bond in the mol e cule.

Our re search fo cuses on the im prove ment of bac te rial
lactonases iso lated from Rhodococcus erythropolis and
Streptomyces coelicoflavus. These en zymes show better
sub strate af fin ity and turn over num ber, than the widely

known fun gal a/b hy dro las es, like ZDH101 from Clono -
stachys rosea. We aim to fur ther im prove the sta bil ity and
ac tiv ity of these pro teins with pro tein en gi neer ing to make
them ap pli ca ble as a feed ad di tive for live stock. Crys tal liz -
ing these pro teins with sub strate analogs can re veal their
mech a nism of ac tion. Ad di tion ally, it makes pos si ble the
ra tio nal de sign of ac tive site mu ta tions to en hance the en -
zyme ac tiv ity to wards var i ous myco toxins. By us ing
macromolecular crys tal li za tion tech niques, we can also in -
ves ti gate the pro teinsub strate in ter ac tions of the var i ous
mutants.

Ó Krystalografická spoleènost

274    FEBS course -  Post ers Ma te ri als Struc ture, vol. 30, no.3 (2024)



P7

STRUC TURAL STUD IES OF BI O LOG I CALLY REL E VANT PRO TEIN VARI ANTS OF
CANCERRELATED CAR BONIC ANHYDRASE IX

A. Fejfarová, P. Maloy Øezáèová

Institute of Or ganic Chem is try and Bio chem is try of the Czech Acad emy of Sci ences, Flemingovo námestí
542/2 160 00, Prague 6, Czech Re pub lic

Car bonic anhydrase IX (CA IX) rep re sents an at trac tive
tar get for the de vel op ment of anticancer drugs as it is
overexpressed in var i ous types of solid tu mors. By its cat a -
lytic ac tiv ity, CA IX as sists the can cer cells to main tain the
op ti mal intracellular pH and to acid ify the extracellular mi -
lieu pro mot ing tu mor de vel op ment. There are twelve en zy -
mat i cally ac tive car bonic anhydrases pres ent in hu man
body, all shar ing a high se quence iden tity and a typ i cal
ßsheet struc tural fold of the wellstud ied cat a lytic do main. 
Al though, the ac tiv ity of CAs can be ef fi ciently in hib ited,
the de sign of in hib i tor se lec tive to the can cerre lated CA
IX has been ham pered by the high se quence con ser va tion.
CA IX has sev eral unique fea tures com pared to other mem -
bers of the fam ily, which in ves ti ga tion may help in the de -
vel op ment of selective drug com pounds. Namely, it is a
type I transmembrane dimeric pro tein with unique Nter -
mi nal PG do main, extracellular cat a lytic do main, and short
cy to plas mic Cter mi nal seg ment.

The above de noted traits make CA IX sub ject of struc -
turebased drug de sign ef forts. How ever, the ex pres sion
and pu ri fi ca tion in high yield as well as crys tal li za tion ex -
per i ments has been chal leng ing. There fore, pro tein vari ant
bear ing six amino acid sub sti tu tions for re com bi nant ex -
pres sion in E. coli has been pub lished be fore. Nev er the less, 
some of the amino acid sub sti tu tions hin ders the for ma tion
of the bi o log i cal dimeric ar range ment of CA IX. For that
rea son, three novel pro tein vari ants were de signed and
struc tur ally char ac ter ized. The CA IX vari ants were ex -
pressed, pu ri fied, and char ac ter ized for their oligomeric
state in so lu tion, and confirmed to form dimers. These vari -
ants were crys tal lized and sub jected for Xray dif frac tion
ex per i ment which ul ti mately led to de ter mi na tion of three
pro tein struc tures. Crys tal struc tures re vealed that when the 
wildtype amino ac ids are re in tro duced to spe cific res i -
dues, the bi o log i cal dimeric ar range ment is restored.

P8

EX PLO RA TION OF FUMONISIN ESTERASE STRUC TURE AND AC TIV ITY

D.J. Incze1,2, Z. Molnár2, G.N. Nagy2, Z. Bata1, L. Poppe2

1Dr. Bata Ltd., Ócsa, Hun gary, 
2Bu da pest Uni ver sity of Tech nol ogy and Eco nom ics, De part ment of Or ganic Chem is try and Tech nol ogy, Bu -

da pest, Hun gary

The study ex am ined two re com bi nant fumonisin es ter as es
(FE1 and FE2), ex pressed in Pichia pastoris. Con trary to
pre vi ous hy poth e ses, both FEs first se lec tively hy dro lyzed
the es ter bond at the C6 po si tion of Fumonisin B1 (FB1),
re sult ing in par tially hy dro lyzed FB1_7 (pHFB1_7) in ter -
me di ate, which was trans formed into hy dro lyzed FB1
(HFB1). The two FEs had sim i lar and ex cel lent turn over
num bers in the first hydrolytic re ac tion. How ever, in the
sec ond step, FE2 had a 10fold lower MichelisMenten
con stant than FE1, mak ing FE2 the more prom is ing can di -

date as a de con tam i na tion agent of FB1. Ther mal sta bil ity
of the two FEs in ves ti gated with Thermofluor as say re -
vealed a 4.5°C higher melt ing tem per a ture of FE2 (55.5°C) 
than of FE1 (51.0 °C). Fi nally, the 3D struc ture of one of
the FE is used to ex plain the sub strate spec i fic ity of these
en zymes and to at tempt to un der stand their se lec tiv ity and
ki net ics. Un der stand ing the struc tural ba sis of sub strate
specificity can ac cel er ate the dis cov ery and en gi neer ing of
fumonisin es ter as es lead ing to a wide spread ap pli ca tion of
this biocatalyst to en hance food safety.
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STRUC TURAL BI OL OGY OF RNA HELICASES

A. Knopp, C. McAndrew, Y. Le Bihan, R. Van Montfort

The In sti tute of Can cer Re search 123 Old Bromp ton Road Lon don SW7 3RP, Lon don, United King dom

Helicases play a vi tal role in dif fer ent cel lu lar pro cesses
and pos sess the abil ity to un wind DNA or RNA du plexes,
heteroduplexes, and more com plex polynucleotide struc -
tures. RNA helicases use the en ergy from ATP hy dro ly sis
to fa cil i tate the un wind ing or an neal ing of RNA mol e cules, 
and par tic i pate in mul ti ple aspects of RNA me tab o lism, in -
clud ing premRNA, rRNA, and miRNA pro cess ing or re -
mod el ling of ribonucleoprotein com plexes. RNA helicases 
have also been im pli cated in the cel lu lar re sponse to vi ral
in fec tions.

Dysregulation and overexpression of RNA helicases
have been linked to var i ous dis eases in clud ing ge netic and
neu ro log i cal dis or ders, vi ral in fec tions, and can cer. How -
ever, de spite their im por tant func tions and im pli ca tions in
many dis eases, the ex act mech a nism of ac tion of RNA
helicases is still poorly un der stood, pri mar ily be cause of a
lack of highres o lu tion struc tural data. The crys tal struc -

tures of RNA helicases in their ac tive state and bound to
their in ter ac tion part ners can pro vide im por tant in for ma -
tion to better un der stand their mech a nisms. In ad di tion,
these struc tures may pro vide a good start ing point for ther -
a peu tic in ter ven tions.

This pro ject fo cuses on the struc tural bi ol ogy of a can -
cerre lated RNA helicase. The aim is to es tab lish ro bust
crys tal sys tems dif fract ing at high res o lu tion for this pro -
tein in dif fer ent func tional states, which could pro vide
struc tural in sights into the un wind ing ac tiv ity of this
helicase. The pro tein was suc cess fully ex pressed in Sf9
cells, fol lowed by pu ri fi ca tion and bio phys i cal char ac teri -
sa tion by DLS and nanoDSF. A broad crystallisation
screen was con ducted us ing the sit tingdrop vapordiffusion 
tech nique. Though sev eral ini tial crys tal hits were ob -
tained, they only dif fracted at mod est res o lu tion and their
op ti mi sa tion proved chal leng ing.

P10

STUDY OF THE FUNC TION AND OR GANI SA TION OF ENOYLACP REDUCTASE
DO MAINS IN SCHIZOCHYTRIUM

N. Lofeudo Álvarez, G. Moncalián Montes

In sti tute of Biomedicine and Bio tech nol ogy of Cantabria (IBBTEC), Santander, Spain

Omega 3 poly un sat u rated fatty ac ids (PUFAs) are key nu -
tri ents and es sen tial for hu mans. These mol e cules are pro -
duced by vast en zymes called PUFA synthases (PFAS)
found in ma rine gammaproteobacteria, and thrausto chyt -
rids among other mi cro or gan isms. EnoylACP reductase
do main (ER) ca tal y ses the last mod i fi ca tion step in the
PUFA biosynthesis. In gammaproteobacteria one ER do -
main is pres ent, while in thraustochytrids, such as Schizo -
chytrium sp., this do main is du pli cated in PfaB (ERb) and

PfaC (ERc) sub units, but we lack in for ma tion about their
func tion. In this study we re port that ERb and ERc can in -
ter act be tween them form ing a heterodimer. Bio chem i cal
as says re vealed that this heterodimer has en zy matic ac tiv -
ity, in con trast with ERb or ERc with out their homologue.
ER do mains could con trib ute to PfaB and PfaC
dimerisation. These find ings pro vide in sight into the
thraustochytrids PFAs mech a nism of ac tion.

Ó Krystalografická spoleènost

276    FEBS course -  Posters Ma te ri als Struc ture, vol. 30, no.3 (2024)



P11

SE LEC TIVE IN HI BI TION OF CAR BONIC ANHYDRASE IX FOR CAN CER DI AG NO SIS
AND THER APY

L.H. Ngô, J. Brynda, K. Pospíšilová, P. Øezáèová

In sti tute of Or ganic Chem is try and Bio chem is try, CAS, Praha 6  Dejvice, Czech Re pub lic

Car bonic anhydrase IX (CA IX) be longs to a group of 15
isoforms of the hu man car bonic anhydrase en zymes. Typ i -
cally lo cal ized on the cell sur face, CA IX is pri mar ily found 
in spe cific tis sues within the gas tro in tes ti nal tract. Its ex -
pres sion is in duced in re sponse to lo cal hypoxia, aid ing in
the reg u la tion of pH lev els to accommodate the met a bolic
pro duc tion of acidic byprod ucts, thereby pro mot ing can -
cer cell sur vival and pro lif er a tion. The overexpression of
CA IX in solid tu mors, cou pled with its extracellular pres -
ence, sug gests its po ten tial util ity in can cer di ag no sis and
ther apy.

Within this pro ject we plan to de velop po tent and se lec -
tive CAIX in hib i tors fea tur ing a sulfonamide group ca pa -
ble of co or di nat ing with the zinc ion within the en zyme's
ac tive site. Their ac tive site is lo cated within the cen tral
ßsheet, where the zincbind ing core re sides. The pro posed
in hib i tors are de signed with a scaf fold capable of at tach ing
to en zyme moi eties. This scaf fold com prises a bind ing

group for metal ion in ter ac tion, an an chor ing group for
func tional in ter ac tion with the en zyme's hy dro pho bic re -
gions, and a sticky group for af fin ity to the hy dro philic
group of the ac tive site.

Re com bi nant CA IX is pro duced and ex pressed in E.
coli BL21, fol lowed by pu ri fi ca tion via chro mato graphic to 
en sure high pro tein pu rity. The pu ri fied CA and a se ries of
in hib i tors are as sessed for af fin ity us ing the stoppedflow
method to screen a li brary of in hib i tors. To better un der -
stand the bind ing modes be tween se lec tive in hib i tors and
the en zyme, Xray crys tal log ra phy is em ployed to achieve
highres o lu tion struc tures of the com pounds. Ob tained
struc tural in for ma tion will not only guide the mod i fi ca tion
and tai lor ing of the an chor ing and sticky groups in de sign -
ing the se lec tive model in hib i tors, but also max i mize af fin -
ity for tu morspe cific CA IX while min i miz ing in ter ac tions 
with other car bonic anhydrase isoforms.

P12

ISO LA TION, PU RI FI CA TION AND CRYS TAL LI ZA TION OF NAPIN FROM SEEDS OF
IBERIS UMBELLATA L.

A. Saeed1, A. Akrem2, S. Mehmood2, H. Brognaro3, C. Betzel4

1Lab o ra tory for Struc tural Bi ol ogy of In fec tion and In flam ma tion of the Uni ver sity Ham burg, DESY Cam pus,
Ham burg, Ger many,

2In sti tute of Bot any, Bahauddin Zakariya Uni ver sity, Multan, Punjab, Pa ki stan, Multan, Pa ki stan, 
3Lab o ra tory for Struc tural Bi ol ogy of In fec tion and In flam ma tion, DESY, Ham burg, Ger many, 

Ham burg, Ger many, 
4Universität Ham burg, De part ment of Chem is try, In sti tute of Bio chem is try and Mo lec u lar Bi ol ogy and Lab o ra -

tory for Struc tural Bi ol ogy of In fec tion and In flam ma tion, c/o DESY, Ham burg, Ger many

Pro teins and pep tides be long ing to the plant im mune sys -
tem can pos sess nat u ral an ti bac te rial, antifungal and an ti vi -
ral prop er ties. Due to their broad range of ac tiv ity and
sta bil ity, they rep re sent prom is ing novel al ter na tives to
com monly used antifungal agents to fight the emer gence of 
re sis tant strains. Napin from seeds of Iberis umbellata was
iden ti fied by feed ing the LCMS/MS gen er ated re sid ual
data to the UniProtKB on line server, which showed 70%
se quence iden tity to Napin from Bras sica napus. I. umbe -
llata Napin was fur ther pu ri fied by us ing the am mo nium
sul fate pre cip i ta tion (80%) and supernatant was loaded on
Mono S col umn fol lowed by gel fil tra tion chro ma tog ra phy
(Superdex 75 prep grade). Pu ri fied pro tein showed an ap -
prox i mately 16 kDa pro tein band un der nonre duced con -
di tion which sep a rated in two daugh ter bands of 8 and 6
kDa un der re duced con di tions of SDSPAGE. Sec ond ary
struc tural el e ments were de ter mined by Cir cu lar

Dichroism (CD) spec tros copy which showed that it con -

sists of 23.8% ahe lix, 44.8% ßsheet, 31.5% ran dom
struc ture. Napin ex hib ited highly sta ble glob u lar struc ture

above 90 °C. The pure pro tein was con cen trated up to 10
mg/ml and Dy namic light scat ter ing (DLS) showed the
highly monodisperse sta tus of the pro tein and hy dro dy -
namic ra dius (RH)of 2.54 ± 0.25 nm con firm ing the
monomeric form of the pro tein. SAXS showed that the ra -
dius of gy ra tion is 1.48 ± 0.09 nm and con firmed the nearly
glob u lar shape. SECSAXS based ab in itio dummy model
of Iberis umbellata napin was com pared with napin of
Bras sica napus (PDB ID: 1SM7). The pure pro tein
(20mg/ml) was showed phase sep a ra tion fol lowed by crys -
tal li za tion un der high salt con cen tra tion in sit ting drop
method. The napin crys tals (0.625 × 0.324 mm) were ap -
peared af ter two weeks at room tem per a ture.
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STRUC TURAL STUD IES OF DISULFIDE CON TAIN ING PRO TEINS PRO DUCED 
IN E. COLI

A.A. Sohail, M.K. Koski, L.W. Ruddock

University of Oulu, Fac ulty of Bio chem is try and Mo lec u lar Med i cine & Biocenter Oulu, Oulu, Fin land

Prokaryotic ex pres sion sys tems like E. coli are the first
choice for pro tein pro duc tion but they lack cel lu lar ma -
chin ery for the for ma tion of post translational mod i fi ca tion 
such as disulfide bond for ma tion. The de vel op ment of
CyDisCo™ (cy to plas mic disulfide bond for ma tion in E.
coli) tech nol ogy fa cil i tates the ef fi cient pro duc tion of
disulfide con tain ing eukaryotic pro teins us ing E. coli. We
at tempted to test the lim i ta tions of E. coli us ing CyDisCo™ 
in the pro duc tion of base ment mem brane pro teins, in clud -
ing perlecan, nidogen2 and fibulin2. These pro teins have
been com pre hen sively stud ied at a cel lu lar level, but un for -
tu nately lack struc tural in for ma tion at the atomic level.

Pro tein frag ments were con structed, and ex pres sion
tests were con ducted in E. coli host us ing CyDisCo™. The
suc cess ful pro duc tion of sol u ble pro tein con structs cov -
ered ap prox i mately 84 %, 32 % and 61 % for perlecan,
nidogen2 and fibulin2, re spec tively (hav ing 83%, 40%
and 79% of the to tal disulfide bonds). Ad di tion ally, bio -

chem i cal, bio phys i cal, and struc tural char ac ter iza tion was
done. We suc cess fully pro duced a large sol u ble con struct
of mouse perlecan re gion 3 res i dues G503 T1672, ~127
kDa in size hav ing 44 disulfide bonds, which was an ex cep -
tional and novel achieve ment of E. coli us ing CyDisCo™.
Fur ther more, the first crys tal struc ture of a ~40 kDa pro tein 
con struct from perlecan re gion 3 hav ing 15 disulfide bonds
was solved which would aid in the better un der stand ing of
SchwartzJampel syn drome dis ease caused by mu ta tions in 
perlecan. The mouse fibulin2 con struct S427G545, a
disulfide linked homodimer with a mo lec u lar weight of
~27.6 kDa and a to tal of 34 cysteines form ing 17 disulfide
bonds, was fully sol u bly pro duced and was pu ri fied. This
con struct was crys tal lized, and the struc ture re veals the for -
ma tion of a sin gledo main struc ture which was pre vi ously
sug gested to have three mo tifs re lated to anaphyla -
toxinlike re peats.

P14

APOE, AN ENIG MATIC CEL LU LAR PLAYER IN NEURODEGENERATION

M. Subramanian, J. Damborsky, M. Marek

Loschmidt Loboratories, RECETOX, MAsaryk Uni ver sity, Kamenice 5, Brno, Czech Re pub lic, 

World wide over 55 mil lion peo ple are af fected by de men -
tia, in which Alz hei mer’s dis ease (AD) af fect ing the el -
derly (> 65 years) com prises about 6070% of cases. Due to 
the in creas ing el derly pop u la tion, this num ber is ex pected
to dou ble ev ery 20 years and reach 139 mil lion in 2050. In
2019, the es ti mated so ci etal cost for de men tia care was
around 1.3 tril lion US dol lars glob ally, 50% of this so ci etal
cost is at trib uted to in for mal care (fam ily, friends, etc).

Over de cades, re search has fo cused on un der stand ing
the role of apolipoprotein E (ApoE), a key li po pro tein and
cho les terol trans porter in the cen tral ner vous sys tem, in
AD, which is gen er ally char ac ter ised by ßam y loid (Aß)
plaque de po si tion lead ing to synaptogenesis and even tual
cog ni tive de cline. ApoE is in volved in Aß clear ance and a
vari ant of ApoE, ApoE4, which dif fers from the com mon

vari ant ApoE3 by a sin gle amino acid sub sti tu tion (C112R) 
was found to be in ca pa ble of Aß clear ance and was found
to be a high ge netic risk fac tor in AD pa thol ogy.

To probe the in flu ence of this sin gle amino acid sub sti -
tu tion on pro tein func tion and even tual proteinopathy in
AD, we in tend to use Xray crys tal log ra phy along with bio -
chem i cal and bio phys i cal tech niques. How ever, ApoE's
ten dency to frag ment poses a chal lenge to ob tain the full
length struc ture. As ApoE is sta ble in its lipid bound form,
em ploy ing de ter gents to mimic sim i lar en vi ron ment would
help in ob tain ing the full length struc ture of ApoE. This ap -
proach has helped in sta bi liz ing the ApoE ef fec tively and
also has mit i gated frag men ta tion.
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TAR GET ING FIBROBLAST AC TI VA TION PRO TEIN IN CAN CER: STRUC TURAL
CHAR AC TER IZA TION OF A NOVEL PEPTIDOMIMETIC

F. Wichterle1,2, A. Šimková1,3, K. Radilová1, T. Ormsby1, L. Motlová4, P. Šácha1, C. Baøinka4,
J. Konvalinka1,5

1In sti tute of Or ganic Chem is try and Bio chem is try of the CAS, Prague, Czech Re pub lic, 
2De part ment of Ge net ics and Mi cro bi ol ogy, Fac ulty of Sci ence, Charles Uni ver sity, Prague, Czech Re pub lic,

3De part ment of Or ganic Chem is try, Fac ulty of Sci ence, Charles Uni ver sity, Prague, Czech Re pub lic, 
4Bio tech nol ogy and Biomedicine Cen tre of the Acad emy of Sci ences and Charles Uni ver sity (BIOCEV),

Vestec, Czech Re pub lic, 
5De part ment of Bio chem is try, Fac ulty of Sci ence, Charles Uni ver sity, Prague, Czech Re pub lic

Fibroblast ac ti va tion pro tein (FAP) is a mem branebound
serine pro te ase that has emerged as a prom is ing tu mor
marker. FAP is overexpressed in the tu mor stroma of many
can cers, in clud ing most car ci no mas, and has been linked to 
pro mot ing angiogenesis, tu mor cell in va sion, and immuno -
suppression. More over, its ex pres sion is highly in creased
rel a tive to healthy tis sue, mak ing it a ro bust tar get for can -
cer im ag ing and ther apy. Smallmol e cule FAP in hib i tors
have been widely em ployed as a tar get ing moi ety of
radiotracers, which have been suc cess fully tested as thera -
nostics in hu mans. How ever, lim ited struc tural in for ma tion 
on FAP–in hib i tor com plexes has ham pered fur ther elab o -
ra tion and re fine ment of in hib i tor struc tures through ra tio -
nal de sign. In our re cent work, we con ducted a
struc ture–ac tiv ity re la tion ship study to ex plore the chem i -

cal space in the P1' and P2' po si tions and de vel oped a new

class of peptidomimetic in hib i tors bear ing an a-ketoamide 
war head. Be sides other lead like prop er ties, the com pound 
I22AP446 (IC50 = 89 pM) out per formed the most po tent in -
hib i tor pub lished to that date. To gain in sight into the bind -

ing mode of the aketoamide de riv a tive, we de ter mined a
crys tal struc ture of the FAP–I22AP446 com plex at 1.75C
res o lu tion re veal ing key in ter ac tion fea tures be tween the
in hib i tor and the en zyme. We thus pres ent the first re ported 
crys tal struc ture of FAP bound to a peptidomimetic. Our
find ings pro vide a ba sis for struc tureguided mod i fi ca tions
of our lead com pound and will fuel the de vel op ment of se -
lec tive peptidomimetics tar get ing FAP.
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