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In our study we ex plore the po ten tial of ionic liq uids (ILs)
to ad vance the field of pro tein crys tal grow ing. ILs are a
class of com pounds com posed of two op po sitely charged
spe cies, the cat ion and the an ion, that are liq uid near room
tem per a ture. The num ber of pos si ble com bi na tions of com -
pos ing ions is im mense and the o ret i cally it is pos si ble to

de sign a given ionic liq uid that best suits a spe cific, de sired
pur pose. How ever, one first needs to know how the ionic
liq uid prop er ties re late to that par tic u lar pur pose, in this
case pro tein crys tal li za tion.

We started from iden ti fy ing the vari ables and mech a -
nisms be hind the ef fect of dif fer ent wa ter sol u ble ILs used
as ad di tives in pro tein crys tal li za tion [1]. It has been rec og -
nized that, the same IL ions, which at low ionic strength
(IS) con di tions bind to the pro tein sur face and screen the
charges (pro mote salt ing-out and crys tal nu cle ation), at
high IS re duce the pro tein–wa ter in ter fa cial ten sion by re -
main ing hy drated while at tached to the sur face (in duce
salt ing-in) (Fig. 1). Fur ther more, it has to be pro nounced
that it is nec es sary to take into ac count the mu tual af fin ity
of the ions and their counterions in or der to prop erly rank
the re spec tive (IL) ion pairs as salt ing-in/out agents.

As a next step, we have im mo bi lized hy dro pho bic ILs
at the sur face of hy dro philic solid sub-mi cron par ti cles [2].
This en abled the dis per sion in aque ous so lu tion of oth er -
wise wa ter-im mis ci ble ILs and their first use in pro tein
crys tal li za tion as het er o ge neous nucleants [3] (Fig. 2). It
has been rec og nized that their nu cle at ing po ten tial is de ter -
mined by the pro tein-solid af fin ity based on short range
H-bond do nat ing/ac cept ing in ter ac tions that can be tuned
by changing the ILs structure.

Our on-go ing re search is fo cused on the use of a re mote
phys i cal trig ger – the non-ion iz ing elec tro mag netic ra di a -
tion to in duce and con trol pro tein crys tal growth. We
showed the ef fect of in fra red light (IR) on pro tein crys tal
nu cle ation and pe ri odic self-as sem bly re sult ing from mod -
u la tion of pro tein in ter fa cial wa ter (dipolar me dium) by
means of IR [4]. Now we want to use ILs as po lar and
polarisable in ter fa cial sol vents prone to respond to
electromagnetic stimuli. 
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Fig ure 2. Sche matic ac tion of IL-functionalized nucleants 

Fig ure 1. Con cen tra tion-de pend ent salt ing-in/out be hav iour of ILs
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 Ionic liq uids (ILs) are typ i cally de fined as salts com posed
of sep a rate cat ions and an ions hav ing melt ing points be low
100 °C. ILs typ i cally have chaotropic an ions and surfactant 
cat ions, have low vapour pres sure, have a wide liquidus
range, and have de pressed melt ing points as a re sult of
low-sym me try ions.  The cationic and an ionic com po nents
can be in di vid u ally tai lored for var i ous ap pli ca tions, which
char ac ter is tic has re sulted in a rapid pro lif er a tion in their
use for a wide range of ap pli ca tions.  This abil ity to finely
tune their prop er ties also makes ILs at trac tive ma te ri als for
use in bio chem i cal ap pli ca tions.  Sev eral in ves ti ga tions
have been car ried out us ing IL’s in pro tein crys tal li za tion
[1-3], with no con clu sions that could guide one in their use.  
We are cur rently work ing to rem edy this, test ing a panel of
23 com mer cially avail able ILs, with dH2O as a con trol, as
pro tein crys tal li za tion ad di tives.  The ILs are used as 1M
so lu tions in dH2O, at fi nal con cen tra tions of 0.1, 0.2, and
0.4 M in the pre cip i tant so lu tion.  The pro teins em ployed
are not the usual mod els, but those be ing worked as part of

other on go ing crys tal li za tion pro jects in our group.  Op ti -
mi za tion with ILs has re sulted in 3D fac eted crys tals be ing
ob tained from all types of start ing out comes tested, in clud -
ing non-fac eted crys tals (den drites, ur chins, spher oids,
etc.), bright spot leads [4], and, most sur pris ing, pre cip i -
tate.  The use of trace flu o res cent la bel ing is crit i cal to these 
ex per i ments as the ILs of ten also crys tal lize from so lu tion. 
Not ev ery tested lead con di tion re sulted in crys tals, and
some gave crys tals with sev eral ILs.  In ini tial ex per i ments
the pat tern of hits changes with the IL con cen tra tions em -
ployed.  Re sults from ex per i ments cur rently un der way, in -
clud ing dif frac tion anal y sis of crys tals from IL+ and IL-
con di tions, will be reported.    
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The aim of de novo de sign pro teins, of ten called the in verse 
pro tein fold ing prob lem, is to find amino acid se quences
com pat i ble with a given pro tein ter tiary struc ture. Solv ing
the in verse fold ing prob lem ques tions our un der stand ing of 
se quence-struc ture re la tion ships in pro teins. De spite im -
pres sive suc cesses in de novo pro tein de sign, de sign ing a
well-folded pro tein of more than 100 amino ac ids re mains
a chal lenge. 

We will dis cuss the ar ti fi cial pro tein Octarellin de -
signed to adapt the TIM-bar rel fold [1, 2]. Crys tal li za tion
was only suc cess ful af ter the cre ation of sta ble com plexes
with an ti bod ies from camelids (nanobodies) and alfa-re -

peat (aRep) pro teins [3, 4]. As it turns out, the ex per i men -
tal X-ray struc ture de vi ates con sid er ably from the ide al ized 

de sign, fail ing even at fold level. The ex per i men tal (aba)
sand wich ar chi tec ture bears some re sem blance to a

Rossman- like fold in stead of the in tended TIM-bar rel fold.
This sur pris ing re sult gave us a unique and at trac tive op -
por tu nity to test the state of the art in pro tein struc ture pre -
dic tion. We tested 13 au to mated webservers for pro tein
struc ture pre dic tion and found none of them to pre dict the
ac tual struc ture. More than 50% of them pre dicted a
TIM-bar rel fold.

Note that the ex pected strand 2 (S2), he lix 1 (H1), and
the ma jor ity of the he lix 8 (H8) are miss ing in the X-ray
struc ture.
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Wa ter is the ubiq ui tous sol vent of biomolecules. Even pro -
tein crys tals can con tain up to 80% wa ter by vol ume [1].
Yet wa ter-pro tein in ter ac tions re main fairly poorly char ac -
ter ized. The proba bil is tic na ture of sol va tion and the rich
ge om e try and phys i cal chem is try of the pro tein sur face
make this en vi ron ment es pe cially chal leng ing to probe. In -
ter est ingly, X-ray dif frac tion of macromolecules also con -
tains struc tural in for ma tion about the solvating wa ter [2,3], 
and re cent com pu ta tional and meth od olog i cal ad vances
pro vide new tools ex tract ing that in for ma tion.

In this work we com pare pro tein dif frac tion data for
which ex per i men tal phas ing is avail able to con strained mo -
lec u lar dy nam ics (MD) sim u la tion re sults. By cor re lat ing
the re sult ing spa tial den sity maps, we find that MD wa ter
mod els cap ture the ra dial ex tent of wa ter fairly well, but
fail to de scribe its ori en ta tion around cer tain pro tein at oms.
Den sity cor re la tions are higher for car bons than oxygens
and ni tro gens, and can even dis tin guish be tween dif fer ent
protonation states. We also con firm that wa ter’s dis tri bu -
tion de pends strongly on the pro tein sur face en vi ron ment,
pro vid ing an explanation for the weakness of generic
solvation models [4-6].

The struc tural per for mance of dif fer ent wa ter mod els –
TIP4P, TIP3P, SPC/E, and SPC – is found to be nearly
iden ti cal. Mark edly im prov ing the agree ment be tween
model and ex per i ment would thus re quire mod els that are
trained dif fer ently, or that in clude other as pects of wa ter
sol va tion. The rel a tive ro bust ness of ex ist ing sol vent de -
scrip tions none the less paves the way to treat ing wa ter’s
con tri bu tion to protein refinement more accurately.
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Fig ure 1. Com par i son of the de novo de signed and the X-ray struc ture from Octarellin. 
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Hor mone-sen si tive tu mours, such as breast or pros tate can -
cers, are lead ing causes of death, and ma nip u la tion of ste -
roid sig nal ing is an ef fec tive treat ment.  X-ray struc tures of
ste roid re cep tors have been solved in com plex with
anti-can cer drugs (e.g. tamoxifen); and ste roid mod i fy ing
en zymes have been solved in com plex with steroidal
anti-tu mour drugs (e.g. exemestane, Abiraterone). Al -
though X-ray crys tal log ra phy is es sen tial for struc -
ture-based drug de sign, the vast chem i cal space pre vents
ex per i men tal anal y sis of all in ter act ing com pounds. To de -
sign novel anti-tu mour steroidal com pounds, we use X-ray
crys tal lo graphic data from pro tein-ligand com plexes as
tem plates for mo lec u lar dy nam ics, Monte Carlo and mo -
lec u lar dock ing sim u la tions us ing freely avail able re -
sources. X-ray struc tures of pro teins in com plex with
steroidal drugs used to treat hor mone-de pend ent can cers
were cho sen:  es tro gen re cep tor, an dro gen re cep tor ,

aroma tase (CYP19), 17a-hy drox y lase (CYP17), 17b-HSD 
fam ily en zymes and aldo-keto re duc tases (AKR1Cs) [1]. 
We use in silico meth ods to ask:  Is it pos si ble to re li ably
model new re cep tor-ligand com plexes us ing X-ray struc -
tural data from known re cep tor-ligand struc tures.  Sim u la -
tion re sults are cor re lated with in vi tro and anti-
pro lif er a tion tests us ing hu man can cer cells.  In gen eral, in

silico com pu ta tional meth ods ap pear to pre dict the mo lec u -
lar tar gets of steroidal com pounds, and can re fine pro tein
X-ray crys tal lo graphic data to model new ligand bind ing
ge om e tries (Fig 1) [2-4].  How ever, mod el ling ligand bind -
ing start ing from apo struc tures is likely to fail.  More over,
for flex i ble ligand sites, X-ray struc tures of chem i cally
sim i lar ligand com plexes ap pear nec es sary, com bined with
re fine ment by mo lec u lar dy nam ics or Monte Carlo.  Thus,
ad di tional X-ray struc tures of pro teins bound to di verse
steroidal lig ands are nec es sary for de sign of im proved
anti-can cer steroidal com pounds.
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Fig ure 1. Ex am ple: mod el ling bind ing by new steroidal de riv a tives us ing X-ray struc tural data
(CYP17 + anti-can cer drug Abiraterone).  Pre dicted bind ing en er gies cor re late with anti-
 proliferative ac tiv ity.  


