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Se rum al bu min is a heart-like shape, three-do main pro tein
with mostly al pha-he li cal struc ture.  High flex i bil ity of al -
bu mins and pres ence of three do mains, pos sess ing high ca -
pac ity for bind ing a wide va ri ety of lig ands, makes se rum
al bu mins uni ver sal car ri ers of dif fer ent mol e cules in or gan -
ism. 

Among mam ma lian se rum al bu mins, only a few se rum
al bu mins’ struc tures from dif fer ent or gan isms have been
known, most of them were de ter mined by the X-ray Anal y -
sis Lab o ra tory at Lodz Uni ver sity of Tech nol ogy [1]. Re -
cently, we ob tained crys tal struc tures of ovine se rum
al bu min (OSA) and caprine se rum al bu min (CSA) in com -
plexes with num ber of anti-in flam ma tory drugs mol e cules.
These struc tures al low anal y sis of ligand binding sites of
various serum albumins. 

OSA and CSA, next to BSA (bo vine se rum al bu min)
be long to the even-toed ungulates’ se rum al bu mins. Their
se quen tial iden tity is as high as 92-98.5%, but even these
small dif fer ences in flu ence on ca pac ity of al bu min bind ing
pock ets and their af fin ity to ligands. 

The most fre quently in ves ti gated com pounds car ried
by al bu mins are drug mol e cules. Pre sented com plexes of
OSA and CSA with pop u lar anti-in flam ma tory drugs,
diclofenac, diflunisal and naproxen (Fig. 1), are com pared

with anal o gous com plexes of al bu mins from dif fer ent spe -
cies. It is in ter est ing that al bu mins from such a closely re -
lated or gan isms show dif fer ences in binding the same
drugs molecules.

Nonsteroidal anti-in flam ma tory drugs (NSAIDs) are

ones of the most com monly used me di ca ments. They are
widely ap plied in treat ment of var i ous in flam ma tory dis -
eases, as so ci ated with the aches and sus tained pain, such as
ar thri tis and rheumatism [2].

Crys tal struc tures of al bu min-drug com plexes give pre -
cise in for ma tion about num ber and lo cal iza tion of drug
bind ing sites and also about the char ac ter of these in ter ac -
tions. This knowl edge, con sid er ing drugs af fin ity to se rum
al bu mins, con trib utes to the un der stand ing of the
mechanism of drug delivery.

This re search was sup ported by grant 2013/11/B/
ST5/02271 from the Na tional Sci ence Cen tre, Po land.

1. A. Bujacz, Acta Crystallogr. D68(10) (2012) 1278-1289.

2. K. D. Rainsford, Subcell Biochem. 42 (2007) 3-27.
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Fig ure 1. Struc tural for mu las for diclofenac (a), naproxen (b) and diflunisal (c).
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In the last de cade, frag ment-based lead dis cov ery has
evolved into a widely ap plied tech nique in drug de vel op -
ment. While orig i nally pre-screen ing frag ment bind ing in -
ves ti ga tions by bio phys i cal meth ods were man da tory,
now a days com plete frag ment li brar ies can be screened by
X-ray crys tal log ra phy, ow ing to the ever in creas ing level
of au to ma tion in dif frac tion data col lec tion us ing syn chro -
tron ra di a tion and pro cess ing. In this con text, it is es sen tial
to use high through put meth ods, to have good dif frac tion
qual ity tar get pro tein crys tals and to work with a high qual -
ity frag ment li brary. Thor ough crys tal lo graphic anal y sis of
pro tein-frag ment com plexes and their bind ing modes re -
veal de tailed struc tural knowl edge to de velop frag ments
(100-200 Da) into new po ten tial lead struc tures (300-500
Da).

Re cently, we have started to es tab lish an ex per i men tal
fa cil ity op ti mized for high through put frag ment screen ing
at the BESSY II stor age ring [1, 2]. 

We have val i dated our as sem bled li brary of 96 frag -
ments against two tar get pro teins. These ini tial re sults re -

vealed that this li brary can iden tify bind ing part ners at a hit
rate of about 10%.

In ad di tion we are cur rently test ing sev eral novel tech -
niques to sim plify and ac cel er ate sam ple prep a ra tion.

The ul ti mate aim is to make our li brary in com bi na tion
with a highly au to mated beamline [3] avail able for ac a -
demic and in dus trial us ers. This unique fa cil ity for screen -
ing ex per i ments and eval u a tion of bound frag ments will
en able ef fi cient frag ment screen ing on a much broader
basis.

1. U. Mueller, N. Darowski, M.R. Fuchs, R. Förster, 
M. Hellmig, K.S. Paithankar, S. Pühringer, M. Steffien, 
G.   Zocher, M. S. Weiss, 2012. , J. Syn. Rad., 19, 442.

2. U. Mueller, R. Förster, M. Hellmig, F. U. Huschmann, A.
Kastner, P. Malecki, S. Pühringer, M. Röwer, K. Sparta, M. 
Steffien, M. Ühlein, P. Wilk and M. S. Weiss, 2015, Eur.

Phys. J. Plus, 130: 141 pp.

3. M. Krug, M. S. Weiss, U. Heinemann and U. Mueller,
2012, J. Appl. Cryst. 45, 568-572.
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 STRATEGIES FOR DIFFICULT TARGETS: PRODUCTION OF READILY
CRYSTALLIZABLE GLYCOPROTEINS IN HEK293S GnTI

-
 CELL LINE, A CASE STUDY
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Re com bi nant pro tein ex pres sion can be a costly en ter prise,
es pe cially for pro teins that are not eas ily ex pressed in
prokaryotic cells and are some times la beled as „dif fi cult
tar gets“. Here we would like to show a case study of a re -
com bi nant ex pres sion of such a dif fi cult tar get – hu man
nat u ral killer cell re cep tor pro tein 1 (NKRP1; gene klrb1)
and its bind ing part ner lectin-like tran script 1 (LLT1;
clec2d).

Hu man em bry onic kid ney 293 cell line de fi cient in
N-acetylglucosaminyltransferase I (HEK293S GnTI-) is
well known tool for ex pres sion of pro teins with ho mo ge -
neous and deglycosylatable N-glycosylation, a fea ture cru -
cial es pe cially for pro tein crys tal log ra phy [1]. How ever,
pro duc tion pro to col us ing this cell line based on tran sient
transfection of ad her ent cell cul ture is costly to scale-up
and has re port edly lower ex pres sion yields [2]. In this work 
we have adapted HEK293S GnTI- cell line to growth in
sus pen sion and op ti mized its tran sient transfection. While
transfection at stan dard cul ti va tion cell den sity proved very 
lit tle suc cess we have found out that con cen trat ing the cells
to high cell den sity sub stan tially in creases transfection ef fi -
ciency, greatly en hanc ing pro tein yields and creating fast
and scalable production process.

We dem on strate this on the pro duc tion of sol u ble LLT1 
[3] nat u rally pres ent on nat u ral killer and T-lym pho cytes,
but upregulated in glioblastoma cells, one of the most le thal 

tu mors, where it acts as a me di a tor of im mune es cape. The
pre pared sol u ble do main of LLT1 with ho mo ge neous
glycosylation was readily crys tal lized and fol low ing op ti -
mi za tion of crys tal con di tions this pro tein prep a ra tion ul ti -
mately led to the first struc ture de ter mi na tion of this
re cep tor de scribed so far [4]. In or der to im prove on the
pro duc tiv ity for hNKRP1 we are now us ing a stably
transfected HEK293S GnTI- cell pool with a tenfold yield
improvement.
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3. J. Bláha, P. Pachl, P. Novák, O. Vanìk, Pro tein Expres.
Purif., 109, (2015), 7.

4. T. Skálová, J. Bláha, K. Harlos, J. Dušková, T. Koval’, J.
Stránský, J. Hašek, O. Vanìk, J. Dohnálek, Acta
Crystallogr. D Biol. Crystallogr., 71, (2015), 578.

This study was sup ported by BIOCEV (ERDF
CZ.1.05/1.1.00/02.0109), Czech Sci ence Foun da tion
(15-15181S), Min is try of Ed u ca tion, Youth and Sports of
the Czech Re pub lic (LG14009), Charles Uni ver sity
(UNCE 204025/2012, SVV 260079/2014), BioStruct-X and 
In struct Eu ro pean in fra struc ture pro jects.

Ó Krystalografická spoleènost

HEC-18, Fri day 17:45-19:00       347



Ó Krystalografická spoleènost

348 HEC-18, Fri day 17:45-19:00 Ma te ri als Struc ture, vol. 22, no. 5 (2015)

L25
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Protonation and tau tom er ism at the histidine side chain N
at oms (Fig. 1) af fect the ge om e try of the five-membered
imidazole ring. We have an a lyzed and com pared the ge om -
e try of the imidazole moi eties found in atomic-res o lu tion
pro tein crys tal struc tures in the Pro tein Data Bank (PDB)
and in small-mol e cule struc tures in the Cam bridge Struc -
tural Da ta base (CSD). 

The dif fer ent protonation states lead to sig nif i cant ge -
om e try vari a tions of the imidazole moi ety, both in the bond 
lengths and va lence an gles within the ring. We show that
lin ear discriminant anal y sis [1] can be used for the rec og ni -
tion of the protonation state of imidazole moi eties with suf -
fi ciently ac cu rate ge om e try. Based on the CSD struc tures,
we de fined and trained two poly no mial func tions, cor re -
spond ing to lin ear com bi na tions of the four most sen si tive
stereochemical pa ram e ters: two bond lengths (ND1–CE1
and CE1–NE2) and two endocyclic va lence an gles
(–ND1– and –NE2–). The re sults ob tained from the struc -

tural in for ma tion avail able in the CSD have been con -
firmed by a corresponding analysis of the best PDB entries.

More over, we pro pose to re vise the cur rently used [2]
geo met ri cal re straints for histidine, and to dis tin guish,
wher ever pos si ble, be tween the ND1-, NE1- and dou -
ble-protonated histidine side chains for use in
macromolecular re fine ment. We rec om mend to use the re -
vised re straint tar gets and weights when the protonation
state can be fig ured out from the hy dro gen-bond ing or
metal co or di na tion pat tern, or when the struc ture is at near
atomic (or higher) resolution.

1. G. McLachlan, in Discriminant Anal y sis and Sta tis ti cal
Pat tern Rec og ni tion (Hoboken: Wiley-Interscience), 2004.

2. R. A. Engh & R. Huber, in In ter na tional Ta bles for Crys -
tal log ra phy, Vol. F, ed ited by M. G. Rossmann & E. Ar -
nold (Dordrecht: Kluwer Ac a demic Pub lish ers), 2001, pp.
382–392.

Fig ure 1. Imidazole ring tau to meric forms with ND1 protonated (a) and NE2 protonated (b), and the prin ci pal mesomeric forms of the
imidazolium cat ion with both N at oms protonated (c-d).
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A NEW THERMOFLUOR DESIGN: SCREENS BASED ON FUNDAMENTAL AND

SPECIFIC VARIABLES
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The suc cess of pro tein pu ri fi ca tion, crys tal li za tion and fur -
ther down stream pro cesses greatly de pends on the iden ti fi -
ca tion of a buffer en vi ron ment that in creases pro tein’s
sta bil ity and ho mo ge ne ity in so lu tion [1, 2]. The ther mal
shift-based JBS FUNDAMENT and JBS SPECIFIC
screens al low iden ti fi ca tion of pro tein-sta bi liz ing buffer 
con di tions us ing the con cept of strictly cat e go riz ing buffer
com po nents into 
1. FUNDAMENTAL fac tors that in flu ence the whole
pro tein mol e cule such as pH and ionic strength and
2. SPECIFIC fac tors that af fect en er get i cally im por tant
hot spots on the pro tein such as cat ions, an ions or small
mol e cules. 

Both screens are based on broad-range buffer sys tems
[3] there fore screen ing the pure pH ef fect from pH 4.0 –
10.0.

While JBS FUNDAMENT al lows screen ing the pure
pH ef fect at dif fer ent ionic strengths, the JBS SPECIFIC
is de signed for screen ing of high-scor ing mono-, di- and
tri va lent ions [4]. 

JBS Thermofluor Screens are pro vided in ready-to-use
96-well PCR plate for mat com pat i ble with stan dard qPCR
ma chines and fur ther con tain a con trol pro tein and dye,
thus serv ing as rapid ap proach for sta bi liz ing the pro tein of
in ter est in vi tro.

1. Boivin et al. (2013) Op ti mi za tion of pro tein pu ri fi ca tion
and char ac ter iza tion us ing Thermofluor screens. Pro tein
Ex pres sion and Pu ri fi ca tion 91:192. 

2. Reinhard et al. (2013) Op ti mi za tion of pro tein buffer cock -
tails us ing Thermofluor. Acta Cryst. F 69:209. 

3. Newman (2004) Novel buffer sys tems for macromolecular
crys tal li za tion. Acta Cryst. D  60:610. 

4. http://www.rcsb.org/pdb/home/home.do.
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