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The pro duc tion of high qual ity pro tein sam ples is cru cial in
ob tain ing mean ing ful bio phys i cal data. In con trast to nu -
cleic ac ids, pro teins do not share an ap pre cia ble num ber
of com mon traits, which makes the pro duc tion and pu ri fi -
ca tion of ac tive and well de fined sam ples of the pro tein of
in ter est quite chal leng ing and unique: One-size-fits-
 all strat e gies are se duc tive but of ten lead to fail ure. Knowl -
edge about the over all pu rity of the pro tein sam ple, as es ti -
mated by for ex am ple SDS-PAGE gel anal y sis, is by far not 
suf fi cient. The best pos si ble start ing point for any given
bio phys i cal study is to the know an swers to ba sic ques tions
such as, do main or ga ni za tion (in-silico anal y sis), pu rity
(SDS, IEF, SEC), sol u bil ity and ag gre ga tion state, en zy -
matic ac tiv ity, pH op ti mum and pI, tem per a ture op ti mum,
to name a few.

The aim of the lec ture will be to sen si tize the stu dents
for the topic by ad dress ing a few im por tant as pects such as
the Hofmeister se ries and the sol u bil ity phase di a gram,
themes that are of ten ne glected or underestimated.

Prim ers

I.    A. McPherson, Crys tal li za tion of bi o log i cal
macromolecules, Cold Spring Har bor Lab o ra tory Press.

II.   S. Iwata, Meth ods and re sults in crys tal li za tion of mem -
brane pro teins, In ter na tional Uni ver sity Line Bio tech nol -
ogy se ries.

III.  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.
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Proteolytic en zymes, also called peptidases or pro teas es,
hy dro lyze pro teins into smaller frag ments (pep tides) and
of ten fur ther into sin gle amino ac ids. Peptidases are pres ent 
in all liv ing or gan isms from vi ruses to ver te brates where
main tain many cru cial bi o log i cal pro cesses (eg di ges tion,
wound heal ing and re mod el ing or an ti gen pre sen ta tion).
Peptidases are of ten parts of a com plex pro tein mix ture and 
the as so ci a tion of peptidolytic ac tiv ity to a spe cific type of
peptidases can be prob lem atic. To dis tin guish among the

var i ous peptidases, their proenzymes and/or ma ture en -
zymes as well as among the dif fer ent en zy matic isoforms in 
any bi o log i cal sam ple, zymography can be used.
Zymography serves as a fast, sim ple and sen si tive elec tro -
pho retic tech nique, which al lows us to study the hydrolytic
ac tiv ity of any pro tein sam ple on the ba sis of sub strate deg -
ra da tion.

The re search was sup ported from ERDF Pro ject No.
CZ.02.1.01/0.0/0.0/15_003/0000441.



Ó Krystalografická spoleènost

86 Pro teins in Ac tion - Lectures Ma te ri als Struc ture, vol. 24, no. 2 (2017)

L3

WHAT TO DO IF THE PROTEIN “DOES NOT COOPERATE”

Lubica Urbanikova

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

lubica.urbanikova@savba.sk

Prep a ra tion of pure pro teins in a suf fi cient amount and de -
sired qual ity is a cru cial step in struc ture-func tion  stud ies.
The main prob lems en coun tered on the way from the gene
ex pres sion to pro tein struc ture de ter mi na tion are re lated to
pro tein sol u bil ity, ho mo ge ne ity and crystallizability. 

A va ri ety of meth ods have been de vel oped for pro tein
pro duc tion, pu ri fi ca tion, etc., how ever, all steps and con di -

tions have to be op ti mized with re spect to the prop er ties of
each in di vid ual pro tein. Thus, the pro tein it self can be con -
sid ered as one of the pa ram e ters and can also be op ti mized.
Pos si ble ap proaches and strat e gies for mod i fy ing pro teins,
e.g. de sign of sin gle amino acid mu ta tions or fu sion pro -
teins,  us ing the meth ods of bioinformatics and mo lec u lar
bi ol ogy will be dis cussed.
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Very lit tle hap pens in any bi o log i cal sys tem un less two or
more mol e cules come to gether to form a sta ble com plex
[1]. When mol e cules in ter act through spe cific mo lec u lar
con tacts, all of the prin ci ples of ther mo dy nam ics, dy nam -
ics, and biomolecular struc ture and rec og ni tion come into
play. As in creas ing num bers of new pro teins and DNA se -
quences are en tered into da ta bases such as SWISSPROT or 
GenBank, rapid meth ods to ac cu rately char ac ter ize these
biointeractions are needed. One use ful model to con sider

in volves a tar get mol e cule (T) with a spe cific bind ing site
(such as a par tic u lar re gion in a pro tein ter tiary struc ture or
a spe cific se quence of DNA) and a probe mol e cule (P) that
can bind to that site. The sim plest bind ing model cor re -

sponds to P + T ® C, where C is the re sult ing com plex.
Probe mol e cules can vary from small me tab o lites or drugs
to large tran scrip tion com plexes, and their in ter ac tions
with the tar get range from the highly spe cific (P binds a sin -
gle site) to the non spe cific (P binds most sites in the tar get

Fig ure 1: Il lus trated SPR. At left, an SPR op ti cal unit and a sen sor chip de tect the P mol e cules (green spheres) in the flow so lu tion,
which passes by the T (pink di a monds) linked to the dex tran ma trix. The blue SPR an gle de fines the po si tion of the re duced-in ten sity
beam. Time points T1 and T2, shown in the sche matic sensorgram (right) cor re spond to the two red SPR an gles, which shift as P binds
to T over time. As the con cen tra tion of bound P in creases (ar row), the RU re sponse ap proaches sat u ra tion. The com plex dis so ci ates
upon re in tro duc tion of the buffer. As shown, the re sponse to the in jec tion so lu tion will fall be low the base line if its re frac tive in dex is
lower than that of the buffer [Figure adapted from reference 1, Wilson et al.].
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class, such as re lated DNA se quences). In in ter ac tion pro -
cesses that are com pli cated, there can be mul ti ple bind ing
sites, co op er a tive in ter ac tions, and so forth [1-3]. In or der
to de ter mine the equi lib rium and/or ki netic con stants for
bind ing, all tech niques must fac tor the con cen tra tions of P
and T into the con cen tra tions of free P and T, on the left
side of the equa tion, as well as the con cen tra tions in C, on
the right side of the equa tion. This eval u a tion can be
achieved by var i ous meth ods, in clud ing equi lib rium di al y -
sis, spec tral mea sure ments, gel shift, cal o rim e try, DNase I
footprinting, and re lated tech niques [1-4]. Many of these
meth ods re quire la bel ing of P or T with a flu o res cent or ra -
dio ac tive tag. 

A re cent de vel op ment in in stru ments that in ves ti gate
biomolecular in ter ac tions in la bel-free mode, is sur face
plasmon res o nance (SPR) de tec tion with a biospecific sen -
sor chip [1-4]. In BIACORE tech nol ogy, the sen sor chip is
cre ated by ap ply ing a thin layer of gold (~50 nm) to a glass
sur face (Fig ure 1, left). In the most com mon type of sen sor
chip, carboxymethyl-dex tran is linked to the gold to give
the in ter ac tion layer (~100 nm thick). One of the in ter act -

ing mol e cules, ei ther T or P, must be linked to this layer to
cre ate the biospecific rec og ni tion sur face. Be cause SPR re -
sponds to changes in re frac tive in dex (Fig ure 1, right) and,
thus, to changes in mass, it is ad van ta geous to at tach the
mol e cule with the low est mo lec u lar weight to the sur face. 

1. W. Da vid Wil son, Sci ence. 295, 2103-5 (2002), and ref er -
ences therein. 

2. C. R. Can tor, P. R. Schimmel, Bio phys i cal Chem is try
(Free man, New York, 1980), vol. III. 

3. L. G. Fagerstam et al., J. Chromatogr. 597, 397 (1992), and 
ref er ences therein.

4. BIAtechnology Hand book, (BIACORE AB, Uppsala, Swe -
den, 1998)

IN is Ma rie Cu rie Fel low fi nanced by Programme
SASPRO, co-funded by Eu ro pean Un ion and the Slo vak
Acad emy of Sci ences un der the con tract No. 0003/01/02.
IN ac knowl edges the con tri bu tion of the Slo vak Re search
and De vel op ment Agency un der the pro ject APVV-14-
 0839 and the con tri bu tion of the Sci en tific Grant Agency of
the Slo vak Re pub lic un der the grant 2/0103/15.
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Thermofluor as say, also known as dif fer en tial scan ning
fluorimetry or ther mal shift as say, is a flu o res cence-based
bio phys i cal method used to as sess pro tein thermostability.
Tem per a ture gra di ent is ap plied on pro tein sam ple in the
pres ence of a hy dro pho bic flu o res cent dye, which binds to
the hy dro pho bic core of the pro tein ex posed dur ing the un -
fold ing pro cess, and flu o res cence sig nal is re corded. Melt -
ing tem per a ture, de ter mined from the pro tein melt ing
curve, is a mea sure of pro tein sta bil ity in the given en vi ron -
ment. 

Thermofluor was orig i nally de vel oped for high-
 through put screen ing for lig ands [1], but the ap pli ca tion of
this ver sa tile tech nique is not lim ited to drug dis cov ery. It
can be used for mon i tor ing of pro tein-pro tein in ter ac tions
[2], as sess ment of pro tein-ligand af fin ity [3], iden ti fi ca tion
of pro tein func tion [4], eval u a tion of prop er ties of pro tein
con structs in en gi neer ing [5], or op ti mi za tion of pu ri fi ca -
tion procedure [6]. 

Thermofluor as say is a key tech nique of struc tural bi ol -
ogy [7]. Iden ti fi ca tion of buffer con di tions or ad di tives sta -
bi liz ing the pro tein prior to crys tal li za tion greatly im proves 
the hit rate in ini tial crys tal li za tion screen ing tri als. Ther -
mo fluor-based buffer op ti mi za tion can also give rise to al -
ter na tive crys tal forms with im proved dif frac tion qual ity.
Ap pli ca tion of thermofluor will be demonstrated on
example cases. 

1.  Pantoliano et al. (2001) High-den sity min ia tur ized ther mal
shift as says as a gen eral strat egy for drug dis cov ery, J.
Biomol. Screen. 6, 429-40.

2. Kopec & Schnei der (2011) Com par i son of flu o res cence
and light scat ter ing based meth ods to as sess for ma tion and
sta bil ity of pro tein-pro tein com plexes, J. Struct. Biol. 175,
216-23.

3. Matulis et al. (2005) Ther mo dy namic sta bil ity of car bonic
anhydrase: mea sure ments of bind ing af fin ity and
stoichiometry us ing ThermoFluor, Bio chem is try. 44,
5258-66.

4. Carver et al. (2005) De crypt ing the bio chem i cal func tion
of an es sen tial gene from Strep to coc cus pneumoniae us ing
ThermoFluor tech nol ogy, J. Biol. Chem. 280, 11704-12.

5. Lavinder et al. (2009) High-through put ther mal scan ning: a 
gen eral, rapid dye-bind ing ther mal shift screen for pro tein
en gi neer ing, J. Am. Chem. Soc. 131, 3794-5.

6. Mezzasalma et al. (2007) En hanc ing re com bi nant pro tein
qual ity and yield by pro tein sta bil ity pro fil ing, J. Biomol.
Screen. 12, 418-28.

7. Ericsson et al. (2006) Thermofluor-based high-through put
sta bil ity op ti mi za tion of pro teins for struc tural stud ies,
Anal. Biochem. 357, 289-98.


