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STRUCTURE ANALYSIS FOR HUMAN PROLIDASE MUTATIONS GIVES INSIGHT
INTO THE PROLIDASE DEFICIENCY DISEASE MECHANISMS
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Prolidase is a multifunctional en zyme whose bi o log i cal rel -
e vance, its struc ture and mech a nism of ca tal y sis are still
only par tially un der stood [1]. In hu mans prolidase is the
only metalloenzyme that cleaves the iminodipeptides con -
tain ing a proline or hydroxyproline res i due at the C-ter mi -
nal end. Prolidase de fi ciency (PD) is a rare re ces sive
dis or der char ac ter ized by di min ished prolidase ac tiv ity and 
man i fested by va ri ety of clin i cal symp toms [2]. 

Sev eral mu ta tions re spon si ble for loss of prolidase ac -
tiv ity were iden ti fied [3], but the struc tural ba sis of the en -
zyme in ac ti va tion mech a nism re mains un known. The aim
of this study is to de ter mine the in flu ence of sin gle amino
ac ids sub sti tu tions or de le tions on prolidase struc ture.
These mu tant struc tures will help in un der stand ing the
mech a nism of en zyme in ac ti va tion. In this study sev eral

prolidase mu tants were stud ied at BESSY-MX beamlines
[4] by sin gle crys tal X-ray crys tal log ra phy.
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Fig ure 1: In or der to iden tify ions in the ac tive site crys tals were soaked with MnCl2 and GlyPro so lu tion and dif frac tion im -

ages were col lected above and be low Mn ab sorp tion edge. For wild-type (WT) 2Fo-Fc maps con toured at 2.5 s shows po si tion

of two so dium ions. For mu tants anom a lous dif fer ence maps (An oDe) con toured at 10 s shows po si tions of man ga nese ions. 

Ac tive site mu ta tion is high lighted red. Anom a lous dif fer ence maps were cal cu lated with the use of ANODE [5].
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HYPERACTIVITY OF RELAPSED ALL-SPECIFIC cN-II MUTANT IS CAUSED BY
AFFECTED ALLOSTERIC REGULATION
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The re cent stud ies dem on strated that 20 % of re lapsed
acute lymphoblastic leu ke mia (ALL) are as so ci ated with
mu ta tions in NT5C2 en cod ing cytosolic pu rine 5’-nucleo -
tidase (cN-II). The iden ti fied point mu ta tions lead to a
biosynthesis of hy per ac tive en zyme that in ac ti vates drugs
used for che mo ther apy.

The aim of this pro ject is de tailed bio chem i cal and
struc tural char ac ter iza tion of rep re sen ta tive cN-II mu tants
to elu ci date de ter mi nants of their hy per ac tiv ity and to de -
sign ef fi cient strat egy for the phar ma co log i cal in ter ven -
tion. In this study, we scru ti nized the prop er ties of the most
com mon mu tant R367Q.

Anal y sis of en zyme ki net ics showed the R367Q mu tant 
is con sti tu tively ac tive and does not re quire, con trast ing to
the wild-type cN-II, allosteric ac ti va tor such as ATP for ef -
fi cient ca tal y sis. Nev er the less, the mu tant is fully ca pa ble
to bind the effectors of cN-II de spite rather mi nor ef fect on
its cat a lytic prop er ties. As the R367Q aminoacid sub sti tu -
tion is lo cated close to oligomeric in ter face of the cN-II
tetramer, we as sessed the pro tein thermostability as well as
for ma tion of tetrameric as sem bly. Bio phys i cal stud ies re -
vealed that the mu tant forms stable tetramers similarly to
the wild-type.

X-ray crys tal log ra phy showed that over all struc ture of
the R367Q mu tant is sim i lar that of wild-type. How ever,
su per po si tion of the crys tal struc tures elu ci dated changes
in the ar range ment of oligomeric in ter face al ter ing pat tern
of intersubunit in ter ac tions in the cN-II pro tein. These ob -
ser va tions were sup ported by anal y sis us ing hy dro gen/deu -
te rium ex change fol lowed by mass spec trom e try. Us ing
this ap proach the oligomeric in ter face was iden ti fied as
ma jor re gion pos sess ing per turbed ex change rates. It in di -
cates that mu tant is locked in ac tive con for ma tion due to
changes in dynamic motions of the oligomeric interface.

Us ing in te gra tion of struc tural and bio chem i cal tech -
niques, our s work iden ti fies oligomeric in ter face as an im -
por tant compoment of allosteric regulatotion of cN-II that
may be come an in ter est ing tar get for ther apy of ALL.

This work was sup ported by the grant 15-065825 from the
Czech Sci ence Foun da tion and by the the Min is try of Ed u -
ca tion of the Czech Re pub lic (programme “NAVRAT”
LK11205).
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Di ges tive pro te ase cathepsin B1 (SmCB1) of the hu man
blood fluke Schistosoma mansoni is a po ten tial drug tar get
for the treat ment of schis to so mi a sis, a par a sitic dis ease that
af flicts over 200 mil lion peo ple world wide. SmCB1 is
biosynthesized in the form of in ac tive zymogen in which
the propeptide op er ates as an intra-mo lec u lar in hib i tor by
block ing the ac tive site. We in ves ti gated the proteolytic
pro cess ing through which the propeptide is re moved and
iden ti fied a dual ac ti va tion path way for SmCB1 un der the
com plex con trol of sul fated poly sac cha rides. The ac ti va -
tion mech a nism was ex plained us ing crys tal struc tures of

three mo lec u lar forms of SmCB1 along the ac ti va tion path -
way. 

Fur ther, we de ter mined crys tal struc tures of the ma ture
SmCB1 complexed with two peptidomimetic vi nyl sulfone 
in hib i tors to de scribe their bind ing mode. These struc tural
data and bio chem i cal pro fil ing pro vided in sight into the
spec i fic ity of SmCB1 in hi bi tion. We dem on strated that the
se ver ity of phe no types in duced in the par a site by vi nyl
sulfone in hib i tors cor re lated with in hi bi tion of SmCB1 ac -
tiv ity, thus con firm ing SmCB1 as a valu able drug tar get.
Our data pro vide a foot ing for the ra tio nal de sign of
anti-schistosomal pro te ase in hib i tors tar get ing SmCB1.
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DIMERIZATION-INDUCED ALLOSTERIC CHANGES OF THE OXYANION-HOLE
LOOP ACTIVATE THE PSEUDORABIES VIRUS ASSEMBLIN pUL26N, A

HERPESVIRUS SERINE PROTEASE
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Herpesviruses en code a char ac ter is tic serine pro te ase with
a unique fold and an ac tive site that com prises the un usual
triad Ser-His-His. The pro te ase is es sen tial for vi ral rep li -
ca tion and as such con sti tutes a prom is ing drug tar get [1].
In so lu tion, a dy namic equi lib rium ex ists be tween an in ac -
tive monomeric and an ac tive dimeric form of the en zyme,
which is be lieved to play a key reg u la tory role in the or -
ches tra tion of pro te ol y sis and capsid as sem bly [2]. Pre vi -
ously avail able crys tal struc tures of herpesvirus pro teas es
cor re spond ei ther to the dimeric state or to com plexes with
pep tide mimetics that al ter the dimerization in ter face. In
con trast, the struc ture of the na tive monomeric state has re -
mained elu sive. We pres ent the three-di men sional struc -
tures of na tive monomeric, ac tive dimeric, and diisopropyl
fluorophosphate-in hib ited dimeric pro te ase de rived from
pseudorabies vi rus [3], an alphaherpesvirus of swine [4].
These struc tures, solved by X-ray crys tal log ra phy to re -
spec tive res o lu tions of 2.05, 2.10 and 2.03 C, al low a di rect 
com par i son of the main conformational states of the pro te -
ase. In the dimeric form, a func tional oxyanion hole is
formed by a loop of 10 amino-acid res i dues en com pass ing

two con sec u tive arginine res i dues (Arg136 and Arg137);
both are strictly con served through out the herpesviruses. In 
the monomeric form, the top of the loop is shifted by ap -
prox i mately 11 C, re sult ing in a com plete dis rup tion of the
oxyanion hole and loss of ac tiv ity. The allosteric changes
re vealed by these struc tures shed light onto the
dimerization-in duced ac ti va tion of this class of pro teas es.
Small-an gle X-ray scat ter ing ex per i ments con firmed a
con cen tra tion-de pend ent mono mer/dimer equi lib rium of
the pro te ase in so lu tion.

1. L. Tong, C. Qian, M. J. Massariol, P. R. Bonneau, 
M. G. Cordingley, L. Lagacé, Na ture, 383, (1996),
272-275.

2. P. L. Darke, J. L. Cole, L. Waxman, D. L. Hall, 
M. K. Sardana, L. C. Kuo, J. Biol. Chem., 271, (1996),
7445-7449.

3. M. Zühlsdorf, S. Werten, B. G. Klupp, G. J. Palm, 

T. C. Mettenleiter, W. Hinrichs, PLoS Pathog., 11,
(2015), e1005045.

4. T. C. Mettenleiter, Vet. Res., 31, (2000), 99-115.



L19

STRUCTURAL STUDY OF THE COMPLEX OF HUMAN GLUTAMATE
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Small mol e cule lig ands tar get ing hu man glu ta mate
carboxypeptidase II (GCPII) are used in di verse di ag nos tic
and ther a peu tic ap pli ca tions rang ing from pros tate can cer
im ag ing to the ther apy of neu ro log i cal dis or ders. Such in -
hib i tors typ i cally con sist of a glu ta mate moi ety linked to a
zinc-bind ing group to en sure high spec i fic ity and af fin ity
for GCPII, re spec tively. At pres ent, there are no struc tural
data de scrib ing in ter ac tions be tween GCPII and in hib i tors
har bor ing a hydroxamate func tion, the prom i nent

zinc-bind ing func tion used in the field. Here we re port
X-ray struc tures of sev eral com plexes be tween GCPII and
hydroxamate-based in hib i tors. Our struc tures re veal un ex -
pected po si tion ing of hydroxamates in the in ter nal GCPII
pocket that dif fers mark edly from bind ing modes of match -
ing prototypical GCPII in hib i tors fea tur ing dif fer ent
zinc-bind ing groups. The data can be ex ploited for the
struc ture-as sisted de sign of novel GCPII-spe cific in hib i -
tors.
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CRYO-TEM: A THIRD MEMBER JOINS THE HIGH RESOLUTION BAND
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X-Ray Dif frac tion (XRD) and Nu clear Mag netic Res o -
nance (NMR) are form ing the most fa mous duo of meth ods 
used for struc tural anal y sis of bi o log i cal mat ter to un der -
stand how mol e cules in ter act with their tar get at atomic res -
o lu tion and to guide the drug dis cov ery. The two
tech niques com ple ment each other.

Un til now, the Cryo-Trans mis sion Elec tron Mi cros -
copy (Cryo-TEM) has been used to re solve ter tiary struc -
tures of large pro teins and qua ter nary struc tures of pro tein
com plexes at nanometer res o lu tion. Since crys tal li za tion or 
high con cen tra tion of the sam ple are not man da tory pre req -
ui sites to ob tain a good struc ture, Cryo-TEM is ap pli ca ble
to most pro teins and pro vides di rect ob ser va tion of the me -
chan i cal dy nam ics and con for ma tion of flex i ble struc tures
in their nat u ral set ting. Be cause the par ti cles are an a lyzed
sep a rately, the na tive struc ture is not dis torted by non-nat u -
ral cir cum stances. Hence, com pu ta tional sort ing of di verse
con for ma tions of pro teins or pro tein com plexes in a given

prep a ra tion en able the vi su al iza tion of var i ous in ter me di -
ate states and can pro vide ki netic in for ma tion about a spe -
cific in ter ac tion be tween in di vid ual mol e cules. As XRD
and NMR tech niques re port an av er age re sult based on the
summed sig nal of a large pop u la tion of in di vid ual mol e -
cules, such event might be over looked.

Re cently, Cryo-TEM moved to near atomic res o lu tion.
This be came pos si ble through the de vel op ment of new
pow er ful mi cro scopes like the FEI Ti tan Krios, but also
through new im ag ing tech niques (beam in duced move ment 
cor rec tion), con trast en hance ment (phase plates), op ti cal
ab er ra tion cor rec tion tech niques, and new de tec tors (di rect
elec tron de tec tion cam eras). In this pre sen ta tion, we will
re view the tech ni cal break throughs and re cent achieve -
ments re sult ing from this shift of par a digm. We will show
how Cryo-TEM is con sol i dat ing its po si tion as the third
member of a dynamic trio (XRD / NMR / TEM).
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This pre sen ta tion will give an over view of in no va tive tools
that sig nif i cantly con trib ute to the suc cess of pro tein struc -
ture de ter mi na tion by X-ray crys tal log ra phy. 

We will dis cuss how to get more hits us ing fewer con di -
tions, the lat est de vel op ments in crys tal screens, and how to 
choose your screens wisely based on your unique pro ject -
from mem brane pro teins, sol u ble pro teins, nu cleic ac ids,
com plexes and ev ery thing else in-be tween.

A much wider area of crys tal li za tion space is now ac -
ces si ble through the use of unique crys tal growth screens

such as MIDAS, which con tains the larg est collection of
novel precipitants, and the Mor pheus® range of screens,
which were de vel oped by Fabrice Gorrec at the MRC in
Cam bridge which use re agents to yield crys tals where none 
might be ob served in tra di tional screens.

In ad di tion we will be avail able to an swer any ques tions 
on pro tein ex pres sion, plates, and cryocrystallography,
plus im ag ing sys tems and in cu ba tors.


