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OF PROTEINS BOTH IN SOLUTION AND IN MEMBRANES
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A con tin u ally grow ing area of mass spec trom e try is the
anal y sis of pro tein con for ma tion and dy nam ics.  One clas -
sic ap proach is to la bel pro tein mol e cules in so lu tion un der
phys i o log i cal con di tions as the in cor po ra tion of the la bel -
ing agent is a func tion of the folded con for ma tion.  Hy dro -
gen ex change (HX) meth ods la bel the back bone am ide
hy dro gens of pro teins with deu te rium and the lo ca tion and
mag ni tude of the la bel ing can then be de ter mined with

mass spec trom e try (MS).  HX MS stud ies are par tic u larly
well suited for anal y sis of pro teins that will not crys tal lize,
pro teins not ame na ble to NMR, or pro teins avail able in
only small quan ti ties.  This pre sen ta tion will ex plore cur -
rent meth od ol ogy and ap pli ca tions of HX MS, both for
multi-pro tein sys tems in so lu tion and for the anal y sis of
mem brane pro teins us ing liposomes or phospholipid nano -
discs.
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Cellobiose dehydrogenase (CDH) is an en zyme in volved
in the early pro cesses of lignocellulose cat a bolic deg ra da -
tion. Be ing the only cur rently known extracellular flavo -
cytochrome, CDH is unique from the point of view of its
mo lec u lar ar chi tec ture. It is a monomeric glycoprotein con -
sist ing of two do mains con nected by a flex i ble linker. The
com bi na tion of a haem with a FAD mol e cule within a sin -
gle pro tein gives CDH the abil ity to ex change elec trons
with a va ri ety of in ter ac tion part ners, thus mak ing it an in -
ter est ing en zyme for re search in the fields of biocatalysis
and biosensors.

To probe the in-so lu tion struc tural or ga ni za tion of this
multidomain en zyme as well as its pro posed confor -
mational changes un der dif fer ent pH con di tions, we em -
ployed am ide hy dro gen/deu te rium ex change in combi -
na tion with mass spec trom e try (HDX-MS).

Prior to HDX-MS ex per i ments we thor oughly char ac -
ter ized pri mary se quence of CDH us ing mass spec trom e try
meth ods. We ex am ined the disulfide bond or ga ni za tion of

CDH, found all six po ten tial N-glycosylation sites in CDH
mol e cule to be dec o rated with high-mannose type glycans
and more over, we un cov ered an ex ten sive O-glycosylation
of the interdomain linker re gion. Next, we op ti mized di ges -
tion con di tions and per formed HDX-MS ex per i ment ex -
am in ing the con for ma tions at pH 5.4 (en zy matic pH
op ti mum) and pH 7.4 (only re sid ual ac tiv ity re main ing).
The data in di cate a conformational change near the pro -
posed do main in ter face, which could be ex plained by
“open ing” of the two-do main as sem bly at higher than op ti -
mal pH. These re sults are in agree ment with sed i men ta tion
ve loc ity data from an a lyt i cal ul tra cen tri fu ga tion, which
dem on strate a global conformational change in the CDH
mol e cule at pH 5.4 and pH 7.4.

This work has been sup ported by the Grant Agency of the
Czech Re pub lic (GACR P206/12/0503) and by the In sti tu -
tional Re search Pro ject of the In sti tute of Mi cro bi ol ogy
(RVO61388971).
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In tro ducti on

De ter mi na tion of pro tein con for ma tion has tra di tion ally
been re al ized by X-ray crys tal log ra phy and NMR spec tros -
copy. Al though these tech niques pro vide high res o lu tion
atomic data, they have some lim i ta tions. Both NMR and
X-ray re quire large amounts of pure analyte and are
time-con sum ing tech niques. Mass spec trom e try com bined
with chem i cal cross-link ing of fers al ter na tive ap proach to
iden tify the pro tein fold. This method is fast and uses small
amounts of ma te rial. Our aim was to gain in sight into
low-res o lu tion struc ture of NKR-P1C re cep tors. NKR-
 P1C is an ac ti vat ing im mune re cep tor ex pressed on the sur -
face of mouse nat u ral killer cells. Us ing dis tance con -
straints de rived from chem i cal cross-link ing and disulfide
ar range ment in com bi na tion with com pu ta tional meth ods,
pro tein con for ma tion was de signed. The val i da tion of
struc tural model was ad dressed us ing ion-mo bil ity mass
spec trom e try.

Methods

In or der to de sign struc tural model of NKR-P1C, pro tein
was cross-linked us ing homobifunctional cross-link ing re -
agents disuccinimidyl suberate (DSS) and disuccinimidyl
glutarate (DSG). Af ter cross-link ing re ac tion, SDS-PAGE
of cross-link ing re ac tion mix ture was per formed. Also,
disulfide bound ar range ment was de ter mined af ter non-re -
duc ing SDS-PAGE.  The band of cross-linked or non-re -
duced pro tein was ex cised and sub jected to in gel di ges tion
by Asp-N and trypsin. The pep tide mix tures from the en zy -
matic di gest were an a lyzed by LC/ESI-FT-ICR MS. Cross-  
links and disulfide-linked prod ucts were iden ti fied us ing
Links soft ware. These dis tance con straints were used for
mo lec u lar mod el ing. Homology mod el ing fol lowed by a
short steep est de scent minimization was per formed us ing
the MODELLER 9v7 pack age. To ver ify the fold of
NKR-P1C, na tive mass spec trom e try with ion mo bil ity
mea sure ments were per formed.

Pre li mi na ry Data

Re straint-based com pu ta tional mod el ing was used to gen -
er ate a model that rep re sents the ex per i men tally de ter -
mined con straints with a min i mum of vi o la tions. Mo lec u lar 
dy nam ics was used to re fine the model and to de scribe the
most pop u lated pro tein con form ers in so lu tion. In ad di tion
to the po si tional con straints ob tained from the disulfide
map ping and from cross-link ing ex per i ments the model
needs to pre serve the over all C-type lectin-like fold in these 
sim u la tions, as the pro tein core is strongly con served, and
the tem plate and mod eled struc ture share a se quence iden -
tity of 88%. How ever, as crys tal struc tures are rigid con -
trary to pro tein dis solved in so lu tion we al lowed the side
chains in the core to be more flex i ble and adapt to the given
ex per i men tally de ter mined con straints. Spe cific at ten tion
was paid to the ex tended loop re gion pro posed to be in -
volved in pro tein-ligand in ter ac tions and ligand spec i fic ity. 
The only crys tal struc ture pub lished to date for the en tire
NKR-P1 fam ily, mouse NKR-P1A, shows this ex tended
loop point ing away from the pro tein core, in a con for ma -
tion in which the loop would be fully ex posed to the sol -
vent. Such a con for ma tion could be clearly ex cluded from
the cross-links of the pro tein in so lu tion. This was fur ther
sup ported by IM-MS mea sure ments cor re spond ing to the
com pact form of the mol e cule based on the ex per i men tally
de rived collisional cross sec tion. There fore, in the most
pop u lated con for ma tion in so lu tion, NKR-P1C most likely
adopts the con for ma tion sim i lar to the so lu tion struc ture of
NKR-P1A. Our model en ables us to de scribe this con for -
ma tion on an atomic scale.

This work has been fi nan cially sup ported by the Grant
Agency of the Czech Re pub lic (GACR P207/10/1040), the
Min is try of Ed u ca tion, Youth and Sports of the Czech Re -
pub lic (Cen tre for Mi cro bi ol ogy CZ.1.07/2.3.00/20.0055),
and by the In sti tu tional Re search Pro ject of the In sti tute of
Mi cro bi ol ogy (RVO61388971).



L4

ANALYSIS OF HETEROGENEOUS HINGE-REGION O-GLYCOSYLATION OF HUMAN

IGA1 USING MALDI-TOF/TOF MASS SPECTROMETRY

Vojtìch Franc1, Pavel Øehulka2, Martin Raus3, Jiøí Stulík2, Jan Novak4, 
Mat thew B. Renfrow5, and Marek Šebela1,3

1De part ment of Pro tein Bio chem is try and Proteomics, Cen tre of the Re gion Haná for Bio tech no log i cal and
Ag ri cul tural Re search, Fac ulty of Sci ence, Palacký Uni ver sity, Šlechtitelù 11, 

CZ-783 71 Olomouc, Czech Re pub lic; 
2In sti tute of Mo lec u lar Pa thol ogy, Fac ulty of Mil i tary Health Sci ences, Uni ver sity of De fence, Tøebešská

1575, CZ-500 01 Hradec Králové, Czech Re pub lic; 
3De part ment of Bio chem is try, Fac ulty of Sci ence, Palacký Uni ver sity, Šlechtitelù 11, 

CZ-783 71 Olomouc, Czech Republic; 
4De part ment of Mi cro bi ol ogy, Uni ver sity of Al a bama at Bir ming ham, Bir ming ham, AL 35294, USA; 

5De part ment of Bio chem is try and Mo lec u lar Ge net ics, Uni ver sity of Al a bama at Bir ming ham, Bir ming ham, 
AL 35294, USA

Changes in the glycosylation pat terns of var i ous glyco -
proteins are as so ci ated with sev eral dis eases. Hence de ter -
min ing dis ease-as so ci ated glycosylation pat terns and
het er o ge ne ity pro vides a better un der stand ing of dis ease
mech a nisms. This work fo cuses on the O-glycosylation of
im mu no glob u lin A1 (IgA1), where ab er rant glycosylation
plays a key role in the pathogenesis of IgA nephropathy
(IgAN). IgA1 hinge re gion car ries 3-6 O-glycans con sist -
ing of N-acetylgalactosamine (GalNAc) with galactose
(Gal); both glycans may be sialylated. In IgAN pa tients,
some O-glycans on a frac tion of IgA1 mol e cules are
Gal-de fi cient. Here we de scribe a sam ple prep a ra tion pro -
to col with op ti mized cysteine alkylation of a Gal-de fi cient
poly meric IgA1 myeloma pro tein prior to in-gel di ges tion

and anal y sis of hinge-re gion glycopeptides by MALDI-
 TOF/TOF mass spec trom e try (MS) as a novel strat egy.
IgA1 hinge-re gion glycopeptides were frac tion ated by re -
versed-phase liq uid chro ma tog ra phy us ing a microgradient 
de vice and iden ti fied by MALDI-TOF/TOF tan dem MS
(MS/MS). The ac quired MS/MS spec tra were in ter preted
man u ally and by means of our own soft ware, which al -
lowed as sign ing up to six O-glycosylation sites and sug -
gested pos si ble iso meric O-glycoforms. The most
abun dant Gal-de fi cient O-glycoforms were GalNAc4Gal3

and GalNAc5Gal4 with one Gal-de fi cient site and
GalNAc5Gal3 and GalNAc4Gal2 with two Gal-de fi cient
sites. The most fre quent Gal-de fi cient sites were at Ser230
and/or Thr236.

 Thursday, March 14, Session II

L5
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Re pet i tive extragenic palindromic el e ments (REPs) con sti -
tute a group of bac te rial genomic re peats known for their
high abun dance and sev eral func tions of im por tance for
host cells´ phys i ol ogy. We an a lyzed the phylo gen etic dis -
tri bu tion of par tic u lar classes of REP el e ments in genomic
se quences of sixty-three bac te rial strains be long ing to the
Pseu do mo nas fluorescens spe cies com plex and ten strains
of Stenotrophomonas sp., in or der to as sess intraspecific
REP di ver sity and to gain in sight into long-term REP evo -
lu tion. 

Based on prox im ity to RAYT (REP-as so ci ated ty ro sine 
transposase) genes, twenty-two and thir teen unique REP
classes were de ter mined in flu o res cent pseudomonads and
stenotrophomonads, re spec tively.  REPs were gen er ally
oc cur ring in hun dreds or even over a thou sand of per fect

cop ies of par tic u lar REP class per ge nome. REP se quences
showed highly heterogenous dis tri bu tion. The abun dances
of REP classes roughly fol lowed host strains´ phy log eny,
dif fer ing mark edly among phylo gen etic clades. High abun -
dances of par tic u lar REP classes ap peared to de pend on the
pres ence of cog nate RAYT gene, and de vi a tions from this
state could be at trib uted to re cent or an cient mu ta tions of
rayt-flank ing REPs, or RAYT loss. RAYTs of both stud ied 
bac te rial groups are monophyletic, and their cog nate REPs
show spe cies-spe cific char ac ter is tics, sug gest ing shared
evo lu tion ary his tory of REPs, RAYTs and their hosts. 

Our results show that REP elements constitute
intriguingly dynamic components of genomes of
fluorescent pseudomonads and stenotrophomonads, and
indicate that REP diversification and proliferation are
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