
The Hpy99I-DNA co-crys tal struc ture pro vides the first

de tailed il lus tra tion of the bba-Me ac tive site in re stric -
tion endonucleases and com ple ments struc tural in for ma -
tion on the use of this ac tive site mo tif in other groups of
en zymes such as hom ing endonucleases (e.g. I-PpoI) and
Holliday junc tion resolvases (e.g. T4 endonuclease VII).
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Struc tural genomics pro jects dem on strate that about half of 
all crys tal lized pro teins can not be op ti mized to form suit -
able crys tals for struc ture de ter mi na tion - which trans lates
into roughly 15% of all pro teins [1,2]. While a thor ough
op ti mi za tion of ini tial crys tals of a par tic u lar pro tein is an -
tag o nis tic to the high through put idea of struc tural
genomics pro jects the sit u a tion is dif fer ent in most ac a -
demic or in dus trial pro tein crys tal li za tion labs. Af ter ob -
tain ing ini tial crys tals usu ally great ef fort is in vested into
op ti miz ing these “hits” into well-dif fract ing crys tals. How -
ever, this op ti mi za tion very of ten fo cuses mainly on
fine-tun ing of the chem i cal com po si tion of the crys tal li za -
tion buffer (i.e. grid-screen ing of pH, precipitants, ad di -
tives) or sim ply on us ing a large num ber of com mer cially
avail able crys tal screens. While this yields sat is fac tory re -
sults in some cases it does not in many oth ers.

For op ti mi za tion of ini tial hits one may in prin ci ple deal 
with ei ther the crys tal li za tion ex per i ment it self or - very of -
ten ne glected - with the in put-pro tein sam ple. In the crys -
tal li za tion ex per i ment it is - along side fine-tun ing the
chem is try - mainly op ti mi za tion of phys i cal/ther mo dy -
namic pa ram e ters (method/in stru men ta tion for crys tal li za -
tion, tem per a ture).  In the in put-pro tein sam ple it is ei ther
deal ing with an al ready ex ist ing pro tein prep a ra tion (pro -
vided there is suf fi cient ma te rial avail able) or mak ing new
(better) pro tein by op ti miz ing its se quence or chang ing the
method of pro tein pro duc tion.

In this year’s HEC-Meet ing we pres ent three ap -
proaches that deal with the crys tal li za tion ex per i ment as
well as three strat e gies that aim at im prov ing the in put-pro -
tein sam ple. We show the pH-2D screen [3] that al lows
fine-tun ing of pH from 4.0…10.0 with only one buffer sys -

tem and there fore, elim i nates un de sired ma trix ef fects in -
ev i ta bly oc cur ring when con ven tional buff ers are used. We 
dis cuss Hofmeister’s orig i nal con cept of kosmotropic and
chaotropic small mol e cules in the con text of pro tein crys -
tal li za tion [4,5] and we pres ent a microfluidic Crys tal For -
merTM de vice with unique equil i bra tion ki net ics.
Re gard ing the in put-pro tein, we elu ci date the ready-to-use
Choppy-Floppy Kit for in-situ pro te ol y sis tar get ing pro -
teins con tain ing floppy re gions or tags [2]. For cases in
which the ex ist ing pro tein prep a ra tion does not yield suf fi -
cient ma te rial for ma nip u la tion we dis cuss strat e gies for
cre ation of pro tein vari ants by ran dom mu ta gen e sis that
may be more prone to crys tal li za tion [6, and ref er ences
there]. Fi nally, we high light the pro tein pro duc tion plat -
form LEXSY which is a eukaryotic pro tein ex pres sion sys -
tem that is han dled sim i lar to E. coli [7,8]. By us ing the
ex am ple of glycosylation we dem on strate that LEXSY
yields highly ho mog e nous pro tein prep a ra tions which is a
pre req ui site for suc cess ful crys tal li za tion. We dis cuss two
struc tures that were de ter mined from LEXSY-de rived pro -
teins – one by the means of X-ray crys tal log ra phy and the
other by NMR [9,10]. Most re cently a ver sion of LEXSY
has been de vel oped that al lows cell-free in vi tro pro duc tion 
of up to sev eral mg of any protein within hours [11] which
will be available to the research community in late 2009.

1.  http://targetdb.pdb.org

2. Dong et al. (2007) In situ pro te ol y sis for pro tein crys tal li -
za tion and struc ture de ter mi na tion. Nat. Meth ods
4(12):1019.

3. Newman (2004) Novel buffer sys tems for macromolecular
crys tal li za tion. Acta Cryst. D60:610.
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Fig ure 1. Crys tal struc ture of the bba-Me type II re stric tion
endonuclease Hpy99I in com plex with DNA. One protomer of a
dimer is shown in dark grey, the other is pre sented in light grey. The

bba-Me mo tif of the first protomer is de picted in black. DNA is
shown in dark grey. 



4. Zhang et al. (2006) In ter ac tions be tween macromolecules
and ions: the Hofmeister se ries. Curr. Op. Chem. Biol.
10:658.

5. Col lins (2004) Ion from the Hofmeister se ries and
osmolytes: ef fects on pro teins in so lu tion and in the crys -
tal li za tion pro cess. Meth ods 34:300.

6. http://www.jenabioscience.com/cms/en/1/cat a log/622_
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7. Breitling et al. (2002) Non-patho genic trypanosomatid pro -
to zoa as a plat form for pro tein re search and pro duc tion.
Pro tein Ex pres sion Pu ri fi ca tion 25:209.

8. Kushnir et al. (2005) De vel op ment of an in duc ible pro tein
ex pres sion sys tem based on the pro to zoan host Leishmania
tarentolae. Pro tein Ex pres sion Pu ri fi ca tion 42:37.

9. Blankenfeld et al. (2009) Un pub lished data (manu script
sub mit ted).

10. Niculae et al. (2006) Iso to pic la bel ing of re com bi nant pro -
teins ex pressed in the pro to zoan host Leishmania
tarentolae. Pro tein Ex pres sion Pu ri fi ca tion 48:167.

11. Alexandrov et al. (2009) Nat. Biotechnol. 27:747.
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In ad di tion to its im por tant cel lu lar func tions as an en ergy
car rier, ATP also serves as an extracellular sig nal ling sub -
stance. It acts on P2X and P2Y re cep tors. These sig nal ling
path ways via ATP and other nu cleo tides are termed
purinergic sig nal ling. Extracellular nu cleo tides in flu ence a
wide va ri ety of phys i o log i cal pro cesses, in clud ing
exocrine and en do crine se cre tion, im mune re sponses, in -
flam ma tion, platelet ag gre ga tion, en do the lial-me di ated
vasodilatation as well as cell pro lif er a tion, dif fer en ti a tion,
mi gra tion and death in de vel op ment, re gen er a tion and can -
cer. Extracellular nucleotidases are in volved in the hy dro -
ly sis of the nu cleo tides, in clud ing the NTPDases which
dephosphorylate ATP via ADP to AMP and the
5’-nucleotidases, which cat a lyze the hy dro ly sis of AMP to
adenosine (Fig. 1).

The aim of our work is to study the struc ture and func -
tion of ecto-nucleotidases in purinergic sig nal ling. Most of
these extracellular en zymes con tain disulfide bridges and
are ex pressed as in clu sion bod ies in E.coli. The
resolubilised en zymes are pu ri fied via Ni-NTA af fin ity
chro ma tog ra phy and op ti mal refolding con di tions are de -
ter mined by sparse ma trix screens and sys tem atic screens.
A ma jor prob lem is the sep a ra tion of the cor rectly re folded
en zyme from misfolded spe cies via dif fer ent chro ma tog ra -
phy tech niques, such that a ho mog e nous pro tein so lu tion is
ob tained for crys tal li za tion. We also re port on the use of
the in flu ence of dif fer ent variants of the proteins on the
refolding yield.
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Fig ure 1.  Over view of Purinergic Sig nal ling.  Extracellular ATP and adenosine act as sig nal ing mol e cules bind ing to the P2 and P1 re -
cep tors re spec tively.  The NTPDases (ecto-nucleoside triphosphate diphosphohydrolases) dephosphorylate ATP via ADP to AMP and
the ecto-5’-nucleotidase (e5NT) ca tal y ses the hy dro ly sis of AMP to adenosine.
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Haloalkane dehalogenases (EC 3.8.1.5) are mem bers of the 

a/b-hydrolase fold fam ily and cat a lyze hydrolytic con ver -
sion of a broad spec trum of hy dro car bons to the cor re -
spond ing al co hols [1]. Be sides a wide range of
haloalkanes, DhaA can slowly con vert se ri ous in dus trial
pol lut ant 1,2,3-trichloropropane (TCP) [2]. Three mu tants
marked as DhaA04, DhaA14 and DhaA15 were de signed
and con structed to study the rel e vance of the tun nels con -
nect ing the bur ied ac tive site with the sur round ing sol vent
for the en zy matic ac tiv ity.

The three mu tants of DhaA were crys tal lized us ing the
sit ting-drop va por-dif fu sion tech nique [3]. Crys tal growth
con di tions were op ti mized [4] and crys tals were used for
syn chro tron dif frac tion mea sure ments at the beamline X11
of the DORIS stor age ring at the EMBL Ham burg Out sta -
tion. X-ray in ten si ties data for DhaA04, DhaA14 and
DhaA15 mu tants were col lected to a res o lu tions limit of
1.23 C, 0.95 C and 1.22 C, re spec tively. Crys tals of
DhaA04 be long to the orthorhombic space group P212121

while crys tals of DhaA14 and DhaA15 mu tants be long to
the triclinic space group P1. The known struc ture of the
haloalkane dehalogenase from Rhodococcus spe cies (PDB
code 1bn6) [5] was used as a tem plate for the mo lec u lar re -
place ment. In all three cases a so lu tion was found com pris -
ing one mol e cule per asym met ric unit as ex pected from the
Matthews num ber es ti ma tion.

Anal y ses of crys tal struc tures of mu tants al low de ter -
mine of elec tron den si ties ob served for the lig ands. In the
case of DhaA04 the ligand is ben zoic acid. DhaA14 and

DhaA15 pro teins con tain isopropanol in the ac tive site cav -
ity. Mu ta tions in Dha04 and DhaA15 par tially block the
main tun nel and al most com pletely block small slot in
DhaA14 and DhaA15 en zymes. These re sults sug gest that
key role in the sub strate ac cess and prod uct egress in DhaA
pro tein has main tun nel. The func tions of blocked slot
could per form main tun nel or other sec ond ary tun nels of
DhaA. 
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Re cently, a fam ily of GTP-bind ing pro teins with unique
prop er ties was de scribed, termed GTPases of im mu nity as -
so ci ated pro teins (GIMAP), which ap pear only in ver te -
brates and plants. There are 7 GIMAP fam ily mem bers in
hu mans, con sist ing of an N-ter mi nal GTP-bind ing do main, 
fol lowed by pre dicted coiled-coil re gions. Some con tain a
pre dicted C-ter mi nal transmembrane he lix. GIMAPs are
pre dom i nantly ex pressed in tis sues of the im mune sys tem,
re stricted to T and B cells. In sev eral in de pend ent stud ies,
GIMAPs have been shown to be dif fer en tially reg u lated
dur ing T cell se lec tion events in the thy mus. Func tional in -
ves ti ga tions proved their in volve ment in T cell apoptosis
reg u la tion. A rat strain which is de fi cient in GIMAP5 due
to a frameshift mu ta tion shows se vere loss of pe riph eral T
cells (lymphopenia), con com i tant with an in creased num -
ber of apoptotic T cells. Most of these rats de velop spon ta -
ne ous au to im mune di a be tes. GIMAP5 knock-out mice
have a sim i lar phe no type. GIMAP dysregulation was also

de tected in cer tain can cer cells. The scope of the pro ject is
to in ves ti gate the struc ture and cel lu lar func tion of
GIMAPs. Three fam ily mem bers (GIMAP2, 5 and 7) were
succesfully ex pressed in bac te ria, pu ri fied and bio chem i -
cally char ac ter ized. The crys tal struc tures of dif fer ent
GIMAP2 con structs were solved in the nu cle o tide-free,
GDP- and GTP-bound state. The crys tal struc ture of
GDP-bound GIMAP5 was solved. The pro teins show sim i -
lar i ties to Ras-like small GTPases but ex hibit a unique
C-ter mi nal al pha-he li cal amphipatic ex ten sion. There are
also strik ing dif fer ences in the amino acid com po si tion of
the nu cle o tide-bind ing pocket when com pared to Ras-like
GTPases. The switch I and II re gions show sig nif i cant
struc tural dif fer ences in dif fer ent nu cle o tide load ing states. 
At the mo ment, func tional stud ies on GIMAPs are in prog -
ress. Thus we ex pect to gain new in sights how GIMAPs are 
in te grated in pro grammed cell death pro cesses dur ing lym -
pho cyte de vel op ment.
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Transaldolase is a key en zyme of the non-ox i da tive branch
of the pentose phos phate path way. As a mem ber of the
aldolase class I- fam ily it uti lises a Schiff-base form ing
lysine to trans fer a dihydroxyacetone moi ety from a ketose
do nor to an ap pro pri ate aldose ac cep tor. Transaldolase
from Thermplasma acidophilum (T.ac.) be longs struc tur -
ally to the group of the shorter transaldolase-like pro teins
such as fruc tose 6-phos phate aldolase (FSA) from E. coli
[1]. In con trast to the lat ter, the T. ac. en zyme ex hib its
transaldolase ac tiv ity. Transaldolase from T. ac. has been
crys tal lised in two crys tal forms con tain ing ei ther a
decamer (akin to FSA) or a pentamer in the crys tal lo -
graphic asym met ric unit. We have co-crys tal lised
transaldolase with dif fer ent sub strates and were able to trap 
dif fer ent in ter me di ates along the path way in clud ing the

Schiff-base in ter me di ate of do nor sub strate fruc -
tose-6-phos phate co va lently at tached to the cat a lytic
lysine, and the ac cep tor sugar erythrose-4-phos phate
non-co va lently bound in the sub strate chan nel. In ad di tion
to res i dues pre vi ously sug gested as be ing im por tant for ca -
tal y sis in E. coli transaldolase [2] we could iden tify an ad -
di tional res i due that seems to be im por tant for con fer ring
sub strate spec i fic ity by form ing a hy dro gen bond with the
C1-hydroxyl group of the do nor sugar fruc tose-6-phos -
phate.

1.  M. Schürmann, G.A. Sprenger, JBC., 276, (2001), 11055.

2.  U. Schörken, S. Thorell, M. Schürmann, J. Jia, G.A.
Sprenger, G. Schnei der, Eur. J. Biochem., 268, (2001),
2408.
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