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Nu clear trans port pro ceeds through nu clear pore com -
plexes and sup plies cell nu clei with pro teins and the cy to -
plasm with nu clear prod ucts such as ri bo somes or tRNAs.
Most nu clear trans port path ways are me di ated by importin

b-type nu clear trans port re cep tors, which in clude nu clear
ex port receptors (exportins), as well as importins.

The exportin CRM1 me di ates nu clear ex port of nu mer -
ous struc tur ally and func tion ally un re lated car goes, which
carry a short leucine-rich nu clear ex port sig nal (NES) or
com plex ex port de ter mi nants. How CRM1 rec og nizes such 
a va ri ety of car goes and main tains ver sa til ity and spec i fic -
ity has been un known so far. Here we pres ent the 2.5 C
crys tal struc ture of the nu clear ex port com plex com pris ing
the exportin CRM1, the ex port cargo snurportin1 (SPN1)
as well as the molecular switch Ran in its GTP bound form.

CRM1 ex hib its a toroid-like over all struc ture that en -
gulfs the Ran mol e cule and binds SPN1 through its outer
sur face (Fig. 1). Three parts of SPN1 con tact CRM1: The
N-ter mi nus of SPN1 re sem bling a ca non i cal nu clear ex port 
sig nal (NES), the m3G-cap bind ing do main and the C-ter -

mi nal tail. RanGTP is enwrapped mainly by the N-ter mi nal 
part of CRM1 and ad di tion ally fixed by the acidic loop of
CRM1. The struc ture shows how CRM1 can spe cif i cally
re turn the RNA-free form of SPN1 to the cy to plasm and
sug gests that RanGTP pro motes cargo-bind ing to CRM1
solely through long-range conformational changes in the
exportin.

Two per pen dic u lar views of the com plex in car toon
rep re sen ta tion are de picted. CRM1 adopts a toroid like
struc ture and is col ored in green. RanGTP (red) is en gulfed
mainly by the N-ter mi nal part and ad di tion ally bound by
the acidic loop (white) of CRM1. SPN1 (pur ple) is bound
far away from RanGTP on the outer sur face of the exportin
in volv ing three dif fer ent parts: The N-ter mi nal he lix re -
sem bling a ca non i cal NES, the m3G-cap bind ing do main
and a C-ter mi nal por tion.
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Fig ure 1. Struc ture of the CRM1·SPN1·RanGTP nu clear ex port com plex. 
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The hu man car bonic anhydrases (CAs) form a fam ily of 14
zinc-con tain ing en zymes that cat a lyze rapid inter -
conversion be tween car bon di ox ide and bi car bon ate. This
re ac tion is im por tant in many phys i o log i cal pro cesses,
such as res pi ra tion, reg u la tion of pH and many other bi o -
log i cal pro cesses re quir ing car bon di ox ide or bi car bon ate.
Hu man isozyme CA II is a cytosolic en zyme and be longs to 
the most stud ied isoforms. It is tra di tion ally pu ri fied from
red blood cells but it has a wide tis sue dis tri bu tion and is
found in var i ous or gans and cell types [1]. CA II de fi ciency 
is as so ci ated with os teo po ro sis, re nal tu bu lar ac i do sis, and
ce re bral cal ci fi ca tion. The transmembrane isoform CA IX
has been shown to be linked with carcinogenesis. CA IX is
phys i o log i cally ex pressed in the epithelia of the gas tro in -
tes ti nal tract, how ever it ex presses ectopically in car ci no -
mas de rived from kid ney, lung, cer vix, uteri, oe soph a gus,
breast, and co lon. This isoform has been shown to be
strongly over-ex pressed in hypoxic tu mors, where it par tic -
i pates in tu mor cell en vi ron ment ac i do sis and con trib utes to 
ma lig nant pro gres sion and poor treat ment out come. De -
sign ing isoform-se lec tive in hib i tors could thus pro vide po -
tent ther a peu tics namely for treat ment of can cer. Prog ress
in struc tural stud ies of these two phys i o log i cally and
pathophysiologically im por tant isoenzymes in com plex
with se lec tive isoquinoline in hib i tors will be dis cussed.

Elu ci da tion of in hib i tor bind ing to var i ous isoforms could
help in ra tio nal drug de sign of car bonic anhydrase in hib i -
tors.

1.  Sly and Hu Annu. Rev. Biochem. 64 (1995), pp. 375–401.
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The bba-Me re stric tion endonuclease Hpy99I has been
iden ti fied in the hu man patho gen Helicobacter pylori J99
strain. The en zyme rec og nizes the pseudopalindromic
DNA se quence CGWCG/ (where W stands for A or T and
“/” marks the cleav age site) and hydrolyzes both DNA
strands. The stag ger be tween the cuts in the DNA leads to
five nu cle o tide 3’-over hangs, a highly un usual pat tern in
re stric tion endonuclease di ges tion prod ucts. The Hpy99I
pro tein has been overexpressed from syn thetic genes in E.
coli, pu ri fied and crys tal lized in the pres ence of DNA. The
struc ture of the Hpy99I-DNA com plex (1.5 C resolution)
has been de ter mined by x-ray crys tal log ra phy. In the crys -
tals and in so lu tion, Hpy99I en zyme is a dimer. The

Hpy99I protomer con sists of an antiparallel b-bar rel and

two b4a2 re peats (Fig ure 1). Each re peat co or di nates
a struc tural zinc ion with four cysteine thiolates in two

CXXC mo tifs. The bba-Me re gion of the sec ond b4a2 re -
peat holds the cat a lytic metal ion via Asp148 and Asn165
and ac ti vates a wa ter mol e cule with the gen eral base
His149. 

In the spe cific com plex, Hpy99I forms a ring-like struc -
ture around the DNA that con tacts DNA bases on the ma jor 

and mi nor groove sides via the first and sec ond b4a2 re -
peats, re spec tively. Hpy99I in ter acts with the cen tral base
pair of the rec og ni tion se quence only on the mi nor groove
side, where A:T re sem bles T:A and G:C is sim i lar to C:G.
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Fig ure 1. Isoquinoline de riv a tive bind ing to ac tive site of hu man
CA II.



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).

Friday Evening Session V -
September 25

L16

TURN ING THE BAD INTO GOOD: A RA TIO NAL AP PROACH TO CRYS TAL QUAL ITY
IM PROVE MENT

Astrid Rau, Jana Müller, Klaus Korus, Christin Reuter, Thomas Billert and Mathias Gruen

Jena Bio sci ence GmbH, Loebstedter Strasse 80, 07749 Jena, Ger many

mathias.gruen@jenabioscience.com

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. 


