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Furin is a serine endoproteinase be long ing to the pro-pro -
tein convertase (PC) fam ily. PCs are re quired for the ac ti -
va tion and mat u ra tion of many se creted pro teins, in clud ing
pep tide hor mones, growth fac tors, ma trix metallo -
proteases, blood co ag u la tion fac tors, reg u la tors of the cho -
les terol me tab o lism, bac te rial tox ins and vi ral capsid
pro teins. There fore furin and other PCs are highly in ter est -
ing tar gets for the treat ment of many dis eases, e.g. can cer
as well as vi ral- and bac te rial in fec tions [1]. De vel op ment
of furin in hib i tors for phar ma co log i cal use re quires a de -
tailed struc tural un der stand ing of the mech a nisms in volved 
in sub strate-bind ing, ca tal y sis and in hi bi tion [2,3].

Here we pres ent crys tal lo graphic struc tures of furin, a
prototypical mem ber of the PC pro te ase fam ily, show ing
its apo- and holo-form at 1.8C  and 2.0C res o lu tion, re spec -
tively. In com bi na tion with biochemical data we dem on -
strate a two fold ac ti va tion mech a nism of the pro te ase: the
switch from the in ac tive “off-state” to the ac tive “on-state”
is trig gered by in ter ac tions of sub strates/in hib i tors at the
sub strate bind ing cleft. The cat a lytic res i dues adopt the cat -

a lyt i cally ac tive con for ma tion only upon ligand bind ing,
ex plain ing also the widely ob served “in ac tiv ity” of the
apo-en zyme. Only tightly bind ing sub strates or in hib i tors
can in duce ac tiv ity by struc tur ally al ter ing the ac tive site,
de scrib ing the high spec i fic ity of furin. This sub strate-in -
duced ac ti va tion ex plains also en er get i cally, how tight
bind ing of sub strates is com pat i ble with high cat a lytic turn -
over as ob served for the PCs. Our crys tals with one mol e -
cule in the asym met ric unit are in ad di tion highly suited for
struc ture based in hib i tor de vel op ment ap proaches, e.g.
spe cif i cally tar get ing the apo- and holo-con for ma tion of
furin in crys tal log ra phy based frag ment screen ing.
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The b-D-galactosidase from Paracoccus sp.32d (ParbDG)
(EC 3.2.1.23) be longs to Glycosyl Hydrolase fam ily 2
(GH2). It cat a lyzes the hy dro ly sis of ter mi nal non-re duc ing 

b-D-galactose res i due in b-D-galactosides. [1] bDGs have
been a fo cus of nu mer ous re search ers due to their util ity in
a va ri ety of in dus trial tech nol o gies, es pe cially dairy and
pharmaceuticals pro duc tion. [2]

The crys tals of ParbDG were ob tained by hang ing drop 
va por-dif fu sion method in a form of very thin long nee dles. 
The best crys tal li za tion con di tions con tained di chloro -
methane, mPEG 2K and am mo nium ac e tate as precipitants. 
The X-ray dif frac tion data were col lected from one
monocrystal at the PX13 Petra syn chro tron beamline in
Ham burg, Ger many. Dif frac tion data were pro cessed by
XDS pro gram at res o lu tion of 2.4 C. 

Since nei ther the size nor the do main ar range ment of

the ParDG were sim i lbar to the known galactosidases, the
mul ti ple mod els were used for the Mo lec u lar Re place ment: 
3HN3, 3FN9, 3CMG, 3BGA, 3GM8 and Mul ti ple Do main
Model from dif fer ent PDBs (3HN3, 1T9K, 3FN9, 1Q33).
Struc ture was solved in orthorhombic space group P212121

with dimer in the asym met ric unit. The ini tial cy cles of re -
fine ment were per formed us ing PHENIX AutoBuilt which
were fol lowed by man ual steps in Coot.

As a re sult the fi nal model of a five do mains was ob -

tained. The ParDG ac tive bsite is lo cated close to the dimer 
in ter face. The cat a lytic site of the en zyme is con sti tuted

mainly by the amino ac ids from the cen tral Do main 3 and
com pleted by a few res i dues of Do main 4 from the sym me -
try re lated mol e cule. The unique in its struc ture, size and
lo ca tion Do main 5 ad di tion ally sta bi lizes the func tional
homodimer.

1. A. Wierzbicka-Woœ, H. Cieœliñski, M. Wanarska, 
K. Koz³owska-Tylingo, P. Hildebrandt, J. Kur: 

Mi cro bial cell Fac to ries, 10 (2011), 108.

2. Q. Husain: Crit i cal Re views in Bio tech nol ogy, 30 (2010),
41.
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Fig ure 1. The homodimer of ParbDG: do main 1 – pink, do main
2 – yel low,  do main 3 – teal, do main 4 – vi o let, do main 5 - green.



L3
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The glyceraldehyde dehydrogenase from Thermoplasma
acidophilum (TaAlDH) is a part of an ar ti fi cial cell-free en -
zyme cas cade for pro duc tion of isobutanol and eth a nol
from glu cose. TaAlDH cat a lyzes the ox i da tion of
Dglyceraldehyde to D-glycerate in this syn thetic path way
[1]. Var i ous mu tants of TaAlDH were con structed by ran -
dom ap proach fol lowed by site-di rected and sat u ra tion mu -
ta gen e sis in or der to im prove the en zymes’ prop er ties
es sen tial for its func tion ing within the cas cade. Fur ther op -
ti mi za tion of TaAlDH re quires struc tural in for ma tion
about the en zyme for which crys tal li za tion fol lowed by
X-ray dif frac tion anal y sis was em ployed [2].

Dif fract ing qual ity crys tals of TaAlDH wild type and
mu tant TaAlDH F34M+S405N were ob tained af ter op ti -
mi za tion of con di tion H6 of the Morpheus screen (Mo lec u -
lar Di men sions Ltd., UK) and No. 1 of PEGs Suite
(Qiagen, the Neth er lands), re spec tively. Full data sets were 
col lected on the BL 14.1 op er ated by the Joint Berlin
MXLab o ra tory at the BESSY II elec tron-stor age ring
(Berlin-Adlershof, Ger many) at 1.95C   and 2.10C res o lu -
tion for TaAlDHwt and TaAlDH F34M+S405N.
TaAlDHwt crys tals be long to monoclinic P21 space group
with unit cell pa ram e ters of a = 95.29 C, b = 152.35 C, c =

149.90 C, a = b = 90.0°, g = 92.19° and 8 mol e cules per
asym met ric unit. Crys tals of TaAlDH F34M+S405N be -

long to monoclinic space group C2 with unit cell pa ram e -

ters of a = 108.1 C, b = 158.4 C, c = 130.1 C, a = b = 90°, g
= 91.6°. Matthews co ef fi cient (VM = 2.5 C3 Da-1) sug gests 4 
mol e cules in the asym met ric unit with sol vent con tent of
50.47%.

The struc ture of TaAlDHwt was solved by mo lec u lar
re place ment us ing the co or di nates of betaine-al de hyde
dehydrogenase from Pseudoalteromonas atlantica T6c
(se quence iden tity 38%, PDB ID 3K2W). The fi nal model
con tains two tetramers in the asym met ric unit that are re -
lated by non-crys tal lo graphic sym me try with dif fer ences
ob served in re gions par tic i pat ing in crys tal con tacts. The
TaAlDHwt homotetramer con sists of two homodimers that 
dis play a very tight con nec tion through the for ma tion of an
ex tended beta-sheet be tween mono mers of the dimer.
Struc ture of TaAlDH F34M+S405N was solved us ing
TaAlDHwt struc ture as a model for mo lec u lar re place ment
and re fine ment is now in prog ress.

1. J.-K. Guterl, D. Garbe, J. Carsten, F. Steffler, B. Sommer,
S. Reiße, A. Philipp, M. Haack, B. Ruhmann, A.
Koltermann, U. Kettling, T. Bruck, & V. Sieber,

ChemSusChem, 5, (2012), 2165–2172.

2. F. Steffler, J.-K. Guterl & V. Sieber, En zyme Microb.
Tech., 53, (2013), 307-314.
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CRYSTAL STRUCTURE OF INORGANIC PYROPHOSPHATASE 
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In or ganic pyrophosphatase (PPase) is a ubiq ui tous
cytosolic en zyme that cat a lyzes the hy dro ly sis of in or ganic
pyrophosphate (PPi) to orthophosphate (Pi). The first crys -
tal struc ture of in or ganic pyrophosphatase from Arabi -
dopsis thaliana (AtPPA1) has been solved by Mo lec u lar
Re place ment us ing the co or di nates of archaeal PPase from
Pyrococcus furiosus (PDB 1twl) as the tem plate. The struc -
ture has been re fined to an R-fac tor of 15.6% at 1.93C res o -
lu tion us ing syn chro tron ra di a tion X-ray dif frac tion data.

PPases are oligomeric en zymes that are ac tive as
homohexamers, com posed of ~20 kDa sub units in pro ka -
ryotes. In con trast, eukaryotic PPases act as homodimers of 
30-35 kDa sub units. The plant AtPPA1 pro tein is an ex cep -
tion as it forms a homotrimer with a to tal mass of 75 kDa.
The struc ture of AtPPA1 rep re sents an OB Fold
(Oligonucleotide/Oligosaccharide-Bind ing) which over -
laps with other known struc tural mod els of bac te rial and
yeast in or ganic pyrophosphatases. In the AtPPA1 struc -
ture, one so dium-bind ing site per protomer is found. Anal -
y sis of the AtPPA1 se quence us ing PsiPred (sig nal pep tide
pre dic tor) re vealed that it pos sesses a pu ta tive N-ter mi nal
tran sit pep tide of mi to chon drial tar get ing, and a pos si ble
cleav age site at Val31. In vi tro cleav age of a short (4 kDa)
N-ter mi nal frag ment is ob served dur ing pro tein stor age.
Two as par tic acid mu ta tions, D98N or D103N, have been
shown to de lay the autoproteolysis com pared to the wild
type pro tein. The crys tal struc ture and pro tein N-ter mi nal
se quenc ing con firm that the cleaved N-ter mi nal frag ment

cor re sponds to the pre dicted mi to chon drial tar get ing pep -
tide.
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Fig ure 1. Over all struc ture of AtPPA1 protomer.
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Bil i ru bin oxidase from plant patho gen Myrothecium
verrucaria (BO, EC 1.3.3.5)  is a blue multicopper
oxidoreductase (MCO) cat a lyz ing ox i da tion of a wide
spec trum of ar o matic sub strates (con sist ing of tetrapyrrole, 
diphenols and aryl diamines) and some in or ganic com -
pounds with ac com pa ny ing re duc tion of mo lec u lar ox y gen 
to wa ter. BO con tains four cop per cen tres clas si fied into
three types, type I Cu (T1), type II Cu and a binuclear type
III Cu form ing a trinuclear cop per clus ter (TNC). The T1
Cu cat ion in the sub strate bind ing site is co or di nated by one 
cysteine, two histidine res i dues and one methionine and ac -
cepts an elec tron from sub strate. Four elec trons are trans -
ferred from T1 via cysteine-histidine path way to TNC
co or di nated by eight histidine res i dues, where O2 is re -
duced to wa ter. BO’s ca pa bil ity to ox i dize a great va ri ety of 
or ganic sub strates sug gests many ap pli ca tions in in dus try
(e.g. pulp bleach ing, delignification, drug de tec tion, deg ra -
da tion of her bi cides or de vel op ment of biosensors and

biofuel cells [1,2,3]).
Two non-liganded struc tures of BO have been al ready

pub lished in PDB (2XLL [3], 3ABG [4]). The mech a nism
of sub strate bind ing and the way of the elec tron trans port
from sub strate to the T1 site in MCOs have been stud ied for 
many years and some key pa ram e ters are still to be de ter -

mined. We de ter mined two struc tures of BO - a na tive
struc ture at 2.3C res o lu tion and a struc ture with a small
ligand in the sub strate bind ing site at 2.6C res o lu tion.  On
the ba sis of our re sults we sug gest possible elec tron trans -

fer routes from sub strate to the T1 cen tre.

1. T. Sakurai, K. Kataoka, The Chem i cal Re cord, 7, (2007),
220-229.

2. D. J. Kosman, J. Biol. Inorg. Chem., 15, (2010), 15-28.

3. J. A. Cracknell, T. P. McNamara, E. D. Lowe, C. F.
Blanford, Dal ton Trans, 40, (2011), 6668-6675.

4. K. Mizutami, M. Toyoda, K. Sagara, N. Takahashi, A.
Sato, Y. Kamitaka, S. Tsujimura, Acta Cryst., F 66, (2010), 
765-770.
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LAT EST DE VEL OP MENTS IN EQUIP MENT FOR DIF FRAC TION AND SCAT TER ING
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With the re cent for ma tion of Rigaku Ox ford Dif frac tion
there have been a num ber of ex cit ing and valu able ad -

vances in equip ment for dif frac tion and scat ter ing of
macromolecules. The new de vel op ments will be pre sented.

L7

LATEST DEVELOPMENTS IN HOME-LAB 
MACROMOLECULAR CRYSTALLOGRAPHY AND BIO-SAXS
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Re cent De vel op ments in X-ray in stru men ta tion in the D8
VENTURE Sys tems have pro vided an op por tu nity to re de -
fine their role in the Struc tural Bi ol ogy workflow.

The in tro duc tion of the novel METALJET X-Ray
source tech nol ogy en ables smaller X-ray beams of higher
in ten sity to be pro duced than was pre vi ously pos si ble with
ex ist ing tech nol o gies.  New Ac tive Pixel Sensor de tec tor
tech nol ogy fi nally makes avail able home-lab de tec tors that 
com bine a large area, high sen si tiv ity and low noise and
fast read out for continuous data collection.

In situ crys tal log ra phy has be come pop u lar at
synchrotrons as a method to iden tify tar get quickly and ef -
fi ciently.  The ISX Stage is de signed to be mounted on the

KAPPA stage and is com pat i ble with any source.  Be ing
fully motor ised and soft ware con trolled, it fi nally makes
the full ben e fits of in situ crys tal log ra phy avail able in the
home-lab.

The NANOSTAR is a com pact SAXS beamline that can
be mounted in de pend ently or on the sec ond-port of an ex -
ist ing source.  The beamline de sign uses a large two-di -
men sional pho ton count ing VANTEC 2000 de tec tor to
cap ture all the scat tered X-rays and maxi mise sig -
nal-to-noise.
An over view of the new tech nol o gies will be pre sented
along with ex am ples of us ers re sults which lead one to de -
scribe his in stru ment a “pocket syn chro tron”.
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Fig ure 1. D8 VENTURE with NANOSTAR: Com plete Home-Lab Sys tem for macromolecular crys tal log ra phy
and bio-SAXS.


