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STRUCTURAL BACKGROUND OF NON-ANTIBIOTIC AFFINITY OF MINOCYCLINE TO 
SECRETORY PHOSPHOLIPASE A2
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Apart from their an ti bi otic ca pac ity tetracyclines like other
an ti bi ot ics, have been found to have var i ous non-an ti bi otic
prop er ties [1]. In hib i tory ac tiv i ties of tetracyclines have
been re ported for rheu ma toid synovium, cor nea, in flamed
gingiva, osteoarthritic car ti lage, al ler gen in duced in flam -
ma tion and can cer cells [2].

Phospholipase A2 (PLA2) cat a lyzes the hy dro ly sis of
the fatty acid es ter in the sn-2 po si tion of mem brane
phospholipids. The lib er a tion of arachidonate is the
rate-lim it ing step for the biosynthesis of eicosanoids,
which act as proinflammatory me di a tors [2].

The se cre tory phospholipase A2 (sPLA2) which is im -
pli cated in in flam ma tory dis eases was shown to be in hib -
ited by the lipophilic tetracyclines minocycline and
doxycycline [3]. 

X-ray crys tal struc ture anal y sis at 1.65 C res o lu tion
dem on strates that the minocycline (minoTC) mol e cule
makes a num ber of van der Waals con tacts in the hy dro -
pho bic en vi ron ment of the sub strate bind ing site. The
minocycline shields the en trance for sub strates to the ac tive 
site re sult ing in the in hi bi tion of the phospholipase A2. 

The lo ca tion of the in hib it ing minocycline mol e cule
was con firmed by well de fined elec tron den sity for minoTc 
rings B, C and D. In com par i son to the in hib i tor free struc -
ture (PDB en try 1PSH), conformational changes upon tet -
ra cy cline bind ing have been ob served in the cal cium
bind ing loop. 

The af fin ity of minocycline to PLA2 was mea sured by
sur face plasmon res o nance. The re sult ing dis so ci a tion con -
stant KD was 1.76 * 10-4 M.

These re sults pro vide the struc tural back ground for the
us age of tet ra cy cline de riv a tives in the ther apy of in flam -

ma tory pro cesses where the se cre tory PLA2 plays a cru cial
role. Lipophilic tetracyclines might be a new type of lead
com pound for the de sign of spe cific in hib i tors of
phospholipase A2.
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STABILIZING PROTEINS FOR CRYSTALLIZATION – HOW THERMOFLUOR CAN
HELP
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One of the ma jor lim it ing steps in macromolecular struc -
ture de ter mi na tion is the crys tal li za tion of the tar get mol e -
cules into well-or dered three-di men sional crys tals. Key
pre req ui sites for suc cess ful crys tal li za tion of bi o log i cal
macromolecules are the ho mo ge ne ity, sta bil ity and sol u bil -

ity of the mol e cule to be in ves ti gated [1]. Con se quently, it
ap pears to be ob vi ous that the op ti mi za tion of these sam ple
prop er ties im proves the suc cess rate of crys tal li za tion. One
po ten tial ap proach to per form this anal y sis is Thermo -
fluor®, which is a method to mon i tor ligand ef fects on tem -
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Fig ure 1. This fig ure shows two over all views of the PLA2 with a
bound minocycline mol e cule (yel low). The ac tive site res i dues
are high lighted in green. The fig ure was cre ated with PyMOL.



per a ture-de pend ent pro tein un fold ing [2]. With the
Thermofluor® method sta bi liz ing buffer com po si tions as
well as po ten tial lig ands can be iden ti fied, which turned out 
to be ben e fi cial for sam ple pu ri fi ca tion and crys tal li za tion.
The fun da men tals of the Thermofluor method will be pre -
sented, which will be sup ple mented with re sults ob tained
in our lab o ra tory. 
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Dur ing pho to syn the sis, elec tron trans fer be tween two
mem brane-bound com plexes, cytochrome (cyt) b6f and
photosystem I (PSI), can be ac com plished by the cop -
per-con tain ing pro tein, plastocyanin (PC), or the heme pro -
tein, cytochrome c6. PC is found as a unique elec tron
car rier in higher plants. Some al gae and cyanobacteria ex -
press ei ther PC or cyt c6, whereas other are able to pro duce
both pro teins de pend ing on cop per avail abil ity.
Cytochromes c6 are wa ter-sol u ble, low-spin heme-con tain -
ing pro teins in volved in the high-po ten tial (340-390 mV)
elec tron trans port chain. They are char ac ter ized by low
mo lec u lar mass (80-90 res i dues) and have a heme group
co va lently bound via two Cys res i dues. The c6 pro tein from 
the mesophilic cyanobacterium Synechococcus sp.
PCC7002 has an un usual amino acid com po si tion, with the
two small est res i dues, Gly and Ala, ac count ing for 36% of
its se quence. Fur ther more, the pro tein con tains an un usual
heptapeptide K44DGSKSL50 in ser tion that has not been de -
tected in other cytochromes c6. 

The 3D struc ture of this un usual cytochrome c6 has
been de ter mined at atomic res o lu tion by X-ray crys tal log -
ra phy for the re duced (1.22 C) and ox i dized (0.83 C) forms 
of the pro tein. The struc tures have been re fined to R-fac tors 
of, re spec tively, 0.107 and 0.095. De spite the pres ence of
the un usual in ser tion, the over all fold is sim i lar to that of
other class I cytochromes c. The in ser tion is lo cated be -
tween he lix II and III, which is the most vari able re gion of
the pro tein, as as sessed by com par i son with crys tal struc -
tures of other c6 mol e cules. The first six res i dues of the in -
ser tion form a loop ex posed to the sol vent, whereas Leu50
is the first res i due of he lix III. Sev eral spe cific noncovalent
in ter ac tions are found in side the in ser tion, as well as be -
tween the in ser tion and the rest of the pro tein. A com par i -

son of the two struc tures re veals only slight conformational 
changes of the in ser tion. Some changes are ob served at res -
i dues lo cated in side the heme pocket, namely Lys29, Gln57 
and Gln62. The most con spic u ous dif fer ence be tween the
re duced and ox i dized pro tein is a dis tor tion along the axis
be tween the heme iron and its sixth ax ial ligand, Met65.

The struc ture of the re duced form of cytochrome c6

from Synechococcus 7002 de ter mined at 1.22 C res o lu tion. 

The 310 he lix (yel low) is fol lowed by the W-loop (red). The
spe cific in ser tion is shown in ma genta. The N and C ter -
mini as well as the two Cys res i dues with co va lent links to
the heme group are marked by la bels. The heme group is
shown in ball-and-stick rep re sen ta tion.
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SUBDOMAINS OF THE AMYLOID PRECURSOR PROTEIN (APP) FALL INTO PLACE:
X-RAY STRUCTURE OF ITS N-TERMINAL HEPARIN BINDING DOMAIN E1
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Alz hei mer’s dis ease (AD) is the most fre quent de men tia
world wide oc cur ring pre dom i nantly in the el derly pop u la -
tion. The am y loid pre cur sor pro tein (APP) is the key player 
in Alz hei mer’s dis ease pa thol ogy hence ab nor mal

proteolytic pro cess ing by the a-, b and g-secretases leads to 

ex ces sive over pro duc tion of neurotoxic Ab peptide spe cies 
[1]. On the other hand transmembrane APP and its an a -
logues are es sen tial for neuronal de vel op ment and cell ho -
meo sta sis in mam mals. We have ex ten sively in ves ti gated
struc tural and bio chem i cal prop er ties of a re com bi nant pro -
tein cor re spond ing to the N-ter mi nal 190 amino ac ids. Our
X ray struc ture at 2.7 C res o lu tion shows for the first time
how the growth-fac tor like [2] and the cop per bind ing do -
main [3] of APP in ter act to gether form ing one closed
conformational and func tional en tity, the hep a rin bind ing
do main E1. The ri gid ity of the inter-do main as so ci a tion
proves pH de pend ent in lim ited pro te ol y sis and the re sult -
ing in ter ac tion in ter face in cludes evo lu tion ary highly con -
served res i dues. In ad di tion, hep a rin de rived dodeca -
sac cha rides in duced in an entothermic and pH de pend ent
pro cess hep a rin-bridged APP-E1-dimers char ac ter ized by
low micromolar bind ing con stants. Lim ited pro te ol y sis ex -
per i ments in pres ence and ab sence of hep a rin en abled us to
model the hep a rin [APP-E1]2 com plex based on a dimer
con tact ob served in our crys tals. These re sults shed new
light on the func tion of APP in cell sig nal ing and cell-sur -
face in ter ac tions, ar gu ing that APP might ful fill dif fer ent
func tions de pend ing on its (sub)cel lu lar lo cal iza tion and its 
oligomerization state.
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   Fig ure 1 Struc ture of the APP-E1 domain.


