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CHARACTERIZATION AND MODULATION OF MITOCHONDRIAL SIRTUINS 4 AND 5 
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Sirtuins are NAD+-de pend ent pro tein lysine deacylases in -
volved in the reg u la tion of, e.g., genomic main te nance or
me tab o lism [1]. Fur ther more, they are linked to life -
span-ex ten sion and the de lay of ag ing-as so ci ated dis eases
[2]. Mam ma lian cells bear seven dif fer ent isoforms, which
are ei ther lo cated in the cy to plasm (Sirt2), nu cleus
(Sirt1/6/7), or mi to chon dria (Sirt3/4/5) [1]. Their con -
served cat a lytic core is com posed of a Rossmann-fold and
a Zinc-bind ing mod ule, with the ac tive-site cleft in be -
tween [3]. Whereas Sirtuins show only mod er ate spe -
cificity for the se quence of their polypetide sub strates, the
type of acyl-mod i fi ca tion on the sub strate lysine is chang -
ing ki net ics dra mat i cally. Sirt1, 2 and 3 are ro bust
deacetylases, Sirt5 was shown to have strong desuc -
cinylase ac tiv ity [4], and Sirt6 is ef fec tive against
long-chain fatty acyls [5]. In con trast, Sirt5 and 6 are barely 
mea sur able deacetylases, all of which is due to dif fer ent
bind ing mo tifs in the acyl-lysine bind ing site. 

To im prove our un der stand ing of phys i o log i cal acyl
sub strates of Sirt5 and to ex ploit its acyl se lec tiv ity for the
de vel op ment of first Sirt5 spe cific in hib i tors, we an a lyzed
the mo lec u lar de tails of the in ter ac tion be tween Sirt5 and
its sub strate acyl. For this pur pose, we screened a li brary of
dif fer ently acylated pep tides as sub strates or in hib i tors and
char ac ter ized them kinetically and struc tur ally. We find
that glutarylated sub strates are deacylated even more ef fi -
ciently than succinylated sub strates, pos si bly due to a

tensed he li cal ge om e try ion in the sub strate acyl when ac -
com mo dated in the Sirt5 ac tive site [4]. We fur ther found
in hib i tory acyl mod i fi ca tions al low ing us, e.g., to ex ploit
si mul ta neously Sirt5 spe cific fea tures and the con served,
af fin ity-pro vid ing nicotinamide bind ing site, re sult ing in
first Sirt5 spe cific in hib i tors that can serve as leads for drug 
de vel op ment [4]. Since no in for ma tion on acyl spec i fic ity
and ac tive site fea tures are avail able yet, we started to char -
ac ter ize it struc tur ally and bio chem i cally us ing sim i lar ap -
proaches. Us ing our panel of acyl pep tides, we found
acylations that are readily re moved by Sirt4 and used a
Sirt4 homology model for ra tio nal iz ing these find ings. We
now em ploy these acyl pep tides as sta bi liz ing lig ands for
our ef forts to crys tal lize Sirt4 and for our searches for first
Sirt4 spe cific in hib i tors.
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Over 100 dis tinct tRNA mod i fi ca tions have been char ac -
ter ized. Only a few mod i fi ca tions are uni ver sally con -
served, one of them lead ing to N6-threonylcarbamoyl
adenosine (t6A) found at po si tion 37 of ANN de cod ing
tRNAs [1]. YrdC/ Sua5 and Kae1, a cen tral com po nent of
the KEOPS/ EKC com plex, have re cently been shown to be 
in volved in t6A biosynthesis [2]. The base mod i fi ca tion
t6A37 is cru cial to translational ac cu racy, ex plain ing mu -
tants in YrdC/ Sua5 and Kae1 lead to pleiotropic ef fects in
cells in clud ing de fects in tran scrip tion and ge nome sta bil -
ity [3]. While pre vi ous stud ies have dem on strated that for
t6A37 biosynthesis threonine, bi car bon ate, ATP and tRNA
are re quired; the ex act roles of YrdC/ Sua5 and Kae1 in this 
pro cess have re mained un clear.

YrdC-like and Kae1-like do mains are found in the
tobramycin 6”-O-carbamoyltransferase TobZ from
Streptoalloteichus tenebrarius as well as the [NiFe]-
 hydrogenase mat u ra tion fac tor HypF from E.coli. The
struc ture of TobZ and its ATP-de pend ent an ti bi otic mod i -
fy ing re ac tion mech a nism was pre vi ously elu ci dated in our
group [4], and it has been re ported that HypF ca tal y ses sim -
i lar re ac tions [5]. Be cause of its close re la tion ship to the
do mains of TobZ and HypF, it is likely that YrdC ca tal y ses
an adenylation re ac tion to form threonylcarbamoyl
adenylate as pre cur sor mol e cule for t6A37 biosynthesis.

Here, we pres ent the crys tal struc ture of YrdC from
Methanocaldococcus jannaschii with bound ATP. The

struc ture shows a con cave groove re veal ing the ATP bind -
ing pocket. It is formed by the char ac ter is tic KxRx(n)SxN
mo tif of the YrdC/Sua5 fam ily to bind to the phos phate
moi eties. From com par i son with ho mol o gous struc tures an
ad di tional threonine bind ing cav ity lo cated near the ATP
can be de duced. In the pres ent struc ture a phos phate ion oc -
cu pies this cav ity mim ick ing the car boxyl group of
threonine. Struc ture anal y sis fur ther sug gests an in ver sion

of the a-phos phate of ATP dur ing the adenylation re ac tion
catalysed by YrdC form ing a threonylcarbamoyl adenylate.
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THE FINE-TUNED MACHINERY OF O2-TOLERANT [NiFe] HYDROGENASE
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Hydrogenases are metalloenzymes cat a lyz ing the hete -
rolytic split ting of hy dro gen into pro tons and elec trons. In
all three do mains of life hydrogenases are do mi ciled, but
only a small sub group of [NiFe] hydrogenases evolved the
fea ture of hy dro gen con ver sion un der aer o bic con di tions.
For en abling the aer o bic hy dro gen ox i da tion in [NiFe]
hydrogenases, mul ti ple adapt able path ways have been
evolved. Struc tural in ves ti ga tions on this bi o log i cal ma -
chine might lead to new de vel op ments in the field of re -
new able en ergy tech nol o gies [1]. 

The mem brane-bound [NiFe] hydrogenase (MBH) of
Ralstonia eutropha (R.e.) is one of the best in ves ti gated
typ i cal O2-tol er ant hydrogenases. Sev eral crys tal struc tures 
of the MBH R.e. as wildtype or with mul ti ple sub sti tu tions
in dif fer ent re dox states re veal a highly fine-tuned in ter play 
be tween path ways and chan nels that lead to a per fect trans -
port of re agents and prod ucts to and from the ac tive site [2,
3]. For hy dro gen split ting the [NiFe] ac tive site of MBH
R.e. re quires the de liv ery of hy dro gen via a hy dro pho bic
gas chan nel. Hy dro gen ox i da tion lib er ates elec trons which
are guided via an elec tron path way to an elec tron ac cep tor.
Sub se quently, the elec trons en ter the quinone pool of the
re spi ra tory chain as re duc tion power for the cell [2]. Un der
aer o bic con di tions ad di tion ally the [NiFe] ac tive site has to
re duce the at tack ing ox y gen to wa ter with 4 e- and 4 H+. On
that ac count the elec tron path way, con sist ing of three [FeS] 
clus ters, has to op er ate bidirectional. A unique [4Fe3S]
clus ter prox i mal to the ac tive site is mainly in volved in this
switch. This [4Fe-3S] clus ter un der goes re dox-de pend ent
re vers ible trans for ma tions, namely iron-swap ping be tween 
a sul fide, a pep tide am ide N. For pro ton de liv ery sev eral
path ways close to the ac tive site have been in ves ti gated and 
in tro duce new ques tions that might be an swered by in ves ti -
ga tive meth ods e.g. neu tron dif frac tion. The gas chan nel
that is sup ply ing also the in hib i tory ox y gen has been
adapted es pe cially in quan tity and size to re main the
hydrogenase ac tiv ity for the sys tem [4]. Wa ter mol e cules
pro duced un der ox y gen re duc tion are re leased through a
new wa ter chan nel.  This com plex sys tem is still not com -
pletely un der stood and more over sen si tive to X-rays. Con -
se quently a near ra di a tion-dam age free tech nique, the
free-elec tron la ser (e.g. LCLS, Stan ford, USA), has been
used to gain fur ther in sights into the func tion al ity of this
en zyme. 
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XPLORING THE STRUCTURAL MECHANISMS OF UBIQUITINATION REACTIONS
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A nov ice to the HEC com mu nity, we would like to in tro -
duce the Lorenz lab o ra tory, our over arch ing re search in ter -
ests, and on go ing stud ies on the struc tural mech a nisms of
ubiquitination en zymes.

Ubiquitination is an ex tremely ver sa tile post -
translational mod i fi ca tion that con trols a wide va ri ety of
cel lu lar path ways. It is ac com plished through the se quen -
tial ac tion of ubiquitin-ac ti vat ing en zymes (E1),
ubiquitin-con ju gat ing en zymes (E2), and ubiquitin ligases
(E3). How ubiquitination en zymes achieve spec i fic ity in
ubiquitin sig nal ing is in com pletely un der stood on a
structural level.

Stud ies in our lab o ra tory aim to un ravel (i) how E2 and
E3 en zymes achieve link age spec i fic ity in ubiquitin chain
for ma tion, (ii) how E3 en zymes rec og nize and mod ify spe -

cific tar get pro teins, and (iii) how the ac tiv i ties of E2 and
E3 en zymes are regulated. 

To an swer these ques tions we em ploy X-ray crys tal log -
ra phy and NMR spec tros copy, to gether with com pu ta -
tional tools, bio phys i cal mea sure ments, and func tional
assays.
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Myxobacteria are of great bio tech no log i cal in ter est due to
their us age of un usual bio chem i cal steps dur ing the pro -
duc tion of a huge di ver sity of bioactive sec ond ary me tab o -
lites. A num ber of these me tab o lites are pro duced from the
com mon pre cur sor isovaleryl coenzyme A (IV-CoA),
which is nor mally de rived from the deg ra da tion of leucine.
Fac ing harsh con di tions or leucine star va tion an al ter na tive 
path way branch ing from 3-hydroxy-3-methylglutaryl-
CoA (HMG-CoA) is used. It in cludes four chem i cal steps
catalysed by five pro teins, which are lo cated on two dif fer -
ent operons [1]. The ex pres sion of one of these operons is
con trolled by a transcriptional reg u la tor, called AibR [2]. 

Here we pres ent the crys tal struc ture of AibR in the
ligand free-state and bound to its pos si ble reg u la tor,
IV-CoA. AibR shows the typ i cal TetR-like transcriptional

reg u la tor ar chi tec ture char ac ter ised by 9 a-he li ces ar -
ranged in an N-ter mi nal DNA-bind ing do main (he -
lix-turn-he lix mo tif) and a C-ter mi nal ligand -bind ing
do main (Fig. 1). By us ing microscale thermophoresis we
could show the spec i fic ity to wards IV-CoA and de ter -
mined the KD to 2 µM. Elec tro pho retic mo bil ity shift as -
says re vealed first in sights into the mode of ac tion of AibR
me di ated transcriptional reg u la tion. From our re sults AibR
seems to func tion in an un usual way to en able or block the
tran scrip tion of the aib-operon.

Fig ure 1. Struc ture of AibR in com plex with IV-CoA. The dif -
fer ence elec tron den sity (FO-FC) is shown in green. DBD:
DNA-bind ing do main; LBD: ligand-bind ing domain.
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Holliday Junc tions (HJs) are four way dou ble stranded
DNA struc tures ap pear ing as in ter me di ates in eukaryotic
ho mol o gous re com bi na tion. Res o lu tion of HJs is fa cil i -
tated ei ther by helicase/topoisomerase BTR com plex or by
struc ture spe cific endonucleases. Slx1 is one of the struc -
ture spe cific endonuclease be long ing to GIY-YIG
superfamily. Slx1 in com plex with Slx4 acts upon var ied
DNA sub strates. Here, we pres ent a 2.1C  crys tal struc ture
of Slx1 from C. glabrata dis play ing a cat a lytic, N-ter mi nal

URI do main con tain ing GIY-YIG mo tif and a C-ter mi nal
Zinc fin ger mo tif in a typ i cal RING to pol ogy. While, Slx1
by it self ex ists as cat a lyt i cally in ac tive homodimer, a com -
plex of Slx1 with C-ter mi nal con served do main of Slx4
(Slx4CCD) was found to be heterodimeric and cat a lyt i cally
ac tive. There fore, we pro pose a switch from cat a lyt i cally
in ac tive Slx1 homodimeric state to cat a lyt i cally ac tive
Slx1-Slx4CCD com plex as a reg u la tory mech a nism for Slx1
endonuclease ac tiv ity.
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