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ELECTRIC CONDUCTIVITY OF MULTI-HEME PROTEINS
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Multi-heme pro teins such as STC or MtrF are mem brane
pro teins fa cil i tat ing long-range elec tron trans fer (ET)
across cell mem brane in metal-re duc ing bac te ria [1]. We
used clas si cal mo lec u lar dy nam ics (MD) to gether with
elec tronic-struc ture cal cu la tions based on den sity func -
tional the ory (DFT) to show that in na tive en vi ron ment the
con ducted elec trons are trans ferred by in co her ent hop ping
be tween the heme co factors. Ki net ics of the ET is sig nif i -
cantly en hanced by pres ence of cysteine link ages [2, 3, 4].
How ever, re cent ex per i men tal mea sure ments of cur -
rent-volt age curves sug gested that the ET mech a nism
changes to co her ent elec tron tun nel ing in vac uum when the 
pro tein is elec tron i cally cou pled with metal elec trodes [5].
There fore, we per formed MD sim u la tions in ac cu rate
gold/pro tein in ter ac tion force field [6] to iden tify ad sorp -
tion of STC and MtrF be tween two gold elec trodes. By the
large-scale DFT cal cu la tion on the com plete in ter fa cial
struc ture with state-of-the-art band align ment cor rec tions
we were able to iden tify the con duc tion chan nels in the
STC junc tion. These are formed pre dom i nantly by
delocalized heme iron states. Fi nally, we ap plied Landauer

for mal ism to com pute I-V curves on in ves ti gated junc tions
us ing the DFT elec tronic states cor rected for band align -
ment and the ET mech a nism is dis cussed. 
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FEMTOSECOND VIBRATION SPECTROSCOPY OF UNPROTONATED RETINAL IN 
A UV ABSORBING RHODOPSIN BIOLOGICAL PHOTORECEPTOR
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Histidine kinase rho dop sin 1 (HKR1) is a unique UV-ab -
sorb ing mi cro bial rho dop sin fea tur ing unprotonated ret i nal 
Schiff-base. It serves as a model sys tem of UV-ab sorb ing
an i mal rhodopsins, in clud ing those of H. sa pi ens. Un like
the sit u a tion for ca non i cal rhodopsins which bind a
protonated ret i nal Schiff base, the photoreaction dy nam ics
of unprotonated retinals have re mained es sen tially un -
known. We re port the photoisomerization and protonation
dy nam ics of HKR1 probed by tran sient ab sorp tion (TA)
and femto second stim u lated Raman spec tros copy (FSRS)
from the femto- to submillisecond timescales. We dem on -
strate that en ergy level or der ing is in verted with re spect to
ca non i cal rhodopsins, i.e. that photoexcitation oc curs from
the S0 to the S2 state, and that the low est-ly ing S1 state is op -
ti cally for bid den. We ob serve that photoexcitation elic its a

dou ble isomerization re ac tion on dis tinct po ten tial en ergy
sur faces: op ti cal ex ci ta tion to the S2 state re sults in
C13=C14 trans-cis isomerization on the S2 - S1 evo lu tion
in 40 fs, fol lowed by C15=N16 anti-syn isomerization on
the S1 - S0 evo lu tion in 4.8 ps. This re sults in two depro -
tonated ground-state photoproducts, all-trans/15- anti and
13-cis/15-syn. Protonation of the for mer oc curs in 58 mi -
cro sec onds, whereas the lat ter is protonated in ~3 ms, re -
sult ing in a sta ble blue-ab sorb ing form of HKR1
com pris ing two dis tinct protonated ret i nal Schiff base con -
form ers. We thus dem on strate the com plete ex cited-state
and ground-state dy nam ics of pro tein-bound unprotonated
ret i nal Schiff base, which con sti tutes a bench mark of the
photochemistry of UV-ab sorb ing rhodopsins of all king -
doms of life.
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Fig ure 1. Ret i nal con form ers in HKR1. (a) UV-ab sorb ing (Rh-UV1) and blue-ab sorb ing (Rh-Bl) states of HKR1. (b) Steady-state
ab sorp tion spec tra of Rh-UV1 (black solid line) and Rh-Bl (blue dot ted line) states. 
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Fig ure 2. Evo lu tion as so ci ated De cay spec tra (EADS) of the 58 µs and in fi nite com po nents of the tran sient ab sorp tion ex per i ments.
(a) EADS of the tran sient ab sorp tion sig nals. (b) A ns-µs time trace at 500 nm of the tran sient ab sorp tion ex per i ments. The open dots

and the solid line show raw data and a fit ting curve, re spec tively. (c) FSRS spec tra taken at 12.5 ns and 100 ms time delay. 

Fig ure 3. Ex cited-state re ac tion model of Rh-UV1 HKR1.
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CRITICAL DEFECTS IN CRYOPRESERVED CELL NUCLEI: DNA STRUCTURE

CHANGES
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In this work, we shed new light on the highly de bated is sue
of chromatin frag men ta tion in cryopreserved cells. More -
over, for the first time, we de scribe rep li cat ing cell-spe cific 
DNA dam age and higher-or der chromatin al ter ations af ter
freez ing and thaw ing. We iden ti fied DNA struc tural
changes as so ci ated with the freeze-thaw pro cess and cor re -
lated them with the vi a bil ity of frozen and thawed cells. 

We si mul ta neously eval u ated DNA de fects and the
higher-or der chromatin struc ture of frozen and thawed
cells with and with out cryoprotectant treat ment. We found
that in rep li cat ing (S phase) cells, DNA was pref er en tially
dam aged by rep li ca tion fork col lapse, po ten tially lead ing
to DNA dou ble strand breaks (DSBs), which rep re sent an
im por tant source of both ge nome in sta bil ity and de fects in

epigenome main te nance. This in duc tion of DNA de fects
by the freeze-thaw pro cess was not pre vented by any
cryoprotectant stud ied. Both in rep li cat ing and non-rep li -
cat ing cells, freez ing and thaw ing al tered the chromatin
struc ture in a cryoprotectant-de pend ent man ner. In ter est -
ingly, cells with con densed chromatin, which was strongly
stim u lated by dimethyl sulfoxide (DMSO) prior to freez ing 
had the high est rate of sur vival af ter thaw ing. Our re sults
will fa cil i tate the de sign of com pounds and procedures to

decrease injury to cryopreserved cells [1].
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FLEXIBILITY OF DNA MISMATCHES AND ITS IMPLICATION FOR MISMATCH
RECOGNITION
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Ther mo dy namic sta bil i ties of base pairs com posed of 36
unique com bi na tions of A, G, T, and C nucleobases in both
anti and syn con for ma tions in the cen tral part of 13-nt long
palindromic DNA were char ac ter ized by bi ased mo lec u lar
dy nam ics sim u la tions. The bias was in tro duced through
two base pair pa ram e ters, open ing and shear, which cover
all pos si ble ar range ments of nucleobases in the base pair
plane. In to tal, we iden ti fied 107 dif fer ent free en ergy min -
ima. We found ex cel lent agree ment be tween cal cu lated
free en ergy min ima and ex per i men tal struc tures of mis -
matches in both free DNA and DNA complexed with the

MutS en zyme. The lat ter sug gests that MutS evolved in
such a way that the mis match rec og ni tion is achieved by
prob ing a mis match to wards the mi nor groove, where mis -
matches ex hibit sta ble al beit en er get i cally less fa vour able
struc tures al ready in the free form while the ca non i cal base
pairs do not. We also found that open ing of mis match to -
wards mi nor groove pro vides better dis crim i na tion from
the ca non i cal base pairs than pre vi ously sug gested bend ing 
of DNA. This find ing can be help ful in better un der stand -
ing of se quence-de pend ent mu ta bil ity or de sign ing chem i -
cal sub stances tar get ing dam aged DNA.
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STRUCTURAL BIOLOGY AT THE DIFFRACTION LIMITED SYNCHROTRON SOURCE
MAX IV 

Marjolein Thunnissen 

MAX IV Lab o ra tory Lund Uni ver sity, Lund, Swe den 
marjolein.thunnissen@maxiv.lu.se

 
The MAX IV Lab o ra tory is a new syn chro tron in Lund,
Swe den which op er ates two stor age rings and a short-pulse
fa cil ity. The MAX IV 3 GeV stor age ring is the first syn -
chro tron ring with a multi-bend achromat de sign pro vid ing
higher pho ton beam bril liance and co her ence.

A num ber of beamlines in ter est ing for Struc tural Bi ol o -
gists is in op er a tion or un der de vel op ment at this fa cil ity.

Amongst these beamlines are the pro tein crys tal log ra phy
beamline BioMAX and MicroMAX, the small an gle scat -
ter ing beamline CoSAXS and the X-ray ab sorp tion spec -
tros copy beamline Balder. There are also op por tu ni ties for
us ing im ag ing tech niques such as m-XRF and soft-Xray
STXM. The beamlines will be pre sented with a slight em -
pha sis on the protein diffraction beamlines.

Friday, March 22, Ses sion II
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Photorhabdus is a ge nus of gram-neg a tive bioluminescent
bac te ria liv ing in a sym bi o sis with Heterorhabditis nem a -
todes form ing a highly entomopathogenic com plex. Such a
com plex is used in ag ri cul ture as a na ture-based in sec ti -
cide. How ever, some mem bers of this ge nus are hu man
patho gens as well. Un der stand ing the mech a nisms that de -
ter mine in ter ac tion be tween Photorhabdus and its sym bi -
onts/hosts could be highly ben e fi cial not only in
biotechnologies but also in clin i cal reasearch and drug de -
vel op ment.

Cell-cell in ter ac tions are fre quently me di ated by
sugar-bind ing pro teins – lectins. Based on the ge nome
anal y sis, there has been iden ti fied po ten tial lectins in num -
ber of Photorhabdus spe cies. Re cently, we examind two of

them in fur ther de tails, namely PLL from P. laumondii
(for merly P. luminescens) [1] and PHL from P. asym bio -
tica [2, 3]. Both lectins share the ba sic struc tural fea tures,

e.g.  b-bar rel fold with seven blades or pres ence of mul ti ple 
bind ing sites per mono mer. How ever, de spite rather high
se quence sim i lar ity, some non-mar ginal dif fer ences were
de tected: oligomeric state, bind ing site pref er ences and or -
ga ni za tion. This lead us to in ves ti gate this lectin fam ily in
fur ther de tails.

We an a lyzed sev eral homo logues of pro teins PLL and
PHL from Photorhabdus spp. We man aged to pre pare
some of them in re com bi nant form and per form ba sic anal -
y sis, as well as solve struc ture of these pro teins in free form 
and in com plexes with nat u rally occuring saccharide lig -


