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Seminar - Dept. of Chemistry

Dr. Pall Pérdarson

Leerdéomar nattirunnar: Sjalfsamsett efni og
nanotaeki

(Nanobiotechnology and bio-organic chemistry)

Stadur (Place): Stofa VR-158, Haskdli islands, Hjardarhaga 2-4.
Dagsetning (Date): Fimmtudagur 17. juli 2008.

Timi (Time): 11:30.

Fyrirlesturinn verour & ensku (The talk will be given in English).

| pessum fyrirlestri mun Dr. Pall Pérdarson, efnafreedingur vid New South
Wales Haskolan i Sydney, Astraliu fjalla um nyustu rannsoéknir sinar & svidi
sjalfsamsettra efna og nanotaeki. Ahersla verdur l6gd & tvd verkefni, annars
vegar lifrafnandteekni sem ganga fyrir sélarorku (Chem. Commun. 2007) og
hins vegar hénnun nyrra sjalfsamsettra gelefna sem eru vidkveem fyrir
neikveedum jonum s.s. kl6ridi og bromiodi (J. Am. Chem. Soc. 2007) sem gaeti
haft mikilveegt notagildi fyrir lyfjag6f, sér i lagi gegn krabbameini.

(Our research interests are in the broad areas of nanobiotechnology and bio-
organic chemistry. The approach we have taken is the bio-mimetic one, i.e. to
look to Nature for inspiration for solving the challenges ahead, especially as
Nature provides us with many functional examples of nanotechnology in
action.

http://www.chem.unsw.edu.au/research/groups/thordarson/)

Malstofustjori: Bjarni Asgeirsson/ bjarni@raunvis.hi.is
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Meistaraprofsfyrirlestur

Sunna Olafsdoéttir Wallevik

Rannsodknir a stellingajafnvaegi setinna silacyclohexan afleida
(Conformational behavior of substituted silacyclohexanes)

Stadur (Place): Stofa VR-158, Haskéli islands, Hjardarhaga 2-4.
Dagsetning (Date): Manudagur 25. agust 2008.
Timi (Time): 16:45.

Fyrirlesturinn verour & islensku (The talk will be given in Icelandic).

Utdrattur: Valdar ein- og 1,1-tvisetnar silacyclohexan afleidur voru smidadar
i peim tilgangi ad rannsaka sameindarbyggingu aslaegra og pverleegra
stolforma peirra og jafnframt ad akvarda varmafreedilegt jafnveegi peirra &
milli. Lagt var upp me0 a0 rannsaka pessar afleidur med beygju
rafeindageisla i gasham (GED), hitastigshadri Raman titringsréfagreiningu og
laghita kjarnarofs meelingum (DNMR). Pegar méguleiki var 4, voru
nidurstédur tilrauna bornar saman vid spagildi skammtafraedilegra reikninga
(QC) og vid nidurstdour samsvarandi cyclohexan afleida. Pessar rannsoknir
verda kynntar asamt efnasmidoum og greiningu stellingajafnvaegis a fleiri
nystarlegum kisilinnihaldandi efnasambéndum.

Summary: Conformational behavior of substituted silacyclohexanes. A
selection of mono- and 1,1-disubstituted silacyclohexanes were synthesized
with the main aim of investigating the molecular structure of their axial and
equatorial chair conformers as well as the thermodynamic equilibrium
between these species. The new compounds were intended for
investigations by means of gas electron diffraction (GED), dynamic nuclear
magnetic resonance (DNMR) and temperature dependent Raman
spectroscopy. Comparisons with available quantum chemical calculations
(QC) along with results for analogous cyclohexane derivatives were also
made. These investigations will be discussed as well as the synthesis and
conformational investigation of some other novel silicon containing
compounds.

Malstofustjori: Bjarni Asgeirsson/ bjarni@raunvis.hi.is
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Meistaraprofsfyrirlestur

Erlendur Jonsson

Theoretical studies of the excited states of HCI

(Kennilegir reikningar & 6rvudum asténdum HCI)

Stadur (Place): Stofa VR-II 158, Haskali islands, Hjardarhaga 2-4.
Dagsetning (Date): Midvikudagur 27. 4gust 2008.
Timi (Time): 16:45.

Fyrirlesturinn verour & ensku (The talk will be given in English).

Summary:

The HCI molecule is a very popular molecule for spectroscopic studies. At the
Science Institute of the University of Iceland, HCI has been studied for a few years
with the REMPI (resonance enhanced multiphoton ionization) technique. This
technique enables the study of previously unknown excited states.

Parallel to that research are the ab-initio calculations, where potentials of the excited
states are calculated. From the potentials it's possible to find the spectroscopic
parameters of each excited state. Several excited states of the HCI molecule have
been calculated.

The capability to do useful calculations for excited states of molecules is fairly recent.
The method, which is used here, is the equation of motions (EOM) formulations for
the coupled cluster methods (CC).

Utdrattur:

HCI sameindin er vinseel i rannséknum me0 litr6fsgreiningu. Sameindin hefur verid
rannsokud i nokkurn tima vid Raunvisindastofnun Haskélans med REMPI adferdinni
(Resonance Enhanced Multiphoton lonization). Pessi adferd gerir kleift ad rannsaka
adur 6pekkt 6rvud astdond sameindarinnar.

Samhlida pessum ranns6knum eru ab-initio Utreikningar, par sem haegt er ad reikna
maettisferla 6rvudu astandanna. Ut fra pessum maettisferlum er haegt ad reikna
litr6fsfasta hvers astands fyrir sig. Nokkur érvud asténd HCI sameindarinnar hafa
verio reiknud.

Getan til a0 beita utreikningum & érvud astdénd sameinda er fremur nyleg. Adferdin
sem hér er beitt er equations of motion (EOM), sem er steekkun & coupled cluster
(CC) aoferodinni.

Malstofustjéri: Bjarni Asgeirsson/ bjarni@raunvis.hi.is
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Ragnar Bjornsson

Theoretical studies of silicon-containing six-membered rings

(Kennilegir reikningar a kisilinnihaldandi sexhringjum)

Stadur (Place): Stofa VR-II 158, Haskali islands, Hjardarhaga 2-4.
Dagsetning (Date): Fostudagur 29. agust 2008.
Timi (Time): 12:30.

Fyrirlesturinn verour & ensku (The talk will be given in English).

Utdrattur: Skammtafraedilegir reikningar & einsetnum og 1,1-tvisetnum 1-
silacyclohexanafleioum voru framkveemdir med pad fyrir augum ad na samraemi milli
kennilegra reikninga og tilraunaniourstadna fyrir stellingajafnvaegi milli asleegrar og pverlaegrar
stellingar. Ny kynsl6d DFT adferda getur spad fyrir um orkumun stellinga mun nakveemar en
adur, skv. samanburdi vid coupled cluster reikninga og tilraunanidurstédur. Ahrif kisilvidbotar
inn i cyclohexanhringinn voru rannsékud og spad var fyrir um stellingajafnveegi margra
mismunandi kisilinnihaldandi sexhringja, sem sumir hafa aldrei verid rannsakadir a0ur.
Stellingajafnveegi kisilinnihaldandi sexhringja er toluvert frabrug0id pvi sem pekkt er fyrir
cyclohexan og adra heterohringi og bendir til pess ad vid eigum enn talsvert eftir i land med
ao skilja stellingajafnvaegi einfaldra lifreenna sameinda.

Summary: Monosubstituted silacyclohexanes were studied by theoretical methods with the
intent of reproducing experimental results of the energy difference between the axial and
equatorial conformers. Density functional theory as well as post Hartree-Fock methods were
utilized. Recent density functionals were found to be capable of reproducing highly accurate
coupled cluster calculated electronic energy differences, as well as experimentally obtained
free energy and enthalpy differences.

The effect of silicon substitution in the cyclohexane ring was investigated and the
conformational properties of a number of silacyclohexanes, that have not been investigated
experimentally or theoretically yet, were predicted. The remarkably different conformational
properties of silacyclohexanes compared to cyclohexanes and other heterocycles indicate
that we do not yet fully understand conformational behaviour of simple organic molecules.

Malstofustjori: Bjarni Asgeirsson/ bjarni@raunvis.hi.is
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The Vibrio salmonicida genome project

Nils Peder Willassen

Dept. of Molecular Biotechnology, Institute of Medical Biology,
University of Tromsg, Norway.

Stadur (Place): Stofa VR-II 158, Haskali islands, Hjardarhaga 2-4.
Dagsetning (Date): Fostudagur 5. september 2008.
Timi (Time): 12:30.

Fyrirlesturinn verour & ensku (The talk will be given in English).

Summary: Six years ago we initiated a project with the intention
to provide sequences from a psychrophilic microorganism in order
to explore cold adapted features of enzymes. Vibrio salmonicida,
a psychrophilic and moderate halophilic pathogen, which is the
causative agent of cold-water vibriosis in marine aquaculture, was
selected as source.

The project developed soon into a whole genome sequencing
project and further into a functional genome project were one of
our aims is to understand environmental adaptation at a molecular
level.

In the talk | will give an overview of the project and give some
examples of subprojects we are currently running to achieve our
goals.

Malstofustjori: Bjarni Asgeirsson/ bjarni@raunvis.hi.is
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Meistaraprofsfyrirlestur

Ester Eyjolfsdottir

Titanasiloxan komplexar: Smidar, greiningar og hvorf.

Synthesis, analysis and reactions of novel titanasiloxane

complexes.
Stadur (Place): Stofa VR-II 158, Haskali islands, Hjardarhaga 2-4.
Dagsetning (Date): Fostudagur 12. september 2008.
Timi (Time): 12:30.

Fyrirlesturinn verour & islensku (The talk will be given in Icleandic).

Agrip: bekkt er fra fyrri rannséknum ad i hvarfi milli Cp**™Ti(u-O)s[‘BuSi-CH,]s

(Cp* = CsMey(p-CsHsMe)) og MeOH i CDCIl; myndadist tvilida par sem Ti-Cp*™™" tengid
hafdi rofnad og titanatomin tengst i stadinn metanoli og tveimur briiandi metoxy hépum
hvort.

i pessu verkefni var fylgst var med framgangi hvarfa Cp*Ti(u-O);['BuSi-CH,]; (1) vid
alkéholin MeOH, EtOH, ‘PrOH, '‘BuOH og PhOH med reglulegum NMR melingum i CDCls.
Einnig voru gerdar tilraunir med adra leysa og var bosunum NaOMe og NaOH beett Gti hvorf
vid MeOH i von um a0 hvarfhradi myndi aukast, en pessi hvorf gerast gifurlega haegt. Greint
verour fra nidurstodum pessarra tilrauna i fyrirlestrinum, auk pess sem tillaga ad hvarfgangi
verour sett fram. Einnig verdur fjallad um smidi og greiningar 4 titanasiloxan atthring (4)
sem myndadist évaent vid hvarf siloxan sexhrings vido Cp*TiCl;, sem og myndefni hvarfs
pessa sama atthrings vio MeLi.

Abstract: A reaction between Cp*® Ti(u-O)s['BuSi-CH,]3 (Cp* = CsMe4(p-C¢HsMe)) and
MeOH in CDClI; had previously been shown to yield a dimer where the Ti-Cp™" bond had
dissociated and the titanium centers were instead connected to two bridging methoxy groups
and a methanol group each.

In this project the reactions between Cp*Ti(u-O);['BuSi-CH,]; (1) and the alcohols MeOH,
EtOH, ‘PrOH, '‘BuOH and PhOH in CDCl; were monitored by NMR spectroscopy.
Experiments where other solvent systems were employed were carried out, and the bases
NaOMe and NaOH added to reactions with MeOH in order to increase the reaction rate, since
these reactions are extremely slow. The results from these experiments will be discussed in
this presentation, and a mechanism proposed. The synthesis and analysis of an eight-
membered titanasiloxane ring (4) will also be discussed, but it formed unexpectedly in a
reaction between a six-membered siloxane ring and Cp*TiCls. The product from a reaction of

4 and MeLi will be described.
Malstofustjéri: Bjarni Asgeirsson/ bjarni@raunvis.hi.is
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Meistaraprofsfyrirlestur

Gudjon Andri Gylfason

Bestun adferda vid einangrun og greiningu himnufleka ur
barmapekju Atlantshafsporsks (Gadus morhua), med aherslu
a alkaliskan fosfatasa.

Optimization of methods for isolation and analysis of lipid rafts from Atlantic cod
(Gadus morhua) intestinal enterocytes, with alkaline phosphatase as a focus point.

Stadur (Place): Stofa VR-II 158, Haskadli islands, Hjardarhaga 2-4.
Dagsetning (Date): Fostudagur 19. september 2008.
Timi (Time): 12:30.

Fyrirlesturinn verour & islensku (The talk will be given in Icelandic).

Agrip: Himnuflekar eru pétt pokkud svadi innan frumuhimnunnar, rik af kolesterdli og
glykosphingolipidum. Einangrun peirra hefur, eftir pvi sem vid best vitum, ekki verid
framkvamd adur i geislauggum (Actionoerygii). Fyrsta markmidid var ad einangra og
audkenna burstalagshimnur og himnufleka ur parmapekjufrumum Atlantshafsporsks til ad
stadfesta tilvist peirra. Olikar adferdir sem porfnudust bestunar syndu allar aukningu i magni
merkiensima, badi i burstalagshimnum og himnuflekum, auk pess sem kolesterol/protein
hlutfall var hatt innan himnuflekanna. Framkvaemdar voru *'P-NMR malingar 4
fosfolipioum sem gafu upplysingar um hatt fosfatidylkélinhlutfall i burstalagshimnum en hins
vegar hatt hlutfall sphingdmyelins i himnuflekum. Préteinmengjafreedilegar upplysingar
fengust med notkun massagreina (MALDI eda LC-ESI) & trypsinmeltum proéteinsynum og
hafa nokkur einkennandi protein verid audkennd i himnuflekunum s.s. aminépeptidasi N, beta
actin og villin 2. Samantekid syndu allar malingarnar pekkt einkenni himnufleka og tilvist
peirra pvi verid stadfest innan burstalagshimna parmapekjufrumna Atlantshafsporsks (Gadus
morhua).

Abstract: Membrane lipid rafts are glycosphingolipid/cholesterol-enriched membrane micro-
domains in the plasma membrane. To the best of our knowledge, no studies have been
performed on lipid rafts from brush border membrane (BBM) in ray-finned fishes
(Actionoerygii). Our aim was to isolate and characterize the BBM and lipid rafts from
Atlantic cod (Gadus morhua) intestinal enterocytes to confirm their existence. All methods
were first optimized and then used to show the enrichment of marker enzymes in both BBM
and lipid rafts and high cholesterol/protein ratio in the lipid raft fraction. We also performed
lipid analysis with *'P-NMR, which gave relative high content of phosphatidylcholine in the
BBM but on the other hand high content of sphingomyelin in the lipid raft fraction.
Proteomics studies where performed by MALDI or LC-ESI mass spectrometry from trypsin
digested protein samples and various proteins have been associated with our lipid raft
preparation such as aminopeptidase-N, beta-actin, and villin 2.

In summary, the selected membrane fraction showed the characteristics of lipid rafts and their
existence has, therefore, been confirmed in the intestinal BBM enterocytes from Atlantic cod
(Gadus morhua). Malstofustjori: Bjarni Asgeirsson/ bjarni@raunvis.hi.is
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Puru Jena
Physics Department, Virginia Commonwealth University,
Richmond, Virginia 23284-2000.
pjena@vcu.edu

Nano Materials for Hydrogen Storage

Stadur (Place): Stofa VR-II 158, Haskali islands, Hjardarhaga 2-4.
Dagsetning (Date): Fostudagur 26. september 2008.
Timi (Time): 12:30.

Fyrirlesturinn verour & ensku (The talk will be given in English).

Abstract: The limited supply of fossil fuels, its adverse effect on the environment, and
growing worldwide demand for energy has necessitated the search for new and
clean sources of energy. The possibility of using hydrogen to meet this growing
energy need has rekindled interest in the study of safe, efficient, and economical
storage of hydrogen. The current methods for storing hydrogen as a compressed gas
or liquid are not suitable for practical applications. An alternate method for hydrogen
storage involves metal hydrides. Although conventional intermetallic hydrides can
store hydrogen reversibly at around room temperature, the relative weight of stored
hydrogen in these materials is rather low (1 — 3 wt %) and do not meet the
requirements of the transportation industry (~10 wt %). For this the host materials
have to consist of light elements such as Li, Be, B, C, Na, Mg, and Al. Unfortunately,
the bonding of hydrogen in these materials is rather strong (covalent or ionic) and the
thermodynamics and kinetics are poor. Ways must, therefore, be found to weaken
the hydrogen bond strength so that host materials composed of light elements can
be used as effective hydrogen storage materials.

This talk will discuss how the novel properties of materials at the nanoscale can
improve the thermodynamics and kinetics of hydrogen. In particular, | will discuss
how carbon based nanostructures such as nanotubes and fullerenes can be used as
catalysts to improve the hydrogen uptake and release in complex light metal hydrides
such as sodium alanate. | will also discuss how carbon nanotubes and fullerenes can
be functionalized with metal and B atoms to adsorb hydrogen in a novel quasi-
molecular form and how such a bonding can improve the kinetics and
thermodynamics of hydrogen sorption. The results, based upon density functional
theory and quantum molecular dynamics, provide a fundamental understanding of
the interaction of molecular hydrogen with hosts consisting of light elements. It is
hoped that the understanding gained here can be useful in designing better materials
for hydrogen storage. Results will be compared with available experimental data.

Malstofustjori: Bjarni Asgeirsson/ bjarni@raunvis.hi.is
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Meistaraprofsfyrirlestur

Jon Bergmann Maronsson

Theoretical Calculations of Electrochemical Systems.

Stadur (Place): Stofa VR-II 158, Haskali islands, Hjardarhaga 2-4.
Dagsetning (Date): Manudagur 29. september 2008.
Timi (Time): 16:45.

Fyrirlesturinn verour & ensku (The talk will be given in English).

Summary: Even though electrochemistry is an old and important branch
of chemistry, the atomic level mechanism of the reactions, structure of
the solid-liquid interface at the electrodes and the origin of overpotentials
are not well understood.

Atomic scale information is hard to come by with experimental
techniques and theoretical calculations on these complex systems pose
challenges that scientists have only recently started to investigate.

A method for simulating an electrochemical cell will be presented and
compared with other proposals for including the effect of an applied
voltage in density functional theory calculations.

Calculations of the electron transfer between electrode surfaces and the
binding of a water molecule as a function of applied voltage will be
presented.

Extensions of the proposed simulation method to better reproduce the
electrochemical cell will be discussed.

Malstofustjéri: Bjarni Asgeirsson/ bjarni@raunvis.hi.is
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Nils Peder Willassen

Dept. of Molecular Biotechnology, Institute of Medical Biology,
NorStruct & MabCent
Univ. of Tromsg, Norway

Marine bioprospecting - The MabCent-SFl initiative in Tromsg

Stadur (Place): VR-Il Stofa 257, Haskoli islands, Hjardarhaga 2-4.
Breyttur stadur - Please note new location.

Dagsetning (Date): Pridjudagur, 30. september 2008.

Timi (Time): 12:30.

Fyrirlesturinn verdur a ensku (The talk will be given in English).

Abstract:

MabCent-SFI is a centre for research based innovation hosted by
the University of Tromsg. The centre focuses on bioactivities from
Arctic and sub-Arctic organisms in search for compounds to be
used in innovation- and commercialization projects.

MabCent-SFI integrates various disciplines and partnerships of
academics at the University of Tromsg and expert SMEs, acting as
a consortium. The consortium covers the pipeline from biology of
marine resources/species through screening and research on
bioactivities to commercialization.

Malstofustjori: Bjarni Asgeirsson/ bjarni@raunvis.hi.is
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Seminar - Dept. of Chemistry

E. Michael Danielsen

Department of Cellular and Molecular Medicine,
the Panum Institute, University of Copenhagen, Denmark.
midan@imbg.ku.dk

Lipid raft organization and function in the small intestinal
brush border.

Stadur (Place): Stofa 158, Haskoli islands, VR-II, Hjardarhaga 2-4.

Dagsetning (Date): Midvikudagur, 8. oktéber 2008.
Timi (Time): 12:30.

Fyrirlesturinn verour & ensku (The talk will be given in English).

Abstract:

The apical cell surface of the small intestinal enterocyte functions as a selective filter
facing the exterior: Thus, while acting as a permeability barrier to protect the
organism from hazardous agents, it simultaneously needs to extract dietary nutrients
from the environment. The accomplishment of this dual task requires a robust and
stable, rather than dynamic, surface. Accordingly, a major part of the brush border
membrane is made up by glycolipids organized in lipid raft microdomains (Danielsen
and Hansen, 2003; Danielsen and Hansen, 2006). The divalent lectin galectin-4 has
long been recognized as an abundant cross-linker of glycolipids and some of the
major peptidases and glycosidases, enabling formation of detergent-resistant
“superrafts”. Furthermore, we have identified a group of lectin-like antibodies,
socalled “anti-glycosyl” antibodies, of both IgA, IgM -and IgG classes, deposited at
the lumenal surface of the brush border. These antibodies, locally synthesized in the
gut and raised against commensal bacteria, may have a protective function by
preventing lectin-like pathogens from gaining access to the epithelium. Recently,
intelectin was added to the list of lipid raft-associated brush border proteins. This
trimeric D-galactosyl-specific lectin, expressed in goblet and Paneth cells and
proposed to serve a protective role in the innate immune response to parasite
infection, is identical to the lactoferrin receptor of the enterocyte brush border. Like
galectin-4, intelectin was isolated from superrafts, indicating that also this lectin
serves as an organizer and stabilizer of the brush border, preventing loss of digestive
enzymes and protecting the glycolipid microdomains from pathogens.

Danielsen EM and Hansen GH (2003) Lipid Rafts in Epithelial Brush Borders: Atypical
Membrane Microdomains With Specialized Functions. Biochim Biophys Acta 1617:1-9

Danielsen EM and Hansen GH (2006) Lipid Raft Organization and Function in Brush Borders
of Epithelial Cells. Mol Membr Biol 23:71-79

Malstofustjori: Bjarni Asgeirsson/ bjarni@raunvis.hi.is
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Proton conducting perovskites

Goran Wahnstrom

Department of Applied Physics, Chalmers University of Technology,
SE-412 96 Goteborg, Sweden

Stadur (Place): Stofa 158, Haskoli islands, VR-II, Hjardarhaga 2-4.
Dagsetning (Date): Fostudagur, 31. oktéber 2008.

Timi (Time): 12:30.

Fyrirlesturinn verour & ensku (The talk will be given in English).

Abstract:

There is currently a considerable interest in high-temperature proton
conducting oxides. Certain perovskites, such as BaZrOs, appear to combine
good thermal and mechanical stability with a reasonably high proton
conductivity, which makes them potential candidates for a wide range of
electrochemical applications. Due to their relatively simple structure they are
also suitable for detailed theoretical investigations.

We will demonstrate how density-functional calculations can be combined
with thermodynamic and kinetic modeling to assess several important
macroscopic properties of this material. Firstly, we will show that the
environmental conditions used during synthesis or processing of a sample
(chemical potential of the substitutional dopants, oxygen partial pressure of
the atmosphere, and temperature) may significantly affect the defect
structure, which explains the large variation in available conductivity data.
Secondly, we will present the elementary steps in the proton conduction,
including the effect of quantization of the nuclear degrees of freedom. Thirdly,
we will demonstrate that the presence of acceptor dopants - although
necessary to achieve a high concentration of protonic defects - can result in a
severe reduction of the proton mobility by acting as 'traps'.

Perhaps this means that the much longed-for improved solid-state proton
conductors of tomorrow are more likely found among materials where
hydrogen is an intrinsic part of the structure, rather than a minority defect.



MALSTOFA efnafreediskorar

Seminar - Department of Chemistry

Nobelsverolaunin i efnafrzaoi 2008

Birkir Por Bragason

Tilraunastéd Haskola Islands i meinafrzeodi a0 Keldum.

Stadur (Place): Stofa 158, Haskoli islands, VR-II, Hjardarhaga 2-4.
Dagsetning (Date): Fostudagur, 7. November 2008.

Timi (Time): 12:30.

Fyrirlesturinn verour & islensku (The talk will be given in Icelandic)

Utdrattur:
Nobelsverdlaunin i efnafraedi 2008 skiptust jafnt & milli Osamu

Shimomura (Marine Biological Laboratory Woods Hole, MA;
Boston University Medical School Massachusetts), Martin

Chalfie (Columbia University New York) og Roger Y. Tsien (University

of California San Diego; Howard Hughes Medical Institute). Verdlaunin voru
veitt fyrir uppgbtvun & graenu flarpréteini (green fluorescent protein, GFP)
marglyttunnar Aequorea victoria auk rannséknar og préunarvinnu i kjélfariod
sem hafa gert GFP ad mikilvaegu “merkiteeki” vid margvislegar rannséknir i
lifvisindum. 1 erindinu verdur fari® yfir ségu uppgétvunarinnar og fjallad

almennt um GFP og notaglidi pess i ranns6knum.



MALSTOFA efnafreediskorar
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Omar Gustafsson

Research Scientist Decode Genetics

Microchip Electrochromatography

Stadur (Place): Stofa VR-II 158, Haskali islands, Hjardarhaga 2-4.
Dagsetning (Date): Fostudagur 14. névember 2008.
Timi (Time): 12:30.

Fyrirlesturinn verour & ensku (The talk will be given in English).

Summary:

The objective of the work presented here was to explore microchip
electrochromatography in terms of new integrated functionalities and new substrate
materials. Here two different microchip designs for electrochromatography will be
presented, each of them featuring a microfluidic network with a standard cross
injector and a separation column with microfabricated pillars as support for a
stationary phase. The fabrication techniques used will be briefly presented and
results demonstrating the functionalities of the microchips will be presented.

First, a silicon based microchip for electrochromatography is presented. All of the
structures on the microchip are fabricated in silicon in a single etching step using
deep reactive ion etching. The microchip features planar UV-transparent silicon oxide
waveguides, a 1 mm long U-shaped detection for UV-absorbance measurements. A
glass wafer is used to seal the microchip. An stationary phase is attached to the
surface of the microchip and reversed phase electrochromatography is demonstrated
by separating three neutral compounds.

The latter microchip that is presented is a polymer based microchip. The microchip is
fabricated by nanoimprint lithography. The microchip is sealed with a thin polymer
layer that has been spun onto a glass wafer. Reversed phase electrochromatography
separation of three fluorescently labeled amines is demonstrated where the
underivatized polymer surface is used as a stationary phase. Laser induced
fuorescence through the substrate is used for detection.

Malstofustjori: Bjarni Asgeirsson/ bjarni@raunvis.hi.is
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Abstract: In site-directed spin labeling (SDSL), a stable nitroxide radical is attached
at a specific location within a macro-molecule, and structural and dynamic
information at the labeling site is obtained via electron paramagnetic resonance (EPR)
spectroscopy. Our work centers on a family of nitroxide probes, called the R5-series,
which can be attached at a specific nucleotide of any given RNA and DNA in an
efficient and cost-effective manner. I will present work on using the R5-probes for
measuring nanometer distances as well as probing site-specific structural and dynamic
features of DNA and RNA.
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Utdrattur: Undanfarin ar hafa verid stundadar nysmidar a fjélsetnum bicyclo[3.3.1]nénan og bicyclo[4.4.0]dekan
efhasambondum 4 Raunvisindastofnun Haskolans og lifvirkni pessara efhasambanda verid rannsdkud. Efnin hafa
t.d. synt virkni gegn ymsum tegundum krabbameins, sérstaklega pau bicycloefni sem hafa aromatiska sethopa.
Adferdirnar sem notadar eru vid nysmidar 4 pessum efnum eru fremur einfaldar og eru 1 edli sinu mjog
ramvendnar. Bicyclo[3.3.1]n6nan og bicyclo[4.4.0]dekan efnasambondin eru myndud med pvi ad hvarfa a,3-
omettud aldehyd og trikarbonylefnid dimetyl 1,3-asetondikarboxylat vid basiskar adstedur.

Nokkur aromatisk o,p-0mettud aldehyd voru nymyndud i dgeetum heimtum med Heck kuplunar hvarfi milli
aryljodida og 2-propenals. Chan-Lam kuplun var einnig notud til ad aryla 4-joddfendl med arylborsyru afleidum.
bau aryljodid sem fengust ur peim hvorfum voru pa notud til myndunar & nystarlegum o,3-6mettud arématiskum
aldehydum sem innihalda diaryl eter tengi. Oll nymyndud aldehyd voru svo notud asamt nokkrum adkeyptum
aldehydum til nysmida a nystarlegum bicyclo[4.4.0]dekan afleidum sem voru einangrud i medalgdédum eda mjog
g60um heimtum. Umfangsmiklar rannsoknir voru einnig gerdar til pess ad proa nothafa adferd vid nysmidar a
handhverfuhreinum bicyclo[3.3.1]n6nan afleidum med lifrenum hvotum. Nidurstddur peirra rannsdkna lofa godu
en adferdir hafa ekki verid fullmodtadar.

Summary: For the past decade or so, synthesis of polysubstituted bicyclo[3.3.1]nonanes and
bicyclo[4.4.0]decanes and research on the biological activity of such compounds has been conducted at the
University of Iceland Science Institute (SI). These novel compounds have been tested against various types of
cancer and results imply cytotoxic potential, especially those bicyclic compounds that bear an aromatic substituent.
The synthetic pathways implemented at SI towards these bicyclo[3.3.1]nonanes and bicyclo[4.4.0]decanes are
relatively simple and remarkably stereoselective. In both cases, these compounds are formed by reaction of an o,3-
unsaturated aldehyde and dimethyl 1,3-acetonedicarboxylate under basic condititions.

As precursors of bicyclo[4.4.0]decanes, various aromatic o,3-unsaturated aldehydes were synthesized in good
yields using a Heck coupling reaction variant involving reactions of aryl iodides and acrolein. Chan-Lam coupling
of arylboronic acid derivatives and 4-iodophenol was used to synthesize novel aryl iodides. The resulting aryl
iodides were then reacted with acrolein under Heck reaction conditions, providing novel, ether-bonded, aromatic
a,B-unsaturated aldehydes. These novel aldehydes, as well as aromatic aldehydes that were obtained from
commercial providers, were then used in synthesis of novel bicyclo[4.4.0]decanes which were obtained in
moderate to excellent yields. Extensive research on a viable synthetic pathway towards enantiomerically pure
bicyclo[3.3.1]nonanes using asymmetric organocatalysis was also carried out showing some promise but has yet to
be optimized.
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Summary: Computational approaches to the prediction of the
thermodynamic stabilities of crystal structures The prediction of the
energetically favorable configuration of the atomic coordinates at a given
temperature is difficult for periodic systems in particular. I will present
approaches and numerical results for systems where disorder is
negligible, and lattice vibrations are the dominant source of entropy. |
will show how symmetries can be taken advantage of to enhance the
convergence of the search for equilibrium configurations, and how
stabilities at finite temperatures can be assessed numerically. The
example cases focus on complex metal hydrides, which are of interest as
reversible hydrogen storage materials. These systems often exhibit large
unit cells with many symmetrically inequivalent parameters and therefore
mean a large effort for the calculation of their electronic structure.
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Summary: Global optimization techniques are widely applied to
solve problems encountered in diverse research fields such as
natural sciences, engineering, medicine, and economy. Genetic
Algorithms (GA) and Simulated Annealing (SA) are two of the most
robust, efficient, and well known stochastic global optimization
approaches. The first part of my talk shows how GA was used to
study the structure of Si clusters with up to 30 atoms. The second
part of my talk focuses on SA geometry optimizations of Acetylene
- Benzene clusters using fitted Acetylene - Acetylene, Acetylene -
Benzene, and Benzene - Benzene dimer potentials. The final part
of my talk describes both how global optimization methods can be
used to predict the crystal structure and kinetics of hydrogen
storage materials such as metal ammines and borohydrides from
Density Functional Theory.
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Summary:

Protonic membranes are currently recieving much attention due to the possible
application in proton conducting fuel cells or for gas separation membranes. Solid
oxide ceramics could be superior to polymeric and metallic membranes, but many
fundamental properties of hydrogen in oxides is still poorly understood, making
modelling difficult and experimental work less efficient. The interaction of hydrogen
defects in the material is one of these.

We have performed DFT calculations on possible configurations of two
hydrogen defects in a 2*2*2 (40 atoms) and 3*3*3 (135 atoms) SrTiOs supercell. The
most stable configuration for two hydrogen in the system have been determined to be
between 2.2 - 2.5 A, stabilized by ca. 0.3 - 0.5 eV compared to isolated defects.
Reasons for this apparently attractive interaction have been identified. Among the
most importaint is the structural changes introduces by the hydrogen defect and the
system symmetry.

The diffusional mechanism for the doubble defect have been investigated. We
find that it is possible for the double defect to diffuse through the SrTiO3 crystal
without breaking up via several distinct reaction paths. The mobility have been
calculated for a few of these and is compared to mobility of a single hydrogen defect.
Major differences are observed, both regarding barrier heights and “transition state
theory” prefactors.
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Abstract:

It has long been known that molecules exist in outer space. More recently it has
become clear that molecules are important for star formation. There is therefore an
interest to know how molecules form and how they are destroyed in interstellar space.

As a result, a need for astrochemistry has turned up.

400 years ago Galileo Galilei turned his telescope to study the sky for the first time.
To celebrate this, 2009 is the International year of Astronomy. I will give a general
introduction relating to this before turning to a discussion of how chemical reaction

rates can be calculated theoretically with emphasis on low temperature.
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Protein Ser/Thr phosphatases (PPP) comprise a family that includes type-2
PP2A, PP4 and PP6, each with essential functions. PP6 is an essential phosphatase
conserved among eukaryotes and known as Sit4 in Saccharomyces cerevisiae (yeast).
Sit4 phosphatase function depends on regulatory subunits or SAP (Sit4 Associated
Protein) proteins which contain a SAPS domain. To study the regulation and function
of PP6, potential regulatory subunits of PP6 were identified based on sequence
similarity to the yeast SAP proteins. Three human SAPS domain proteins were found
and named PP6R 1, PP6R2 and PP6R3. PP6R1 and PP6R2 co-precipitated
endogenous PP6, but not PP2A or PP4, showing specificity for recognition of PPP
phosphatases. The SAPS domain of PP6R1 alone was sufficient for association with
PP6 and this predicts that the conserved sequence motifs in the SAPS domain account
for specificity among PPP. Using mass spectrometry, three ankyrin repeat proteins
were identified that stably associate with PP6R1. Immunoprecipitation of an ankyrin
repeat subunit (PP6-ARS-A) showed specific association with PP6 and PP6R1
compared to PP2A and PP4. Previous results showed that PP6R1 associates with
IxBe, a protein involved in NF-xB signaling. Knockdown of PP6 or PP6R1 but not
PP6R3 with siRNA significantly enhanced degradation of endogenous IkBe in
response to Tumor Necrosis Factor-alpha (TNFa). This demonstrates that different
SAPS domain subunits for PP6 have specific effects. Knockdown of PP6R1 and PP6-
ARS-A produced equivalent enhancement of IkBe degradation. The results suggest
that PP6 functions as a heterotrimer, composed of the PP6 catalytic subunit bound to a
SAPS domain subunit (PP6R1) that associates with PP6-ARS-A. It is proposed that
the function and specificity of PP6 will be determined by the specific combination of
SAPS and PP6-ARS subunits in different heterotrimers.
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Abstract. Environmental pollution is an increasing problem in the modern society.
The spatial trend of several organic pollutants, e.g. PCB, the pesticide DDT and some
of their metabolites, was investigated in the Nordic countries where guillemot was
used as a monitoring matrix. The pollutants were analysed in eggs from Iceland, the
Faroe Islands, Norway and Sweden (The Baltic Sea) for a spatial comparison.

The results show that the biota in the North Atlantic is less contaminated compared to
biota in the Baltic Sea, with some exceptions that need to be clarified.
Polyfluorinated alkyl compounds, which are coming from e.g. outdoor clothes, were
recently discovered in a considerable amount in the environment. These compounds
were found in eggs from all locations and in some cases in higher amount in eggs
from the North Atlantic compared to eggs from the highly contaminated Baltic Sea.
Brominated flameretardants, used in e.g. electronics, were detected in all egg samples
and there seems to be a pattern indicating their origin, either from N-America or
Europe.

A comparison of pollutants in different bird species was also conducted, i.e. Arctic
tern (kria), eider (edarfugl), guillemot (langvia), fulmar (fyll), lesser black-backed
gull (silamafur), great black-backed gull (svartbakur) and great skua (skamur). Eggs
of great skua contained highest amount of pollutants, including PCB and the pesticide
DDT, and it is important to investigate the physical condition of the great skua.

The results are showing that a certain part of the pollutants detected in the North-
Atlantic are carried with wind and sea-currents from source locations. Still, a
considerable amount is present because of our own use of products containing these
pollutants.



Utdrattur: Ahyggjur af umhverfismengun er vaxandi { heiminum, enda er styrkur
mengandi efna i moérgum tilvikum ad aukast. Skodud var pravirk lifreen mengun a
Nordurlondunum, t.d. PCB og skordyraeitrid DDT 4samt nidurbrotsefnum beirra, og
voru pau meld i langviueggjum. Efnin voru meeld i eggjum fra {slandi, Faereyjum,
Noregi og Svipj6d til ad fa landfredilegan samanburd.

Nidurstodur syna ad lifriki Nordur Atlantshafsins er minna mengad en lifriki
Eystrasaltsins, en p6 reyndust ymiss mengandi efni vera i svipudum styrk a pessum
svedum og parf ad rannsaka nanar af hverju pad stafar. Flaorerud alkanefni, sem
koma m.a. Ur ativistarfatnadi, hafa nylega fundist i umtalsverdu magni i nattarunni
maeldust i langviueggjum fra Islandi, Faereyjum, Noregi og Svipj6d og voru i einstaka
tilfellum 1 haerri styrk 1 eggjum fra N-Atlantshafi en i Eystrasaltinu. Bromerud
eldvarnarefni, sem m.a. eru notud i raftaeki, voru allstadar malanleg og virdist vera
hagt ad greina mismunandi uppruna efnanna sem berast til Nordur Atlantshafsins,
annars vegar fra N-Ameriku og hins vegar fra Evropu.

Einnig var gerdur samanburdur 4 magni mengandi efna i sj0 islenskum
fuglategundum, p.e. kriu, e&darfugli, langviu, fyl, silamafi, svartbak og skami.
Skimurinn reyndist hafa umtalsvert haan styrk mengandi efna, m.a. PCB sambanda
og skordyraeitursins DDT, og er mikilvegt ad rannsaka heilsudstand skiimsins.

Ljost er ad hluti peirrar mengunar sem melist i islensku lifriki berst med haf- og

loftstraumum til fslands en hins vegar er umtalsverdur hluti tilkominn vegna notkunar
Islendinga 4 varningi sem inniheldur margvisleg mengandi efni.
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Abstract

The rapidly expanding field of nanoscience and nanotechnology is cross-disciplinary by
nature and involves physics, chemistry, biology, molecular biology and medicine. It is
considered a very promising field, which is expected to give powerful impetus to a new
industrial revolution. The Interdisciplinary Nanoscience Centre (iNANO) (www.inano.dk)
was established in 2002, and the iNANO mission is based on the following three equally
important pillars: Education, Research and Innovation. We have established a new bachelor
and master educational programme in nanoscience that incorporates a broad spectrum of
basic, advanced and specialized courses to provide students with a sufficiently broad basis to
conduct interdisciplinary nanoscience research and at the same time obtain disciplinary depth
and specialised skills in selected areas. I will give a brief introduction to the activities at
iNANO.

I will thereafter give an overview of the research activities in my own research group.
Scanning tunneling microscopy (STM) has since it was invented 25 years ago proven to be a
fascinating and powerful technique in the field of surface science and nanotechnology. The
fact that sets STM apart from most other surface sensitive techniques is its ability to resolve
single atoms and molecules on surfaces and in certain cases to reveal the dynamics of surface
processes and nanostructures by recording many sequential STM images using a fast-
scanning, variable temperature STM. I will in particular demonstrate the capability of the
STM to record time-resolved, high-resolution STM images, visualized in the form of STM
movies (see www.phys.au.dk/spm), which can be used to obtain important new insight into
the dynamics of surface processes and of nanostructures, such as surface diffusion of adatoms
and molecules [1-3], diffusion of vacancies and molecules on oxide surfaces [4-6]. I will
show how STM studies of MoS2 nanoclusters supported on a gold substrate have led to a new
and detailed atomic-scale insight into the variety of MoS2 nanostructures that may form
under conditions relevant to operation and sulfiding of hydrodesulfurization (HDS) catalysts




[7,8]. Finally, the self-assembly of Nucleic Acid (NA) base molecules on solid surfaces has
been investigated since NA base molecules and DNA molecules are particularly interesting as
promising building blocks for the bottom-up fabrication of functional supramolecular
nanostructures on surfaces. [ will discuss the fact that Guanine molecules form the so-called
G-quartet structure on Au(111) that is stabilized by cooperative hydrogen bonds.
Interestingly, cytosine molecules only form disordered structures by quenching the sample to
low temperatures, which can be described as the formation of a 2D organic glass on Au(111)

[9].
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Abstract

The fluorescent nucleoside (fluoroside) C'is a cytosine-analogue that forms a stable base pair
with deoxyguanosine in duplex DNA. Upon incorporation of the fluoroside into double
stranded DNA, it retains most of its fluorescence. Furthermore, the fluorescent signal is
different depending on the nucleotide that C' is base-paired to, making it able to identify its
base-pairing partner. These abilities make it a promising candidate for single nucleotide
polymorphism (SNP) genotyping. A preliminary study showed that the flanking sequence, i.e.
the nucleotides immediately flanking the 3" and 5 side of the fluoroside, affected the
emission of C' (Cekan P and Sigurdsson ST (2008), Chem. Comm., 29, 3393-3395). We were
therefore interested in examining the effects of all possible flanking sequences on the
fluorescence intensity of C". We found that the flanking sequence does induce changes in the
emission, but to a different degree depending on the flanking sequence in question. In fact
there were three distinct levels of mismatch detection. First, in the majority of flanking
sequences (10 of 16), C" was capable of identifying its base-pairing partner. In the second
category (3 of 16), C' was able to discriminate the fully base paired duplex from the
mismatches. In the last category (3 of 16), the fluoroside was not able to distinguish the fully
base paired duplex from a mismatch. However in the sequences where distinction between all
base-pairing partners was not possible, we were able to alter conditions, so that full
discrimination was facilitated. The ability to use C" in any flanking sequence makes it one of
the most versatile SNP genotyping probes available today.



Agrip

Flurljémandi kirnisleifin (fluorosid) C' er afleida deoxysytidins og myndar stédugt basa-par
vid ghianosin. Vid innlimun fluordsidsins i tvipaetta kjarnsyru (DNA), vidhelst megnid af
flarljomuninni. AS auki er hid flarljomandi merki 6likt eftir pvi vid hvada kirnisleif C" er
parad. Pannig getur C' greint hvada basi er 4 motsteeda paettinum. Pessir eiginleikar gera
fllor6sioid ad mjog akjosanlegum flurljomandi hopi til ad greina SNP (e. Single Nucleotide
Polymorphism), sem eru einkirnis-stokkbreytingar sem geta valdid hinum ymsu sjukdomum.
Fyrri rannsoknir 4 dhrifum hlidstaedra basa, p.e. basa sitt hvorum megin vid C", bentu til pess
a0 peir hafa ahrif & flarljomun (Cekan P and Sigurdsson ST (2008), Chem. Comm., 29, 3393 —
3395). bvi var akvedid a0 skoda ahrif allra mogulegra hlidsteedra basa 4 flurljdémun
florésiosins og 16 flarljomandi fakirni smidud. Nidurstoournar syndu ad hlidsteedu basarnir
hafa toluverd ahrif, en ad mismiklu magni. Unnt var ad greina ahrif hlidstaedra basa i prja
flokka. I fyrsta flokknum, og reyndar peim starsta (10 af 16), var hagt ad greina nakvamlega
hvada basi vaeri 4 motsteeda paettinum. [ naesta, var unnt ad greina rétta basa-porun vid G fra
misporun (3 af 16). I pridja flokknum gat C' ekki greint réttu basa-pérunina fra mis-porudu
DNA (3 af 16). Aftur 4 moti var unnt, med pvi ad breyta adsteedum, greina a milli allra basa
sem basa-paradir voru vid C', 6h4d hlidsteedum bosum. bvi er unnt ad nota C' il pess ad
greina SNP, 6had hlidstedum bosum.
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Abstract

Hydrogen is, for many reasons, an appealing energy carrier. The main problem
for

using hydrogen as fuel in mobile application is the onboard storage. Many
studies

have been done on so called metal hydrides for the purpose of storing hydrogen.
For a metal hydride system to fulfill its task of being a good hydrogen storage

it needs to release the hydrogen close to 100:C and the gravimetric portion of
hydrogen in the system should be high, at least 6 wt% Former studies done in
the

H. J6nsson group showed that hydrogen binds more strongly to Mg, compared
to large crystalline MgHz, if the Mg is in nano scale clusters. Unfortunately,

for Mg the hydrogen binding energy is already to large for the MgHz crystal.
These results have motivated us to look at the hydrogen binding in nano scale Al
clusters, since the alane crystal (AlH3) is thermodynamically unstable at room
temperatures but has a very high gravimetric portion of hydrogen, 10.1 wt%
We have studied the stability and structure of nano scaled aluminum and
aluminum

hydride clusters with plane wave based density functional theory (DFT).

The structures of AlnH3n clusters are surprisingly open and all aluminum atoms
are connected through a hydrogen bridging bonds. These bridging bonds make



the clusters very open and floppy. The binding energy of hydrogen in the
aluminum

hydride clusters has been calculated for clusters with 2 to 30 Al atoms.

As for MgHz, the binding energy is larger for small clusters of AlH3 than for the
crystalline material. A model has been fitted to our data, to predict the binding
energies of hydrogen for even larger clusters. By comparing the stabilities

of the pure aluminum clusters to the stability of aluminum hydride clusters, one
sees that the reason for the increase in binding energy is due to the fact that
the pure aluminum clusters destabilize more than the aluminum hydride
clusters

with decreasing size.

Agrip

Vetni er fyrir margar sakir akjésanlegur orkuberi. Helsta vandamal vid ad nota
vetni sem eldsneyti { farartaekjum er geymsla pess um bord. Malmhydrié hafa
mikio verid ranns6kud sem hugsanlegar vetnisgeymslur. Til pess a0 malmhydrio
uppfylli skilyrdi sin sem géodvetnisgeymsla parf pad ad losa vetnid vid um 100-C
og massahlutfall vetnisins { kerfinu parf ad vera hatt, { pad minnsta 6 wt%. Fyrri
rannsoknir sem gerdar hafa verid { ranns6knarhdépi Hannesar Jonssonar hafa
synt

ad vetni bindst fastar { Mg, i samanburdi vidstéra kristalla, ef Mg er {
nandsteerdar

klosum. Svo 6heppilega vill pé til ad fyrir Mg bindst vetni of fast { MgH2
kristalnum

og er pessi aukna binding pvi 6hagstaed. Pessar nidurstodur hafa veitt okkur
innblastur fyrir pvi ad skoda bindingu vetnis { nanostaerdar al klosum, par sem
alane kristallinn (AlH3) er varmafraedilega 6stodugur vid herbergishita en hefur
mjog hatt massahlutfall vetnis, 10.1 wt%

Vio héfum rannsakad stodugleika og atém byggingu 4 nand sterdar al og
alhydrio

klésum med plan bylgju byggdri péttnifellafreedi (DFT). Pad kemur a Gvart
hversu opin atém bygging Al.H3z» klasanna er, en i henni eru 611 4l atémin tengd
med braudum vetnistengjum. Pessi braudu vetnistengi gera pad ad verkum ad
alhydridklasarnir eru mjog opnir og sveigjanlegir. Bindiorka vetnis { alhydrio
klosum hefur verid reiknud fyrir klasa med 2-30 atomum. Likt og fyrir Mg pa er
bindiorkan heerri fyrir smaa klasa af ali heldur en fyrir kristalinn. Likan, byggt

a reiknudum géognum, hefur verio notad til pess ad spa fyrir um bindiorku vetnis
i ennpa steerri klosum. Med pvi ad bera saman stéduleika hreinna al klasa vid
stodugleika alhydridklasa sést ad dsteeda vaxtar bindiorkunnar er uppruninn fra
pvi ad hreint al missir stodugleika mun hradar en alhydrid pegar klasarnir
minnka.
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Abstract:

Our research group is focused on the development of new useful
synthetic methods and the total synthesis of complex natural products
with appealing biological functions. Two case studies, representing each
one of these research areas, will be presented along with a preview of
other ongoing programs.
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Abstract:

PP2A is a major phosphatase in the cell that participates in multiple cell
signaling pathways. It is a heterotrimer of a core dimer and variable
regulatory subunits. Details of its structure, function and regulation are
slowly emerging. By using X-ray crystallography we have solved the
structure of two regulators of PP2A; PTPA and B56y. PTPA is a highly
conserved enzyme that plays a crucial role in PP2A activity but whose
biochemical function is still unclear. PTPA has a novel all a helical fold
that can now be described as well as a putative peptide binding site for
interaction with the catalytic subunit of PP2A. B56y is a PP2A regulatory
subunit linked to cancer and we have solved the structure of B56y in its
free form. This is particularly valuable in light of the recent structures of
the PP2A holoenzyme and core dimer and allows for speculations about
the holoenzyme assembly.
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