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H I G H L I G H T  P U B L I C AT I O N S

Scientists at the HZI published about 1000 articles in the years 2014/2015. A large propor-

tion of these papers appeared in top-tier journals. The HZI regularly acknowledges excit-

ing publications by awarding a prize for the so-called “HZI Paper of the Month”. The winners 

are selected by an  in-house jury and the prize is financially supported by the “Friends of the 

HZI”. In this section, a selection of these excellent publications is presented by the authors.
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MODULATION OF TLR SIGNALLING 
BY HERPESVIRUSES

Toll-like receptors (TLR) play a crucial role in the detection of invading pathogens. Some 

viruses effi  ciently block TLR signaling, among them the human gammaherpesvi-

rus Kaposi’s sarcoma-associated herpesvirus (KSHV) and the murine gammaher-

pesvirus 68 (MHV68). One KSHV protein, the replication and transcription activa-

tor (RTA), has found an elegant way to block TLR signalling: it directly targets the 

receptor and thus inhibits the entire downstream signalling cascade. As a key 

regulator of the viral life cycle and a viral protein that targets multiple innate im-

mune signalling proteins, RTA makes an extremely attractive target for antiviral drug 

development.

Prof. Melanie Brinkmann, Head of the Junior Research Group “Viral Immune Modulation”

sophisticated mechanisms to modulate the immune system 

Figure 1: 
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Figure 3:

proteasomal or lysosomal degradation.

and other proteins by targeting them for proteasomal or lyso-

The Gammaherpesviruses Kaposi’s Sarcoma-Associated Herpesvirus and Murine Gam-

maherpesvirus 68 Modulate the Toll-Like Receptor-Induced Proinfl ammatory Cytokine Response.

 88(16)
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TYPE-III PROTEIN SECRETION 
IN SALMONELLA ENTERICA

Dr. Marc Erhardt, Head of the Junior Research Group “Infection Biology of Salmonella”

The incidence of foodborne outbreaks caused by Enterobacteriaceae like Salmonella re-

mains substantial and constitutes a signifi cant socioeconomic burden also in Europe. 

Of special importance is the increasing emergence of multidrug-resistant Enterobac-

teriaceae. The targeting of their virulence-relevant factors is a promising approach 

for the development of novel anti-infectives. The aim of this project was thus to de-

cipher the molecular mechanisms of important virulence traits of Salmonella with a 

focus on the molecular mechanism of type-III protein secretion. 

 represent 

o

o

secretion apparatus using a combination of sophisticated 

Figure 1: 
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Figure 1: 

ATPase-Independent Type-III Protein Secretion in Sal-

monella enterica.  10 (11)

Figure 2: -
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NANOPARTICLE-MEDIATED VACCINATION

Today, most of the vaccines approved for human use are adminstered by needle injection. However, we 

were able to demonstrate that vaccines can be delivered across an intact skin barrier using nanoparticle-

based adjuvanted formulations. 

-

resulting in the re-emergence of already controlled diseases 

-
-

-

-

are considered. 
-

-
etrating into hair follicles particles may get in contact with 

1

we could demonstrate that nanotechnology in combination 

-
mune responses without any untargeted disruption or modu-

stratum corneum.

Prof. Carlos A. Guzmán, Head of the Department “Vaccinology and Applied Microbiology”

Prof. Claus-Michael Lehr, Head of the Department “Drug Delivery”

Figure 1: 
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Figure 2: 

cellular immune responses.

Inverse micellar sugar 

glass (IMSG) nanoparticles for transfollicular vaccination.  206

in the same carrier. 

sults of this study underscore the potential of transfollicular 
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VIRULENCE OF PSEUDOMONAS AERUGINOSA

Antibiotic-resistant bacterial infections result in a high demand for novel anti-infectives 

that are less prone to tolerance. A promising strategy is to selectively target non-vital 

functions associated with the pathogenicity of bacteria such as the production of 

virulence factors and biofilm formation. The human pathogen Pseudomonas (P.) ae-

ruginosa causes acute and chronic persistent infections and progressive deteriora-

tion of the lung e.g. in cystic fibrosis patients. It controls the expression of virulence 

factors via a cell density-dependent extraordinary cell-to-cell communication system 

(known as quorum sensing, QS) by using signal molecules. PqsR is the key receptor 

of a P. aeruginosa-specific QS system that regulates multiple virulence factors such as 

pyocyanin at the transcriptional level. Targeting the receptor PqsR by antagonists that do not 

affect the bacterial viability is considered to be a novel promising approach towards the development of 

anti-virulence therapeutics as this strategy is expected to abate resistance development. 

Prof. Rolf Hartmann, Head of the Department “Drug Design and Optimization”

Figure 1: 

-
re-

in 
in a reporter gene assay in 

possible biotransformation of the antagonist within -
nosa

seudomonas ui-
nolone s



79

HIGHLIGHT PUBLICATIONS

79

-
-

ity in the 

nematode 
mellonella

-
condi-

tions can be rescued by rational consideration of other 
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Figure 2: -

Overcoming the Unexpected Functional Inver-

sion of a PqsR Antagonist in Pseudomonas aeruginosa: An In Vivo Potent Antivirulence Agent Targeting 

pqs Quorum Sensing.  53 

and 
-

-
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STRUCTURE ELUCIDATION AND TOTAL SYNTHESIS 
OF THE BACTERIAL GROWTH INHIBITOR   -LIPOMYCIN 

The structure elucidation of natural products is one of the pivotal tasks before chemists can 

pave the way towards making these compounds accessible by synthesis. The most valuable 

tool for structure elucidation is NMR spectroscopy, which allows determination not only 

of the constitution (connection of atoms) of natural products but also of their configura-

tion, which is the three-dimensional arrangement of atoms. Recently, researchers have 

provided an analysis to predict the structure of a class of secondary metabolites called 

polyketides to a large extent. However, a complete and detailed structure analysis was not 

possible with this method. We proposed a statistical method, the so-called hidden Markov 

Model (HMM), which allows prediction of the configuration at small residues of the molecule, 

the methyl groups, that were previously not accessible to this kind of analysis. In order to confirm 

the validity of our analysis and to use its value for synthetic chemistry we analysed the configuration of 

β-lipomycin, which was first isolated in 1972 from a strain of Streptomyces aureofaciens and inhibits the 

growth of several Gram-positive bacteria. Our synthesis provides support for the correct structural assign-

ment and facilitates the production of large amounts of this natural product.

Prof. Markus Kalesse, Head of the Department “Medicinal Chemistry”

-

-

-

Figure 1: 
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to allocate them to one or another family that generates one 

-
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1

into four segments 5, 6, 7 and 8 3

1

The Structure Elucidation and Total Synthesis of β-Lipomycin. 

Figure 2: 1 Figure 3: 1

-
tural assignment solely rely on the statistical analysis of the 

-
bility of this analysis.
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PREVALENCE OF CHRONIC 
HEPATITIS B VIRUS INFECTION

Hepatitis B virus (HBV) infection is a health concern worldwide since it can lead to se-

vere liver diseases. HBV is also a major human carcinogen causing primary liver can-

cer. Information on the prevalence of chronic HBV infection (sero-prevalence of the 

hepatitis B surface antigen, HBsAg) and the number of individuals living with HBV 

in each country has been lacking but is important to identify high endemicity areas 

and to investigate the impact of vaccination and health programs.

-

-
-

-
-

-

-
-

-

-

Prof. Gérard Krause, Head of the Department “Epidemiology”

Figure 1:
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tion health in a highly mobile society. 

Corresponding author: Dr. Jördis J. Ott

Estimations of worldwide prevalence of chronic 

hepatitis B virus infection: a systematic review of data published between 1965 and 2013.  386

Figure 2:

no data
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INTERFERON REGULATORY FACTOR-1 PROTECTS FROM 
FATAL NEUROPATHIC VIRUS INFECTION

 

Dr. Andrea Kröger, Head of the Research Group “Innate Immunity and Infection”

Invasion of an organism by a pathogenic virus is followed by a viral disease. Infectious 

virus particles attach to and enter susceptible cells. If we are attacked, the virus is rec-

ognized by highly specialized receptors, initiates the release of messengers and ac-

tivates the immune system. Some of these messengers are type I interferons (IFNs). 

IFNs form the first line of defence against viral infections. They protect cells against 

invading viral pathogens and inhibit the replication and spreading of these pathogens. 

However, many viruses have developed strategies to circumvent the type I IFN system 

to ensure their replication in the host. We discovered that in addition to the type I IFN 

system the interferon regulatory factor (IRF)-1 mediates an alternative intrinsic antiviral re-

sponse. Although both type I IFN and IRF-1 mediate their antiviral action by inducing overlapping subsets 

of IFN stimulated genes, the functional role of this alternative antiviral action of IRF-1 in the context of 

viral infections remains unknown.

-

-

-
not be controlled. 

Figure 1: 
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Figure 2:

Interferon regulatory factor-1 protects from fatal neurotropic infection 

with vesicular stomatitis virus by specific inhibition of viral replication in neurons. 10(3) 

-

-
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ANTITUBERCULOSIS COMPOUNDS WITH 
A NOVEL MODE OF ACTION

Tuberculosis (TB) remains a major global health problem that caused an estimated 

1.5 million deaths in 2013. The spread of drug-resistant TB additionally prioritizes 

the need for new drugs. In collaboration with Sanofi we showed that griselimycins 

are Streptomyces-derived lead compounds that exert potent activity against Myco-

bacterium tuberculosis, both in vitro and in vivo, by targeting the β-subunit of the 

DNA polymerase (also called sliding clamp or DnaN). We discovered that resistance 

to griselimycins is associated with amplification of the molecular target DnaN and con-

nected to severe fitness costs. Our results demonstrate that griselimycins have high trans-

lational potential for TB therapy, validate DnaN as an antimicrobial target and capture the process of 

antibiotic pressure-induced gene amplification.

drug-resistant 
of action and new therapy approaches with shortened treat-
ment periods are needed.

from 
tuberculosis  and  stud-

-

 

in 

-

smegmatis mutants selected -

chromosomal segment containing the dnaN -
 

selected 

resistant pathogen.

Prof. Rolf Müller, Head of the Department “Microbial Natural Products”

Figure 1: 

-
-
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Figure 3: -
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in silico substitutions are modeled as the most 

Targeting DnaN for tuberculosis 

therapy using novel griselimycins. 348
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FATTY ACID METABOLISM AND Th17 CELLS

Soraphen A, a specific Myxobacteria-derived natural compound, targets the cellular fatty 

acid metabolism and shifts mouse and human T cell development towards an anti-in-

flammatory phenotype. The value of this approach was confirmed in a preclinical ani-

mal model in which mice were protected against chronic inflammatory disease when 

treated with a pharmaceutically-optimized Soraphen A. The results of this work not 

only mark a significant conceptual advance in the field of immunology, but may also 

have an immediate therapeutic perspective for the treatment of various inflammatory 

diseases

Prof. Tim Sparwasser, Head of the Institute for Infection Immunology, TWINCORE

Figure 1: 
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tablished in a series of additional 

such as -

-
mune diseases.

De novo fatty acid synthesis controls the fate between regulatory T and T 

helper 17 cells.  20

-

-

cellular fatty acid metabolism by catalysing the rate-limiting 
step in the synthesis of long chain fatty acids which 

-
chondrial citrate-cycle towards  fatty acid synthesis. 
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HOST-DERIVED INHIBITION OF 
HEPATITIS C VIRUS REPLICATION

Infections with hepatitis C virus (HCV) are responsible for a major health burden world-

wide. In this study, we found that HCV infection causes the upregulation of the in-

terferon-stimulated gene encoding human cholesterol-25-hydroxylase (hCH25H) in 

primary human hepatocytes and chronic hepatitis C virus patients. 25-hydroxycho-

lesterol (25HC), the product of this enzyme, profoundly blocks HCV RNA replication 

by affecting the biogenesis of the membranous viral replication factory. Our results 

contribute to a better understanding of in vivo interferon-driven antiviral responses 

as well as of the effect of interferon  treatment.

-

-
-

-

-
-

-
-

-

-

PD Eike Steinmann, Head of the Research Group “Virus Transmission”, TWINCORE

Figure 1:
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Figure 2:

Interferon-inducible cholesterol-25-hydroxylase restricts hepatitis C virus replication through 

blockage of membranous web formation.  62

replication factory.
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QUORUM SENSING IN STREPTOCOCCUS MUTANS 
CONTROLS ANTIBIOTIC SYNTHESIS AND COMPETENCE  

Prof. Irene Wagner-Döbler, Head of the Research Group “Microbial Communication”

Streptococcus mutans (S. mutans) is a bacterium of human dental plaque that con-

tributes to caries development by forming thick biofilms and excreting organic ac-

ids. It uses two small signaling peptides for its cell-density dependent communica-

tion – a process that is called quorum sensing (QS). They control (1) the synthesis of 

peptide antibiotics that kill certain other bacteria of the dental plaque microbiome, 

and (2) the synthesis of a membrane apparatus for genetic competence, i.e. the ability 

to take up external DNA and integrate it into its own genome. It was unknown how the 

two QS systems are connected, and why under certain conditions genetically identical S. mu-

tans cells can split into a competent and a non-competent subpopulation.

-

-
-

called mutacins in 

-
-
-

-
netic integration of both signaling systems through the alter-

 increases 
-
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produced by all cells of -

Figure 1:
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tion is regulated posttranslationally through phosphorylation 
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petence is transcriptionally regulated through a two-stage 
signalling cascade. 
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strains showed that the modality of  determines the 
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Figure 2: -
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The Alternative Sigma Factor SigX Controls Bacteriocin Synthesis 

and Competence, the Two Quorum Sensing Regulated Traits in Streptococcus mutans.  11(7)
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UNRAVELING A NOVEL MECHANISM 
OF VIRAL ANTAGONISM 

Viral pathogens use a variety of different strategies to counteract the immune response. 

Frequently, they target the type I interferon system, which is a potent cellular defence 

program rapidly induced upon infection. Viruses counteract this host response by ex-

pressing virus-encoded antagonistic proteins. This sets the stage for a race between 

the infected cells, which immediately start their antiviral program, and the viruses, 

which initiate expression of encoded antagonistic proteins. 

To elucidate the dynamics of this process we designed a cellular system that allows 

these counteracting activities to be uncoupled. 

-

relying on natural infection processes in which induction of 

independently control these two counteracting processes. 

-

Prof. Dagmar Wirth, Head of the Research Group 

“Model Systems for Infection and Immunity”
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