
66

Introduction

In July 2006 the Helmholtz Young Investigator 
Group “Posttranscriptional Control of Gene 
Expression” was established at the DKFZ. Our 
aim is to understand how the expression of 
genes is regulated at the posttranscriptional level 
by mechanisms which control the translation ef-
ficiency and degradation rate of the mRNA. We 
focus on a group of unstable mRNAs containing 
AU-rich elements and investigate RNA-binding 
proteins that regulate the stability of these mR-
NAs. In addition we study how mRNA translation 
and degradation are coordinated by the seques-
tration of mRNAs in cytoplasmic processing 
bodies. We use genetic, biochemical, and cell 
biology approaches to examine these processes 
in macrophages and other mammalian cell lines.

Regulation of mRNA decay mediated by 
AU-rich elements
H. Sandler

The expression of several cytokines in the im-
mune system is under control of the RNA-binding 
protein TTP. TTP binds to an AU-rich element 
(ARE) located in many cytokine mRNAs and in-
duces rapid degradation of the mRNA (Fig. 1). 
Stimulation of immune cells causes activation 
of the p38-MAPK – MK2 cascade, which is re-
quired for stabilization of ARE-containing mRNAs. 
Our previous work has shown that TTP is an im-
portant target of MK2. Phosphorylation of TTP 
at serine 52 and 178 leads to binding of 14-3-3 
adaptor proteins and reduces the activity of TTP. 
As a consequence, cytokine mRNAs are stabi-
lized and cytokines are efficiently produced. The 
phosphatase PP2A acts as an antagonist of MK2 
by dephosphorylating TTP, which causes degra-
dation of cytokine mRNAs and inhibits cytokine 
production.
Our current goal is to purify proteins which interact 
with TTP in a phosphorylation-dependent man-
ner. We have generated stable Hela cell lines ex-
pressing tetracycline-inducible TAP-tagged TTP. 
One line expresses wild-type TTP, and a second 
line expresses the non-phosphorylatable mutant 
TTP-AA. This mutant is constitutively active as it 
cannot be inhibited by MK2. We are now in the 
process of purifying proteins associated with both 
forms of TTP.
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Genomic screen for mRNA decay factors 
in Drosophila cells
M. Spasic

In order to identify novel factors that are required 
for ARE-mediated mRNA decay, we are set-
ting up a genome-wide screen using cultured 
Drosophila cells. To this end we have generated 
firefly luciferase reporter constructs. Introduction 
of the ARE from mouse interleukin-3 leads to a 
6-10 fold reduction in luciferase expression. By 
knocking down Tis11, the Drosophila ortholog of 
TTP, expression of the luciferase-ARE reporter is 
restored to 80% of the level observed in the ab-
sence of the ARE. This indicates that the mech-
anism of ARE-mediated mRNA decay is well 
conserved in Drosophila cells. Our current work 
focuses on optimizing the reporter system. The 
genome-wide screen will be conducted in collab-
oration with M. Boutros (DKFZ) using a library of 
14’000 dsRNAs.

Control of mRNA translation and decay in 
processing bodies
S. Özgür

The yeast protein Pat1 acts both as an inhibitor of 
translation and an activator of mRNA decapping. 
By homology searches we have identified a pos-
sible ortholog of Pat1 in humans. The putative hu-
man (h)Pat1 ortholog localizes in processing bod-
ies (Fig. 2). Processing bodies are cytoplasmic 
foci which contain mRNAs that are translationally 
silenced and subject to degradation. In agree-
ment with its localization, we found that hPat1 
interacts with various proteins known to reside 
in processing bodies including the helicase Rck, 
the activator of decapping Helds, the exoribonu-
clease Xrn1, and the scaffold protein Lsm1. We 
are currently investigating whether hPat1 serves 
as a regulator of translation and/or mRNA decay 
in human cells.

Fig. 1: Regulation of cytokine mRNA decay by TTP. In the unphosphorylated state, TTP binds to the ARE and promotes rapid 
degradation of cytokine mRNAs. Immune cell activation causes phosphorylation of TTP by MK2. As a consequence, 14-3-3 
adaptor proteins bind to TTP, which leads to stabilization of the ARE-containing cytokine mRNA and efficient cytokine production. 
The phosphatase PP2A acts as an antagonist of MK2 by dephosphorylating TTP and activating mRNA decay.

Fig. 2: Human Pat1 localizes to processing bodies. COS7 cells were transiently transfected with HA-tagged human Pat1, fixed 
and processed for immunofluorescence microscopy. Pat1 was stained in green with anti-HA antibody, and processing-bodies 
were counterstained in red with an antibody against the decapping enhancer Hedls. DNA was stained in blue with Hoechst dye. 
Arrowheads indicate processing-bodies, the scale bar is 10 µm.
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Collaborations
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