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DGZ-Preisträger 2005

Ubiquitin-related modifier SUMO

Anlässlich des 30-jährigen Jubiläums der DGZ wurde Prof. Dr. Werner W. Franke vom Prä-
sidenten Prof. Manfred Schliwa mit der Ehrenmitgliedschaft „überrascht“ und seine Ver-
dienste für die Entwicklung der Zellbiologie und der DGZ geehrt. Werner W. Franke war im
Jahre 1975 Gründungsmitglied und diente der Gesellschaft von 1975 bis 1977 als
Geschäftsführer, danach mehrere Jahre als Beirat und schließlich von 1999 bis 2001 als Prä-
sident.

Ehrenmitgliedschaft

Research in our group centers around posttransla-
tional modification with small ubiquitin-related
proteins of the SUMO family. SUMO proteins are
ubiquitously expressed in eukaryotic cells, and are
essential for life. They are reversibly coupled to a
large number of cellular targets, and thereby
modulate protein/protein or protein/DNA interac-
tions, alter intracellular localization, or protect
from ubiquitin mediated degradation. Most of the
known targets for sumoylation can be associated
with a few specific pathways: signal transduction,
transcription, chromatin remodelling, DNA repair,
mitosis, viral infection, and nucleocytoplasmic
trafficking. 
As often in science, serendipity played a major role
in our discovery of SUMO as a posttranslational
modifier. We and others who studied the Ran
GTPase activating protein RanGAP1, a protein
involved in nucleocytoplasmic transport and mit-
osis, noticed that RanGAP1 carries a posttransla-
tional modification that gives rise to a 20 kD chan-
ge in mobility. When following up on this observa-
tion, we identified an at that time unknown 10 kD
protein as a covalent binding partner for RanGAP1.
This protein, dubbed SUMO-1 by us, or GMP1, sen-
trin, Pic1, Ubl1 or Smt3 by others, is only 18%
identical to ubiquitin, but resembles it in three-
dimensional structure. As it quickly turned out,
SUMO resembles ubiquitin also in the mechanism
and nature of its attachment to other proteins.
ATP-dependent modification results in isopeptide

bond formation between the Carboxy-terminus of
SUMO-1 and the e-amino group of a specific lysi-
ne residue in its targets, and SUMO conjugating
enzymes resemble their ubiquitin enzyme relati-
ves. However, the molecular consequences of
sumoylation are quite distinct to that of ubiquiti-
nation, and are specific for any given target. Whi-
le some proteins including RanGAP1 gain novel
binding partners upon modification, others loose
their specific interactions when attached to
SUMO. In that sense, posttranslational modifica-
tion with SUMO resembles phosphorylation more
than ubiquitination. 
Since our initial description of SUMO as a modifier
of RanGAP1, more than 100 SUMO targets were
identified worldwide.  Examples are yeast septins,
the tumor supressor p53, IkBa, topoisomerases,
MAP kinase kinase 1, PCNA and histone deacety-
lases. While some targets including RanGAP1 are
modified constitutively, others require cues such
as heat shock, DNA damage, or a specific time in
the cell cycle. Consequently, one of the most exci-
ting questions in the field is the mechanism and
target specific regulation of SUMOylation. Early
studies demonstrated that SUMO attachment can
be accomplished by just two enzymes, the E1 acti-
vating enzyme Aos1/uba2 and the E2 conjugating
enzyme Ubc9. This is due to the unique feature of
Ubc9 to efficiently bind to - and modify - certain
substrates including RanGAP1. However, most
SUMO targets seem to require E3 ligases for effi-

cient modification in vivo. Their existence has been
unclear until 2001 / 2002, when several groups
reported that PIAS proteins (Protein inhibitors of
activated STAT) function as E3 ligases. At the same
time, we discovered that the nuclear pore complex
protein RanBP2 functions as a SUMO1 E3 ligase
for selected targets in vitro. Our findings place
SUMOylation at the cytoplasmic filaments of the
NPC and suggest that, at least for some targets,
modification and nuclear import are linked events.
The catalytic domain of RanBP2 is unique in that
it does not resemble RING- or HECT-type enzymes
and that it exerts its catalytic effect by altering
Ubc9's properties rather than by mediating target
interactions. Yet another unrelated E3 ligase that
was described most recently is the polycomb pro-
tein Pc2 - it's mode of function remains to be reve-
aled. If one considers the large number of SUMO
targets and the divergence of known SUMO E3
ligases, it seems likely that many additional enzy-
mes or cofactors are out there to be discovered. 
Current projects in our group aim to understand
mechanism, regulation and function of SUMOyla-
tion. We study enzymes in the pathway, charact-
erize several novel target proteins, and investigate
non-covalent SUMO interactors. Other projects
focus on the connection between SUMOylation
and nucleocytoplasmic transport, the function and
regulation of the SUMO target RanGAP1 in nucle-
ar import and mitosis, and crosstalk between
SUMO- and ubiquitin-conjugation.
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