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Enzymology of bacterial conjugation & bacteriophage &
plasmid replication

Two topics were pursued in recent years on both of which we continued working for more than
two decades. The work started in the former department of Heinz Schuster. Beside our primary
effort to unravel the enzymology of bacterial conjugation, bacteriophage and plasmid replica-
tion we have vigorously increased our input towards structural biology. Currently we collabo-
rate with two NMR groups and three crystallographer groups. Although these collaborations
adsorb a good deal of our working power the payback is reasonably good in terms of the number
of publications (1, 5, 8, 10, 17, 24, 28). Currently, the structure of KorB is being solved as a
DNA-protein complex to a resolution of 2 A. The protein is encoded by IncP plasmids exerting
dual roles as a ParB analogue and a global transcriptional repressor for replication, maintenance
and conjugative transfer genes. The preparation of a manuscript is in progress describing struc-
tural properties of a partitioning protein for the first time.

Horizontal gene transfer and type IV secretion

In the model system for bacterial conjugation, the broad host range P-type plasmids, we localised
the 12 plasmid-encoded components of the mating pair formation (Mpf) complex to the cell
envelope. Hence, the proteins seem to bridge inner and outer membrane in the Gram-negative
organism E. coli (22). Conjugative junctions were found in between cell envelopes of donor and
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T & S recipient in mating cells in analogy to the F-system
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: section of the 12 Mpf components that are essential
Figure 1: Maturation cascade of the RP4 pilin. TrbC, 145 P P

residues in length, is represented by a bar: Defined sections of fOIj the maturation P rOCess Of.the p re—P ilin. The. pﬂm’
TibC are marked: signal peptide (ved), core region (vellow), aribosome-synthesized protein, consists of a circular
trans-membrane helix (olive), carboxy-terminal end (light blue) - StTUCtUre that is formed after several proteolytic steps,
and tetra-peptide, the leaving group (blue). TraF is a RP4- in the last of which the circularization is catalysed by
encoded specialized protease that catalyses the circularization the formation of a new peptide bond. The catalysis is
of TrbC* by the formation of a new peptide bond between the - due to a novel mechanism exerted by an IncP-en-
N and C terminus. coded signal peptidase-like enzyme, that in principle
resembles the reverse reaction of proteolytic cleav-
age (Figure 1) (13, 14, 21, 30).
Pilus assembly and substrate secretion (Type IV secretion) are most likely energy consuming
processes as indicated by three potential NTP hydrolysing enzymes that are present among the
transfer components. In other words the proteins contain distinct motifs for interaction with
nucleotides. The prediction proved to be valid for at least one protein class, analogues of the
VirB11 protein family. These hexameric proteins (24, 25) associated with the cytoplasmic side
of the inner membrane (22), hydrolyse preferentially ATP (25). Structural analyses suggest that
they function as chaperons although the specific substrate remains to be discovered (5, 28). The
two other proteins, a VirB4-like protein and the potential DNA-transporter, a TraG-like protein,
also called coupling protein, bind NTPs but do not hydrolyse them (4, 6, 15, 23). Both proteins
may alter their conformation upon binding and release of NTPs, or they might hydrolyse NTPs
in the presence of other proteins. The challenge now is to continue and extend the dissection of
Mpf; to put the 12 component system together and define the role of each of the components in
form of a realistic model.

Our collaborative efforts also focussed on the discovery of new conjugative transfer systems
because it became clear that certain questions may only be solved by applying not only one
system but introducing new ones as well (7, 16, 18, 34). There is still no structure for a relaxase,
the key component in DNA processing. Thus we are looking for systems with smaller enzymes
since they may prove as better crystallisation substrates as the ones which have been tried
already.

Helicases, primases and protelomerases

Origin binding (17), DNA strand separation by replicative helicases (3, 8, 19, 27, 35) and the
telomere resolution reaction in the generation of linear genomes (2, 11, 12, 20) were our topics
in phage and plasmid replication. Since the replicative hexameric helicase of the broad host
range plasmid RSF1010 is the smallest known helicase that is independent of a helicase loader
and its structure is known we use the system for searching and assaying potential inhibitors of
the DNA strand separation activity (8, 19, 35). Enzymatic trials with a set of polyketide com-
pounds are in progress. The analysis of the structure-function relationship of the enzyme re-
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Figure 2: Scheme for N15 telomere resolution. The telomere resolution site telRL (black segment) is
recognized by TelN (red) sequence specifically. In a concerted action cleavage and covalent bond formation
vield hairpin ends on the linear DNA molecule.
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vealed that the extraordinary stability of the oligomeric subunit arrangement is due to an eye-
hook principle (8).

A fascinating topic in phage biology is the discovery of the enzyme involved in the generation of
linear DNA with covalently closed hairpin ends. This topic has a direct connection to the long
standing continuing interest in the transient formation of covalent protein-DNA linkages similar
to those we have described previously in relaxases. The enzyme processes a 56-bp palindrome
that might prove to contain a 14-bp stretch of Z-DNA (Figure 2) (2, 11, 20).

We look forward to collaborate with the Ultrastrukturnetzwerk (USN) to be set up at the Insti-
tute. The analysis of some of our structures by cryo electron microscopy is likely to yield addi-
tional conformations that may not be obtained by crystallization.

The group produced 35 peer-reviewed publications in the six-year evaluation period, six of
which are review articles (9, 13,27, 29, 31, 33). In addition, invitations to the major international
meetings in the field underline the creative scientific potential of the small group. The work was
sponsored by the Deutsche Forschungsgemeinschaft and by grants of the European Commis-

sion. We also have a close connection to a small innovative Biotech company.
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