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Figure 1. The working mechanism of Kdp system in Staphylococcus aureus. The Kdp system is an inducible
potassium uptake system™! and its expression is controlled by the KdpD/KdpE two-component system. The
histidine kinase KdpD is a c-di-AMP receptor, which functions together with its response regulator KdpE to
activate the expression of the transporter complex KdpFABC. KdpA is a membrane component, that forms the core
component of potassium channel. KdpB provides the energy required for the potassium transport by binding and
hydrolyzing ATP. KdpC increases the affinity of KtrB for ATP. KdpF contains a single transmembrane domain and
to enhance stability of the Kdp complex*®).
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Figure 2.

c-di-AMP binds with several K* uptake transporters. A: c-di-AMP can bind with the RCK_C domain of

KtrA; B: c-di-AMP can also bind with the RCK_C domain of CpaA; C: Similarly, c-di-AMP also binds with TrkA.
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Figure 3. ydoO riboswitch control K* transport genes in a wide variety of bacteria®. In the graph, we show
several typical examples to illustrate the districution of ydoO in Firmicutes, Proteobacteria and Verrucomicrobia.
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Figure 4. c-di-AMP regulates potassium ion transport in bacteria. A: when the intracellular c-di-AMP concentration
is low, ydaO is in an open state, causing the nominal transcription of downstream gene to produce active K"
transporter; B: when the intracellular c-di-AMP level is high, ydaO binds with c-di-AMP to form a terminator,

leading to transcriptional termination.
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Second messenger c-di-AMP regulates potassium ion transport
in bacteria

Xia Cai, Jin He"

State Key Laboratory of Agricultural Microbiology, College of Life Science and Technology, Huazhong Agricultural University,
Wuhan 430070, Hubei Province, China

Abstract: Potassium ion (K%) is a ubiquitous monovalent cation necessary for all living cells. To maintain
homeostatic intracellular K* concentration, most prokaryotes possess several unique K" uptake systems to transport
K*. A newly found second messenger—cyclic diadenosine monophosphate (c-di-AMP), plays an important role in
regulating K™ transport by binding to several K* transport-related proteins, such as KdpD, KtrA and TrkA. When the
intracellular c-di-AMP concentration is high, c-di-AMP can bind its receptor or effector proteins to inhibit
transporter activity. In addition, riboswitch could also be targeted by c-di-AMP to control the transcription of
downstream K* transporter genes, including ktr, trk and kdp operon and kup gene. High intracellular c-di-AMP
concentration depresses bacterial K* uptake. Therefore, understanding the mechanism of K* transport inhibition by
c-di-AMP not only enriches the regulation mode of the K* transport, but also sparkle new ideas for the control and
applications of bacteria.

Keywords: c-di-AMP, K* transport systems, K* uptake, receptor/effector, riboswitch
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