
Supplementary Text S2: Differences in function for other

BBHs

Madan Babu & Teichmann (1) propose that the sensing capabilities of crp and fnr (for cAMP and
oxygen, respectively) have been conserved since the divergence of the prokaryotes. Lozada-Chavez
and colleagues (2) also suggest that crp and fnr have “highly conserved regulons.” However, crp and
fnr belong to a large family of transcription factors that respond to a variety of signals. In the case of
crp, cAMP sensing has only been documented for a subfamily that is restricted to E. coli and other
γ-Proteobacteria (3), and the BBH of crp in the cyanobacterium Synechococcus elongatus is ntcA
(NTCA SYNP7), which regulates nitrogen assimilation (not carbon source utilization) and binds 2-
oxoglutarate (not cAMP) (4). For fnr, we note that its BBH in the α-Proteobacterium Caulobacter

cresentus CB15 is CC0752 (fixK). Whereas fnr responds to O2 levels directly and upregulates genes
that are required for anaerobic growth, fixK responds to O2 levels indirectly, via the two-component
system fixLJ, and upregulates high-affinity oxidases (5). Finally, the suggestion that the crp/fnr
family is present in Archaea has been disputed, because key functional residues are not conserved in
the putative family members (3). Consistent with this, the 26 sequenced Archaea in MicrobesOnline
(6) do not contain any genes assigned to COG664, which contains crp, fnr, and fixK.

Madan Babu & Teichmann (1) suggest that lrp is an ancient regulatory hub. In E. coli, lrp is
a global regulator that responds to leucine levels. The BBH in B. subtilis is azlB, which regu-
lates the transport of branched-chain amino acids (7). azlB and the adjacent gene azlC, which
encodes a transporter that is regulated by azlB, have undergone repeated HGT together (their
closest relatives are from several different divisions, with the genes adjacent). Thus, azlB probably
has a specific function relating to azlC. Also, azlB is less closely related to lrp than it is to some
γ-Proteobacterial paralogs of lrp, such as tinR from Salmonella enterica Choleraesuis and bkdR
from Pseudomonas putida (data not shown). Furthermore, lrp’s role as a global regulator is not
conserved in Haemophilus influenzae (8), which is much more closely related to E. coli than B.

subtilis, and other characterized members of the lrp family are not global regulators (9). Overall, it
seems unlikely that lrp was a global regulator in ancestral bacteria or archaea.

Another example highlighted by (1) is a feed-forward circuit of the global regulator fnr, the re-
sponse regulator narL, and NADH dehydrogenase component nuoN, in which fnr regulates narL
and both fnr and narL regulate nuoN. They propose that this entire regulatory system, which has
been characterized in E. coli, is present in distantly related organisms such as the α-Proteobacterium
Rhodospeudomonas palustris, even though it is absent from most organisms of intermediate relat-
edness. E. coli narL responds to nitrate and nitrite via the response regulators narQ and narX,
and they predict that narL is orthologous to R. palustris genbank index 22963462 (or NP 946837).
This gene appears to be in an operon (10) with a bacteriophytochrome (a light-sensing histidine
kinase, COG4251). As histidine kinases are very often adjacent to or cotranscribed with the re-
sponse regulators that they control (e.g., data of (11)), and because a histidine kinase and response
regulator are unlikely to be adjacent by chance, R. palustris ”narL”probably responds to light rather
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than nitrate levels. In support of this view, most of the close relatives of NP 946837 are adjacent
to histidine kinases (not necessarily phytochrome-containing). Also, NP 946837 is phylogenetically
more closely related to B. subtilis ydfI than to E. coli narL or to narL’s paralog narP (data not
shown). ydfI is regulated by an adjacent histidine kinase and in turn regulates transcription of ydfJ,
but its biological role is not known (12). In any case, it seems unlikely that R. palustris NP 946837
responds to nitrate levels or regulates nuoN.
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