
ferentiate precociously (1, 7). Conversely, 
cells with extra copies of hetR differentiate 
supernumerary heterocysts, whereas cells 
with extra copies of pats  cannot differenti- 
ate at all. The two proteins, HetR and PatS, 
therefore represent two sides of the coin, 
one positively encouraging differentiation 
and the other suppressing it. 

The HetR protein has remarkable proper- 
ties. If the NtcA control of hetR transcription 
is bypassed, by using the copper-regulated 
petE promoter (also used by Yoon and Gold- 
en to drive pats  expression), the resulting 
level of HetR can be so high that 30% of the 
cells differentiate, even in the presence of the 
usually inhibitory nitrate or ammonia (8). 
HetR can, therefore, drive differentiation 
even under normally repressing conditions. 
Second, there is a critical serine residue in 
HetR (7). When a strain carrying a Ser+Asn 
mutation. which does not differentiate. was 
forced td revert, five of five revertant; had 
the wild-type serine restored. Third, HetR 
appears to be a serine protease, capable of 
digesting itself, inhibited by DFP, and proba- 
bly phosphorylated on a serine (9). 

This information suggests a simple hy- 
pothesis: A PatS peptide cleavage product 
is an inhibitor of the HetR protease activity. 
Because both of the genes are expressed in 
developing heterocysts (compare figure 4 
of Yoon and Golden with the figure above), 
we need to explain how HetR is able to 
promote its own synthesis in the presence 
of PatS, which it is known to do (8). One 
possibility is that PatS is an inactive pre- 
cursor substrate for the HetR protease and 
that the active cleaved peptide, Arg-Gly- 
Ser-Gly-Arg, is released into the periplasm 
and transported to vegetative cells, where it 
is indeed active against HetR. All of the el- 
ements of this proposal are testable by us- 
ing recombinant HetR and synthetic pep- 
tides. Other models are equally plausible 
and testable in the same way. For example, 
HetR could cleave the PatS peptide to yield 
an inhibitor of PatA, a kinase required for 
HetR's positive activity (8, 10). 

The hetR gene has at least four promot- 
ers, several of which are activated after ni- 
trogen is decreased. None of these contains 
the canonical sequence to which NtcA 
binds, so there must be intermediate sig- 
naling molecules (protein kinases?) be- 
tween NtcA and hetR transcription; these 
could be targets of PatS control. It will of 
course be interesting to determine where 
the pats  transcript starts and what its pro- 
moter sequence looks like. HetR, directly 
or indirectly, promotes its own gene tran- 
scription in heterocysts and represses it in 
vegetative cells. These activities require 
phosphorylation, because they are affected 
by mutations in the kinase PatA (10). In a 
patA mutant, all but the terminal cells in 

the majority of filaments fail to activate 
transcription of the hetR gene. In the hetR 
Ser+Asn mutant, however, transcription 
of hetR increases in all the cells after nitro- 
gen has been reduced. We conclude that 
wild-type HetR has two activities: en- 
hancement of hetR transcription in hetero- 
cysts and repression of hetR transcription 
in vegetative cells. The first of these re- 
quires the PatA kinase, whereas the second 
does not. These considerations suggest an- 
other possible site of action of the PatS 
peptide: inhibition of the PatA kinase. 

No matter what mechanism is found to 
apply ultimately, the remarkable discovery 
of peptide control of differentiation in 

such a simple experimental system should 
lead to insights applicable to a wide range 
of more complex problems in eukaryotes. 
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