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Studies on the Flavin-binding Domains of a Blue-light
Photoreceptor,photoactivated Adenylyl Cyclase(PAC),in

Euglena gracilis
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Photoactivated adenylyl cyclase (PAC) is a recently discovered blue-light photoreceptor
that mediates photomovement in Euglena gracilis (Iseki et al., 2002, Nature, 415,
1047-1051). PAC shows adenylyl cyclase activity, i.e. synthesis of cAMP, which is
activated by irradiation of UV-A and blue-light, and is responsible for photocontrol of
ﬂlagelfar movement. This unique character attracts my special interests in its molecular
mechanism. PAC appears to be a heterotetramer composed of subunits (PACa and
PACB, each with a pair of homologous two FAD-binding regions (F1 and F2) which
show homology with prokaryotic “sensors of blue-light using FAD” (BLUF) domains.
Since the F1 and lF2 of PAC are putative blue-light sensing domains, they should play
important roles in the photoactivation of PAC via some interaction of its catalytic
domains (C1 and C2). Therefore their characterization must throw “light” on the
mechanism of PAC’s photoctivation. Moreover, they are the only eukaryotic BLUF
domains thus far found except for the very recently found one in a fungus, Ustilago,
whereas many prokaryotic ones have been known. Whereas the initial characterization
of PAC has been done only on native samples, ie. the whole molecule as ouf,
heterotetramer as biochemically purified from Euglena cells, this study has employed
its heterorogously expressed BLUF domains, to clarify the mechanism of the activation
of PAC.

I obtained soluble recombinant F1 and F2 proteins in PAC by heterologous expression
with fused glutathione-S-transferase (GST) using Escherichia coli (E. coli) expression

system. The expressed F2 samples contained oxidized-flavins, FAD and FMN with trace
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amounts of riboflavin, whereas the expressed F1 samples did not bind flavins. The
assembly of the histidine-tagged recombinant F2 from inclusion bodies in E. coli also
gave the soluble F2 binding exogenous oxidized-FAD or -FMN. These suggested that
PACoF2 and PACBF2 can bind not only FAD but also another .ﬂavins, although they are
putative FAD-binding domains in native PACs. These F2 samples displayed
blue-light-induced photocycles (transient red-shifts in absorption spectra), which were
essentially similar to those reported for prokaryotic BLUF domains. The photocycles of
the recombinant PACaF2 samples had ca. 20-30 times higher sensitivity than those of
PACRF2 samples, based on threshold values of their photon-fluence response curves.
This suggests that PACaF2 and PACBF2 may have different roles in terms of light
sensitivity in photosensing in PAC. The FAD- or FMN-assembled 6His-PACoF2
exhibited nearly the same photocycles, suggesting that the adenine-ring of FAD does
not have important roles in it. The estimated quantum efficiency for the
phototransformation was 0.28-0.32, and the half-life in dark-relaxation was 34-44 s at
25 °C for the recombinant PACo F2, whereas those for the recomioinant PACBF2 were
0.058-0.084 and 3.4-4.8 s, respectively. These half-life values are still closer to that of
cyanobacterial BLUF domains than that of purple bacterial one. Such relatively short
recovery times of PACoF2 and PACBF2 may be needed for maintenance of the
photomovement responses. The mutated recombinant Y472F and Q514G of PACa F2
and the F2 domain of the PACa homologue from Eutreptiella gymnastica which lacks

the GIn residue conserved in other BLUF domains showed no photoinduced

transformation. This shows that F2 has the same protein structure based on its
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spectrophotometric characterization as prokaryotic BLUF domains.

Hence [ succeeded in preparing the soluble recombinant F1 and F2 samples by
combination of heterologous expression with fused GST using E. coli expressioﬁ system
and biochemical assemblage of His-tagged F2 with exogenous flavins. I found that the
latter could bind not only FAD but also another flavins. The recombinant PACoF2 and
PACPBF2 samples showed the essen;tially same spectrophotometric characterization as
those of prokaryotic BLUF domains. Their half-life values were closer to that of
cyanobacterial BLUF domains [Slr1694 (~11 s) and T1l0078 (~3.5 s)], rather than that
of the purple bacterial BLUF domain [AppA (600 s)]. These are the first
spectrophotometric characterization of the eukaryotic BLUF domains and have
provided sound basis for further understanding of its interaction with the PAC catalytic
domains. And also, this information will be helpful in characterization of another
eukaryotic BLUF domain. Moreover, the recombinant PACaF2 and PACBF2 samples
showed the blue-light-induced photocycles with different sensitivities, quantum
efficiencies and half-life values in dark-relaxation, indicating that different functions of

PACo and PACB in the activation of PAC.

—316—




GRNEBEHER)

HEES N/ BRSO TEMEMIGEES R LS OB T FoIEY 7 5—F (PAC)
DEBNEESHEBRBATHE TV IEEERAN O] EETAET 108 HEOHILTH S,
PACWEI FULYONEBEERIGEZF DL~ ERKERN L —RFTHY ., AR ITZD
HACEREL & RISERERAICHEN U EREORREZ EEDbDOTH S, PACIE e &L 8D
2EEOYT Iy M ERD. FNFNNT TE A RAAL V(F) EBREME R AL (O3S
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