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Journal Righlights

Amino acid excretion from Euglena gracilis cells in dark and anaerobic

conditions

Yuko Tomita, Masahiro Takeya, Kengo Suzuki, Nobuko Nitta, Chieko Higuchi, Yuka
Marukawa-Hashimoto, Takashi Osanai

Algal Research 37, 169-177 (2019)

Euglena gracilis is a unicellular, eukaryotic alga, and is commercially used for production of food,
medication, cosmetics, and dietary supplements. The algal cells are known to produce wax ester and
succinate under dark and anaerobic conditions. In our study, we analysed a range of metabolites, and
observed the excretion of various amino acids by E. gracilis cells. Arginine, alanine, leucine, lysine,
and valine were excreted in amounts exceeding 30 mg/L into the culture medium upon anaerobic
incubation for three days. Furthermore, an increase in the concentration of (NH4)2HPO4 affected the
production of amino acids differently: those amino acids synthesized from glycolysis metabolites
decreased, whereas those synthesized from tricarboxylic acid cycle metabolites increased with an
increase in (NH4)2HPO4. Glutamate excretion was uniquely regulated by (NH4)2HPO4
concentration. Moreover, we found that the production of glutamate was regulated by the pH of the
culture medium, but not by nitrogen, phosphate, and salt concentrations. These results demonstrate
the ability of E. gracilis to synthesize various amino acids under dark and anaerobic conditions, and
contribute valuable information for the commercial and scientific applications of fermentation of
eukaryotic algae.
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Algal photoprotection is regulated by the E3 ligase CUL4-DDB1PET™!
Yusuke Aihara, Konomi Fujimura-Kamada, Tomohito Yamasaki, and Jun Minagawa
Nature Plants 5, 34-40 (2019) doi: 10.1038/s41477-018-0332-5

Light is essential for photosynthesis, but the amounts of light that exceed an organism's assimilation
capacity can cause serious damage. Photosynthetic organisms minimize such potential harm through
protection mechanisms collectively referred to as non-photochemical quenching. One mechanism of
non-photochemical quenching called energy-dependent quenching (gE quenching) is readily activated
under high-light conditions and dissipates excess energy as heat. LIGHT-HARVESTING COMPLEX
STRESS-RELATED PROTEINS 1 and 3 (LHCSR1 and LHCSR3) have been proposed to mediate gE
quenching in the green alga Chlamydomonas reinhardtii when grown under high-light conditions.
LHCSR3 induction requires a blue-light photoreceptor, PHOTOTROPIN (PHOT), although the signal
transduction pathway between PHOT and LHCSR3 is not yet clear. Here, we identify two phot
suppressor loci involved in qE quenching: de-etiolated 1 (detl) and damaged DNA-binding 1 (ddb1l).
Using a yeast two-hybrid analysis and an inhibitor assay, we determined that these two genetic
elements are part of a protein complex containing CULLIN 4 (CUL4). These findings suggest a
photoprotective role for the putative E3 ubiquitin ligase CUL4-DDBI1PE™ in unicellular
photosynthetic organisms that may mediate blue-light signals to LHCSR1 and LHCSR3 gene
expression.
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Citrate synthase from Synechocystis is a distinct class of bacterial
citrate synthase

Shoki Ito, Naoto Koyama, Takashi Osanai

Scientific Reports 9, Article number: 6038 (2019) doi: 10.1038/s41598-019-42659-z

Citrate synthase (CS, EC 2.3.3.1) catalyses the initial reaction of the tricarboxylic acid
(TCA) cycle. Although CSs from heterotrophic bacteria have been extensively studied,
cyanobacterial CSs are not well-understood. Cyanobacteria can produce various
metabolites from carbon dioxide. Synechocystis sp. PCC 6803 (Synechocystis 6803) is a
cyanobacterium used to synthesize metabolites through metabolic engineering techniques.
The production of acetyl-CoA-derived metabolites in Synechocystis 6803 has been
widely examined. However, the biochemical mechanisms of reactions involving acetyl-
CoA in Synechocystis 6803 are poorly understood. We characterised the CS from
Synechocystis 6803 (SyCS) and compared its characteristics with other bacterial CSs.
SyCS catalysed only the generation of citrate, and did not catalyse the cleavage of citrate.
It is suggested that SyCS is not related to the reductive TCA cycle. The substrate affinity
and turnover number of SyCS were lower than those of CSs from heterotrophic bacteria.
SyCS was activated by MgCl, and CaCl,, which inhibit various bacterial CSs. SyCS was
not inhibited by ATP and NADH; which are typical feedback inhibitors of other bacterial
CSs. SyCS was inhibited by phosphoenolpyruvate and activated by ADP, which has not
been reported for CSs from heterotrophic bacteria. Thus, SyCS showed unique
characteristics, particularly its sensitivity to effectors.
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Multicolor redox sensor proteins can visualize redox changes in
various compartments of the living cell.

Kazunori Sugiura, Hideaki Tanaka, Genji Kurisu, Ken-ichi Wakabayashi, Toru Hisabori
Biochim Biophys Acta Gen Subj. 1863, 1098-1107(2019)

doi: 10.1016/j.bbagen.2019.01.016.

Change in the intracellular redox state is a consequence of various metabolic reactions,
which simultaneously regulates various physiological phenomena in cells. Monitoring the
redox state in living cells is thus very important for understanding cellular physiology.
Various genetically encoded fluorescent redox sensors have therefore been developed.
Recently, we developed oxidation-sensitive fluorescent proteins named Oba-Q (Sugiura,
K., etal. (2015) Biochem. Biophys. Res. Commun. 457, 242-248), which exhibit dramatic
quenching under oxidizing conditions. To extend the range of uses of redox sensor
proteins, we refined these proteins based on the molecular architecture applied to Oba-Q,
and successfully produced several redox sensor proteins based on CFP and YFP.
Interestingly, some of these sensor proteins showed the reverse changes in emission
compared with Oba-Q, implying remarkable fluorescence quenching under reducing
conditions. We named this type of sensor protein Re-Q, reduction-sensed quenching
protein. The cause of the redox-dependent fluorescence quenching could be clearly
explained based on the crystal structure of Re-Q in the reduced and oxidized forms. In
addition, by introducing suitable mutations into the sensors, we produced Oba-Q and Re-
Q mutants exhibiting various midpoint redox potentials. This series of proteins can cover
a wide range of redox potentials in the cell, so they should be applicable to various cells
and even intracellular organelles. As an example, we successfully measured the redox
responses in different cell compartments of cultured mammalian cells simultaneously
against the anticancer reagents Kp372-1.

L)

RIS BT 2 BB TR BE D AL 1T BT O HIl I CIEMERR B FE (ROS) DR ESE, FEWIC
HHER T TN ERoTNBI RO TS, L2 > TN OERLIETTIRRED 7]
AT AE M OEFE MRS 2 BT 2 L ClRO CTHAATHDI EEZ DN TEY, #Ey v
NIB IR LUTETCINE Y NI B o —DE M ThITE -, L LE{kiET
FOSI T OB NEBEICE TR > TR Z 25601 E L, BLRITEM DR 58D ¥
URTBR Y —NUEE D%, FROBRETIGEE NS X T EE o — OB
e SN TS, AT N—TTIIT T s /37 E CFP 2 HUZ, fkahd 2 & TH
W 2HHE N L R B —0baQ ZBFE LHRE L CT&7- (Sugiura, K., et al.
(2015) Biochem. Biophys. Res. Commun. 457, 242-248) , 4], #Ex 78BN LAk~
TR LR ICEN A FF o Tt R o —DIERRICEEI T 5 & & $1Z, Oba—Q &ITMIZEILS
DL THETDHHENS RV EE Y —Re-Q ZBFKT HZ LIZHAH LT, Re—Q D
O ETEND A B = X AIZONTIE, BRI LB TR D Re-Q OfE S EMRNT 2 Lhi 9
52 LT, ReQ DEEM T CEILEMHETEID L 10 fFRWVENRE TRAET DA D= A
RO LT, BIZ, EEOBWME CRLETRELE=4% —F 2ERHITV, HUEH
Kp372-1 12kt 2B LTI B 2 BT 2 Z LITbRP LTz,

-12 -



Increased polyhydroxybutyrate levels by ntcA overexpression in
Synechocystis sp. PCC 6803
Satomi Arisaka, Nodoka Terahara, Akira Oikawa, Takashi Osanai

Algal Research 41, August 2019, 101565

Synechocystis sp. PCC 6803, a unicellular cyanobacterial species, changes intracellular
nitrogen and carbon metabolism through the transcription factor NtcA in response to
nitrogen deficiency. In this study, the change in metabolites in carbon storages and the
related metabolites after nitrogen depletion was analysed using ntcA-overexpressing
strain. Levels of polyhydroxybutyrate (PHB), a biodegradable polyester, increased in the
ntcA-overexpressing strain after nitrogen depletion. Capillary electrophoresis-mass
spectrometry (CE-MS) analysis revealed that the levels of fumarate and malate increased
and phosphoenolpyruvate, isocitrate, 2-oxoglutarate, succinate, phosphorylated
monosaccharides and dihydroxyacetone phosphate decreased by ntcA overexpression.
Respiratory activity decreased by ntcA overexpression, possibly resulted from the
alteration of carbon metabolism and perturbation of redox balance. These results have
revealed that NtcA is involved in the re-distribution of intracellular carbon sources to
PHB and organic acids in the tricarboxylic acid cycle in this cyanobacterium.
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