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Development of Protein-based Molecular Probes for Oxygen Concentration
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We have developed genetically encoded FRET sensor for oxygen tension in the
cell. Sea lamprey hemoglobin (slHb) is primarily monomeric in oxy form, while slHb self-associates
to dimers upon deoxygenation. The oxygen dependent monomer-dimer transition of slHb was used for the

FRET sensor for the oxygen. For the detection of the oxygen concentration, the single cysteine
residues in the slHb were labeled by Alexa Fluor 488 or 594. Purified slHb with Alexa Fluor dyes
were mixed and measured the fluorescence spectra. There was no FRET in our system when the oxygen
pressure was 0.2 atm, while slHb with Alexa Fluor dyes exhibited FRET signal in a deoxygenated
condition. This result suggested that slHb system is suitable for the genetically encoded oxygen
sensor. Next, we examined a FRET measurement for slHb with fluorescent protein. However, the
expression of the fusion protein was difficult in E. coli. Further optimization will be necessary
for the genetically encoded FRET sensor protein.



Vivo

02, CO, NO

Fluorescence
Resonance Energy Transfer: FRET

slHb

N

e - . adr 15
\ Allosteric regulation N8 »
¥ Alexa 594 sea lamprey hemaoglobin
Oxy form Deoxy form
Monomer Dimer
.slHb
FRET

slHb

slHb
FRET
1
FRET
FRET
6
FRET
L7 T E =S OBEREE~100
slHb
slHb
slHb
FRET
slHb N
C
32 62
2 FRET

slHb



slHb
slHb

FRET
slHb
143
Alexa488
Alexa594 slHb
3
sIHb Alexa 594
.
sIHb Alexa 488 >y \
g
g o
i 3
/\
M~ j\/ \ /
i _ )
. ez 4 |
00 ' w 500 BT R
Wavelength / nm
.SIHb — Alexa488 slHb —
Alexa594
400 nm
slHb
Alexa488 Alexa594
slHb — Alexa488 slHb —
Alexab94
FRET
FRET
FRET
FRET
C143S
10
T30C
slHb T30C/C143S
Alexa488 Alexab94
slHb T30C/C143S —
Alexa488 slHb T30C/C143S — Alexa488
FRET
FRET sIHb
4
FRET
sIHb
slHb
slHb
FRET
sIHb

1
FRET 2
FRET sIHb
sIHb
CFP
YFP CFP -
sIlHb — Linker — slHb — YFP
50 FRET
Oxy form

Deoxy form

Intensity

|- 1 1 L 1
500 550 \ 600 6s5d 700
7’
Wavelength / nm ¥ -~ -

. slHb — Alexa488 slHb — Alexa594

T
400 450

FRET

520 nm
Alexa488
620 nm
Alexa594
Deoxy form
Alexa594
IPTG
4
7
slHDb
mCherry
eGFP mCherry — slHb
eGFP — slHb
mCherry —slHb  eGFP — slHb



FRET

slHb

6

(1) Ogura, M., Endo, R., lIshikawa, H.,
Takeda, Y., Uchida, T., lwai, K.,
Kobayashi, K. & Ishimori, K.
Redox-dependent Axial Ligand
Replacement and its Functional
Significance in Heme-bound Iron
Regulatory Proteins J. Inorg. Biochem.
(2018) 182, 238-248.

DO1:10.1016/j -jinorgbio.2018.01.007.

(2) Chang, S., Mizuno, M., Ishikawa, H. &
Mizutani Y. Tertiary Dynamics of Human
Adult Hemoglobin Fixed in R and T
Quaternary Structures Phys. Chem. Chen.
Phys. (2018) 20, 3363-3372.
DO1:10.1039/c7cp06287g.

(3) Otomo, A., Ishikawa, H., Mizuno, M.,
Kimura, T., Kubo, M., Shiro, Y., Aono,
S. & Mizutani, Y. A Study of the
Dynamics of the Heme Pocket and C-helix
in CooA upon CO Dissociation Using
Time-Resolved Visible and UV Resonance
Raman Spectroscopy J. Phys. Chem. B
(2016) 120, 7836-7843.
DO1:10.1021/acs.- jpch.6b05634.

(4) Kobayashi, K., Nakagaki, M., Ishikawa,
H., lwai, K., 0" Brian, M. R. &
Ishimori, K. Redox-Dependent Dynamics
in Heme-Bound Bacterial Iron Response
Regulator (Irr) Protein Biochemistry
(2016) 55, 4047-4054.
DO1:10.1021/acs.biochem.6b00512.

(5) Yamawaki, T., Ishikawa, H., Mizuno, M.,
Nakamura, H., Shiro, Y. & Mizutani, Y.
Regulatory Implications of Structural
Changes in Tyr201 of the Oxygen Sensor
Protein FixL Biochemistry (2016) 55,
4027-4035.
DO1:10.1021/acs.biochem.6b00405.

(6) Chang, S., Mizuno, M., Ishikawa, H. &

Mizutani, Y. Effect of the N-terminal
Residues on the Quaternary Dynamics of
Human Adult Hemoglobin Chem. Phys.
(2016) 469, 31-37.

DO1:10.1016/j -chemphys.2016.02.009

4
@
4
28 10 27 28 10
28
(2) Haruto  Ishikawa Protein-based
Molecular Probes for the Local
Concentrations of Oxygen and Heme
54 28
11 25 28 11 27

(3) Haruto Ishikawa Genetically Encoded
Fluorescent Oxygen Sensor  KAKENHI
International Symposium on* Studying
the Function of Soft Molecular
Systems” 29 6 26 29

6 28

(4) Haruto Ishikawa Protein Structural
Dynamics of  Hbl Revealed Dby
Time-resolved Resonance Raman
Spectroscopy KAIST Special Seminar

30 2 2 KAIST

http://www._chem.sci.osaka-u.ac.jp/lab/m
izutani/index-jp.-html

@
ISHIKAWA, Haruto



