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Construction of photosynthetic zebrafish

Shimada, Yasuhito
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One species of salamander takes in neighboring algae at the time of
fertilization of eggs, and the symbiotic algae provide energy to the salamander itself through
photosynthesis after growth. We investigated whether it is possible to do the same thing
artificially using fertilized zebrafish eggs.

First, we constructed a genetically modified zebrafish that constantly expresses the FRET protein
ATeam, which changes its fluorescence in response to the amount of intracellular ATP. Intravascular
transplantation of specific cyanobacteria into the ATeam zebrafish resulted in a detectable increase

in the amount of ATP in the body for one week. As a further long-term symbiosis model,
cyanobacteria were successfully established as intestinal microflora.



ATP

Ambystoma maculatum

Graham et al., J Exp Biol 2013;216:452-459

ATP

1

SN TEAEA LKAHTE B
FESY (Fo>av9A) KEETS

Ec
Y ’-;‘

AIMIC

Graham et al., ) Exp Biol 2013

fEhunh?

2013 1

Y7574y at’RERBAKRATPEFIBETETLSH?

¥7774 v 2ZWIBICKERME T/ NITVT)
EEALIE A, HEREH AL

RENS T/ 9TV T

1. ATeam
ATP
ATP ATeam
ATeam  FRET ATP ATP
Imamura et al., Proc Natl Acad Sci U S A. 2009;106:15651-15656
37 28
ATeam B
tol2
2. ATP
ATerm Synechocystis sp. PCC6803
PCC6803-GT ATeam
ATeam  FRET
1: 438/24-25 483/32-25
2: 438/24-25 542/27-25
ATP 1 2 ImageJ

FRET and Colocalization Analyzer
2006;69:941-956

Hachet-Haas et al., Microsc Res Tech.
ImageJ FRET



K2 ATeam&EB¥ 73574 v a1nE&ER

FRET analyzer Green color Threshold >30

BERIHNSATP

3.
1. ATeam
ATeam FO F1
GFP ATP
ATeam
Imamura et al., Proc Natl Acad Sci U S A. 2009;106:15651-15656 2-Deoxy-D-
glucose (2-DG) KCN ATP
NaN3 3 ATerm
20 2-DG  KCN
ATP ATP 2-DG  KCN
ATP
NaN3 150 u M ATP

3 ATeamHBRY¥ 775374 v 2Dl

Control

2-DG (10 mM) + KCN (1 mM) NaN3 (150 pMm)

2. ATP
48 ATeam
FRET ATP
Synechocystis sp. PCC6803 Synechocystis sp. PCC6803-
GT 3 PCC6803  PCC6803-GT
5 2
PCC6803
ATP PCC6803
ATP PCC6803-GT

ATP



K4 ATermERET 5374 v aldANDYT /N0 TY) THiE

Control PCC6803 PCC6803-GT

Day 0

Day 5

B5 ¥75749v alfADSTI/NITITEDOEL E6 7574 v¥adNATPEDEIL

o 20
- PCC
6 e e -e- Control
o -2 PCC-GT T 154
= _Q -2 PCC
o 4 £ —+ PCC-GT
< O 104
[e} o
s | e}
@ 27 9 5-
& ®
(14
0- T T T 04 T T T
0 3 6 9 3 6 9
Days Days
3.
Synechocystis sp. PCC6803
5
2 ATeam 1 PC6803
PC6803-GT 20 FRET ATP
20 ATP
PCC6803-GT
PCC6803
K7 BRAHEBELLTOCT/NITIVTFREEYZ 7724y
Control PCC6803 PCC6803-GT

Day 20




(Imamura Hiromi)

(20422545) (14301)
(Nakayama Hiroko)

(20831085) (14101)
(Katoh Hiroshi)

(30378327) (14101)




