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Background and Significance: Bioluminescence imaging has
changed daily practice in preclinical research of cancers and other
diseases in the last decades; however, it has been rarely applied in
preclinical research of Alzheimer’s disease (AD). In this report, we
demonstrated that bioluminescence imaging could be used to report
the levels of amyloid beta (Ab) species in vivo. We hypothesized that
AkaLumine, a newly discovered substrate for luciferase, could bind to
Ab aggregates and plaques. We further speculated that the Ab species
have the reservoir capacity to sequester and release AkaLumine to
control the bioluminescence intensity, which could be used to report
the levels of Abs. Our hypotheses have been validated via in vitro
tests, mimic phantom imaging, and in vivo imaging using transgenic
AD mice that were virally transduced with aka Luciferase (AkaLuc).
As expected, compared to the control group, we observed that the Ab
group showed lower bioluminescence intensity due to AkaLumine
sequestering at early time points, while higher intensity due to
AkaLumine releasing at later time points.

Conclusion: In summary, we demonstrated the feasibility of
bioluminescence imaging of Ab species in vivo. Our method
can be easily adapted by regular biology laboratories. We
believe that this method has the potential to change the daily
practice of preclinical AD research and will greatly assist AD
drug discovery and development.
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R01AG055413, and R21AG059134 awards (C.R.).

AkaLumine binds to Ab aggregates and plaques 

Validation of Ab aggregates as reservoirs to sequester and 
release AkaLumine in solutions 

Invivo two-photon microscopic fluorescence imaging and 
in vivo bioluminescence imaging with AkaLumine

Principle of bioluminescence imaging with amyloid reservoir 
(BLIAR)

N

O O
B

F F

N

N

S

N

O

OH

AkaLumine

CRANAD-2

500 550 600 650 700
0

500

1000

1500

2000

2500

Wavelength (nm)

Fl
uo

re
sc

en
t I

nt
en

si
ty

Akalumine 250nM

+Agg 2.5nM

+Agg 12.5nM

+Agg 25nM

+Agg 125nM
+Agg 1250nM

Kd = 37.85 nM
R2 = 0.985

0 250 500 750 1000 1250
0

100

200

300

400

Concentration (nM)

In
cr

ea
se

d 
Fl

uo
re

sc
en

t I
nt

en
si

ty

500 550 600 650 700
0

500

1000

1500

2000

2500

Wavelength (nm)

Fl
uo

re
sc

en
t I

nt
en

si
ty

Before spinning
After spinning

a b c

d e f

g

620 670 720 770 820 870
0

100

200

300

400

500

600

Wavelength (nm)

Fl
uo

re
sc

en
t I

nt
en

si
ty

CRANAD-2+Agg

CRANAD-2+Agg
+ AkaLumine

50 μm 50 μm 50 μm

6E10 AkaLumine Merge

AkaLumine

Light emission
and decay

Reacting & 
Washing-out

= Aβ aggregates, fibrils and plaques 

WT

AD-Tg

Reacting & 
Washing-out

Sequestering Releasing

Luciferase

Light emission
and decay

Sequestering Releasing

= Aβ aggregates

a

b

Early Time 
Points

Later Time 
Points

= AkaLumine = Luciferase

1440 min
(24 hour)

W
T/

ak
aL

uc
5x

FA
D/

ak
aL

uc

0 min.           15 min.         30 min.        60 min.       120 min.             1440 min.

a b

c

e f g

d

0 30 60 90 120
0

2×108

4×108

6×108

8×108

Time (min)

Bi
ol

um
in

es
ce

nc
e 

In
te

ns
ity

WT/AkaLuc
5xFAD/AkaLuc

240
480

720
960

1200
1440

0

2×107

4×107

6×107

Time (min)

Bi
olu

m
ine

sc
en

ce
 In

te
ns

ity

WT/AkaLuc
5xFAD/AkaLuc

0

4×105

8×105

1×106

Bi
ol

um
in

es
ce

nc
e 

In
te

ns
ity

WT
5xFAD

0

20

40

60

80

R
at

io
 (1

44
0m

in
/1

5m
in

)

WT
5xFAD

h

Invert point

**
***

50 μm50 μm


