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Identification of the pathological metabolites of peroxisome biogenesis disorder
using disease models
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Symptoms of peroxisome biogenesis disorders (PBD) can be caused by changes
in unidentified peroxisomal metabolites and subsequently impaired gene expressions. To explore the
mechanisms of PBD pathogenesis, disease model zebrafish and cell lines were used. Experiments with
PBD model fish have identified fatty acid species and genes that were specifically affected in PBD.
Furthermore, experiments with a PBD model cell line revealed that peroxisomal mosaicism, which is
often seen in patients with mild PBD, is caused by cyclical peroxisome biogenesis and degradation.
From this research project, part of the pathogenesis of PBD has elucidated.

PEX
HEK293



(Peroxisome biogenesis disorders, PBD)

PEX
1
22
(DHA)
PBD
PBD
pex2
HEK293
PBD
PEX3
LC-MS
PBD
pex2
iz

FEFIAEF2—T)

TR

pex2ZERIK

PEX

PEX3

pex2

AR
F-70FY

PEX3

PBD

PBD

1. pex2

() (

)




pex2
pex2 2 pex2
. Crystallins
-43 o 17 Parvalbumins 45 0 45
i
- - — i
log, value Mutant Wild-type Gene- log, value Mutant ild-type
Probe 1 2 3 4 1 2 3 4 symbolFold change Cug{,""fgs i 2 2 4 1 2 3 4 Ge:;;%’gbd Fold ;’Bagge
CUST_44804 pvalb5  -11.70 CUST 566 crygm4 -11.42
CUST_47030 pvalb3 -9.67 CUST_45174 [ | — crygm3 -10.99
CUST_55073 pralby 545 GiST-H83%3 = SBean  Boa
CUST_21835 pvalb7 -4.98 CUST_21901 crygst -;gg
CUST_46312 pvalb4 -2.98 CUST_1268 crygst -7.
CUST_49048 pvab7 297 CuST-3at0] iy Sonpe 134
CUST_6580 pvalb3  -2.94 CUST_10168| crybb1l1 -g_ig
CUST 26902 pvalb1 -2.03 CUST_45022 crygm5 -B.
= CUST_4 L1 2d15  -6.22
CUST 55540 prabe 128 GuST-dores = omea® 2%
CUST_49381 pvalb2  1.33 CUST_45854; crybgx -5.89
CUST 26903 pvalb6  1.37 Sus1-geod ol 2%
) o ) ) A CUST—45201 cyBbiIz 5.06
Moderated t-test with Benjamini-Hochberg multiple-testing correction (p<0.05). CUST_45778| [ crygs3 -4.83
CUST~39024l [ cryba2b -4.68
2.
pex2
pex2
pex2 pex2
CRISPR/Cas9 PEX3 null
hypomorph

3.
(mCherry-SKL)




LC-MS

=R I—-FILYVEE

ppm in total fatty acids
ppm in total fatty acids

3000
2500
2000
I o
1500
1000 I 0 I
s00 = 1 I
[ :
0

C26:0 C28:0 C30:0 C32:0 EPL-16:0 EPL-18:0 EPL-18:1
= #10 Peroxisome + #10 Peroxisome — u #10 Peroxisome + ®#10 Peroxisome -
4.
LC-MS

5
1. Hiroki Kawai, Shigeo Takashima, Akiko Ohba, Kayoko Toyoshi, Kazuo Kubota, Hidenori Ohnishi, Nobuyuki

Shimozawa. Development of a system adapted for the diagnosis and evaluation of peroxisomal disorders by measuring
bile acid intermediates. Brain & development 45(1) 58-69 Jan. 2023. DOI: 10.1016/].braindev.2022.10.001

2. Shigeo Takashima, Haruka Fujita, Kayoko Toyoshi, Akiko Ohba, Yoko Hirata, Nobuyuki Shimozawa, Kentaro Oh-
Hashi. Hypomorphic mutation of PEX3 with peroxisomal mosaicism reveals the oscillating nature of peroxisome
biogenesis coupled with differential metabolic activities. Molecular genetics and metabolism 137(1-2) 68-80 2022. DOI:
10.1016/j.ymgme.2022.07.008

3. Shigeo Takashima, Shoko Takemoto, Kayoko Toyoshi, Akiko Ohba, Nobuyuki Shimozawa. Zebrafish model of human
Zellweger syndrome reveal's organ-specific accumulation of distinct fatty acid species and widespread gene expression
changes. Molecular genetics and metabolism 133(3) 307-323 2021. DOI: 10.1016/j.ymgme.2021.05.002

4. Nobuyuki Shimozawa, Shigeo Takashima, Hiroki Kawai, Kazuo Kubota, Hideo Sasai, Kenji Orii, Megumi Ogawa,

Hidenori Ohnishi. Advanced Diagnostic System and Introduction of Newborn Screening of Adrenoleukodystrophy and
Peroxisomal Disordersin Japan. International journal of neonatal screening 7(3) 2021. DOI: 10.3390/ijns7030058
5. Shigeo Takashima, Kayoko Toyoshi, Takuhei Yamamoto, Nobuyuki Shimozawa. Positional determination of the

carbon-carbon double bonds in unsaturated fatty acids mediated by solvent plasmatization using LC-MS. Scientific
reports 10(1) 12988. 2020. DOI: 10.1038/s41598-020-69833-y



PEX3
L2022 11

.2021 9

Vol. 32(2) 76-84 2021.
2 . sCD1

2021. DOI: 10.148%/faruawpsj.57.12_1136

46

63
L2022 11
Zellweger syndrome

2021 11
Zellweger syndrome

L2021 11

LC-MS
S08a .2020 9
. The Lipid
X-ALD . Vol. 57 (12). 1136

3. Shigeo Takashima, Nobuyuki Shimozawa. Model organisms for understanding peroxisomal disorders. Peroxisomes:
Biogenesis, function, and role in human disease (pp. 137-157). 2021 doi:10.1007/978-981-15-1169-1 6. ISBN:

4. ,

http://stakashimaj.blogspot. jp/

@

TAKASHIMA, Shigeo

8 50537610

71(5) 2020.



5 5 0 2

Takashima Shigeo Takemoto Shoko Toyoshi Kayoko Ohba Akiko Shimozawa Nobuyuki 133

Zebrafish model of human Zellweger syndrome reveals organ-specific accumulation of distinct 2021

fatty acid species and widespread gene expression changes

Molecular Genetics and Metabolism 307 323
DOl

10.1016/j .ymgme.2021.05.002

Takashima Shigeo Toyoshi Kayoko Yamamoto Takuhei Shimozawa Nobuyuki 10

Positional determination of the carbon?carbon double bonds in unsaturated fatty acids mediated 2020

by solvent plasmatization using LC?MS

Scientific Reports 12988
DOl

10.1038/s41598-020-69833-y

Kawai Hiroki Takashima Shigeo Ohba Akiko Toyoshi Kayoko Kubota Kazuo Ohnishi Hidenori 45

Shimozawa Nobuyuki

Development of a system adapted for the diagnosis and evaluation of peroxisomal disorders by 2023

measuring bile acid intermediates

Brain and Development 58 69
DOl

10.1016/j .braindev.2022.10.001

Takashima Shigeo Fujita Haruka Toyoshi Kayoko Ohba Akiko Hirata Yoko Shimozawa Nobuyuki 137

Oh-hashi Kentaro

Hypomorphic mutation of PEX3 with peroxisomal mosaicism reveals the oscillating nature of 2022

peroxisome biogenesis coupled with differential metabolic activities

Molecular Genetics and Metabolism 68 80

DOl
10.1016/j .ymgme . 2022..07..008




Shimozawa Nobuyuki Takashima Shigeo Kawai Hiroki Kubota Kazuo Sasai Hideo Orii Kenji 7
Ogawa Megumi Ohnishi Hidenori

Advanced Diagnostic System and Introduction of Newborn Screening of Adrenoleukodystrophy and 2021
Peroxisomal Disorders in Japan

International Journal of Neonatal Screening 58 58

DOl
10.3390/i jns7030058

Zellweger syndrome

2021

Zellweger syndrome

2021

LC-MS

2021




PEX3

46

2022

63

2022

2020







