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Figure S1. Physiological characteristics of SIc39a8-NSKO mice

(A) Mouse weight in 4-week-old male and female control and Slc39a8-NSKO mice.
(B) Brain weight in 4-week-old male and female control and S/c39a8-NSKO mice.
Data are presented as individual values and represent the mean + SEM.
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Figure S2. Neuronal S/c39a8 deletion leads to brain Mn deficiency

(A—-C) ICP-MS analysis of Mn (A), Fe (B), and Zn (C) levels in whole brain from 4-week-old male and female
control and S/ic39a8-NSKO mice.

(D-F) ICP-MS analysis of Mn (D), Fe (E), and Zn (F) levels in whole blood from 4-week-old male and female
control and Slc39a8-NSKO mice.

(G-1) ICP-MS analysis of Mn (G), Fe (H), and Zn () levels in liver from 4-week-old male and female control and
Slc39a8-NSKO mice.

Data are presented as individual values and represent the mean + SEM. * P < 0.05, *™* P < 0.01, and *™* P <
0.001.
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Figure S3. Loss of S/Ic39a8 in neurons results in little impacts on iron and zinc levels in the brain
region.

ICP-MS analysis of iron and zinc levels in olfactory bulbs (OB), prefronatal cortex (PFC), cortex (CTX),
hippocampus (HPC), midbrain (MB), and cerebellum (CB) from 4-week-old male and female control and
Slc39a8-NSKO mice.

Data are presented as individual values and represent the mean + SEM. * P < 0.05.



Figure S4

A oB B PFC [ Slc39a8™
30 30+ 81 81 [ S1c39a8-NSKO
e (]
20 ¢ 5 2l . + S ®1 ooe °l e °
c @ - [= \a ] | ® e
32 = OJ.: o' ° gc\o H e 41 = P
~ 104 |® 101 ° -
2 24
0 0 0 0
Female Male Female  Male
C _*
4. CTX 4 D ., HPC 0.
3 31 ®ye 301
—_ (=] [ ™Y @ 20 : °
S o °® o ® e — o —
TR 2 2{ ® =2 o8|  20{ o> oo
v ] ﬂ ﬂ | - il ﬁﬂ m :
- °
14 1 ﬁ J 104 |® ﬁ
0- 0 0 0
Female Male Female Male
MB CB
*% * *
E 5 15 F 0 101
° ° A4
8 e 8
o
c 510 ge 104 © o e . N R
=3 Py Eo ° e
52 Y ° P 4
5 ﬁ i i . - . ﬁ
o
2 24
0- 0 0 0
Female Male Female Male
Whole Blood Whole Blood
G  04; 0.4 081
03{ °° 9 03 0.6 e
c = %9 °
s £ o02] ® 02 0.44 °
3 X o
~ o (5]
0.1 0.1 0.2] ﬁm
0.0 0.0 0.0
Female Male Female Male
| J
1504 150 150+ 150
TR a =% 0o0 °
£ 100 100{ i £ 100{ (- soe 100{ Bo
cc = 0 o0 e® °
3 S5
% 8 50 50 T3 s0 50
0 0 0 0
Female Male Female Male

Figure S4. Neuronal S/c39a8 deletion results in impaired brain Mn uptake.

(A-F) Control and Slc39a8-NSKO mice at 4 weeks of age were administered 0.1 uCi [**Mn]MnCl. per gram
body weight via oral-gastric gavage. Brain regions were collected at 1 hr, and cpm was determined by y-
counting. Levels of *Mn in olfactory bulbs (OB) (A), prefrontal cortex (PFC) (B), cortex (CTX) (C),
hippocampus (HPC) (D), midbrain (MB) (E), and cerebellum (CB) (F) from 4-week-old male and female control
and S/c39a8-NSKO mice.

(G, H) Blood was collected at 1 hr after intravenous injection (G) or after oral gavage (H), and blood counts per
min (cpm) were determined by y-counting.

(1, J) Levels of total **Mn between control and Slc39a8-NSKO mice for intravenous injection (1) or for oral
gavage (J).

Data are presented as individual values and represent the mean £ SEM. * P < 0.05 and ** P < 0.01.
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Figure S5. Transporter RNA levels were measured in cerebellum (CB) from 4-week-old male and female
controland S/c39a8-NSKO mice.



Figure S6
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Figure S6. H&E-stained sagittal sections of paraffin-embedded mouse brains from 4-week-old control and
Slc39a8-NSKO mice. Samples with morphological defects are highlighted red.
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Figure S7. Morphological defects in SIc39a8-NSKO cerebellum.

(A) Immunohistochemical staining of cerebellar Purkinje cells (PCs) with anti-calbindin antibody. PC
morphologies of SIc39a8-NSKO mice at P8. EGL, external granule cell layer; ML, molecular layer; PCL,
Purkinje cell layer; IGL, internal granule cell layer. Scale bars: 25 ym

(B) Number of PCs at P8.

Data are presented as individual values and represent the mean + SEM. *** P < 0.001.
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Figure S8. SLC39A8 mRNA expression from single-cell transcriptome analysis from human brain (1, 2).



Supplementary Table S1. The 36 downregulated and upregulated genes in the S/Ic39a8-NSKO
cerebellum.

log2
Gene symbol Gene description fo?d- Padj

change
Down-regulated
Nrda2 Nuclear Receptor Subfamily 4 Group A Member 2 -0.85 2.3E-32
Nrda1 Nuclear Receptor Subfamily 4 Group A Member 1 -0.80 4.6E-29
Fosl2 FOS Like 2 -0.57 4.7E-14
Apold1 Apolipoprotein L Domain Containing 1 -0.44 1.0E-09
Per1 Period Circadian Regulator 1 -0.39 1.8E-06
Fosb FosB Proto-Oncogene -0.25 7.8E-06
Pde10a Phosphodiesterase 10A -0.38 7.8E-06
Nr4a3 Nuclear Receptor Subfamily 4 Group A Member 3 -0.27 2.6E-05
Nxph1 Neurexophilin 1 -0.37 2.6E-05
Sik1 Salt Inducible Kinase 1 -0.37 4.2E-05
NA Predicted gene 45140 -0.25 2.2E-04
Fos Fos Proto-Oncogene -0.24 3.8E-04
Slc2a13 Solute Carrier Family 2 Member 13 -0.32 1.5E-03
Txnip Thioredoxin Interacting Protein -0.31 3.5E-03
Irf2bp2 Interferon Regulatory Factor 2 Binding Protein 2 -025 3.5E-03
Ddit4 DNA Damage Inducible Transcript 4 -0.28 3.5E-03
KIf2 Kruppel Like Factor 2 -0.30 3.5E-03
Npas4 Neuronal PAS Domain Protein 4 -0.25 4.1E-03
Arrdc3 Arrestin Domain Containing 3 -0.26 5.1E-03
Nab1 NGFI-A Binding Protein 1 -0.29 5.2E-03
Glccil Glucocorticoid Induced 1 -0.30 7.3E-03
Rnf122 Ring Finger Protein 122 -0.29 7.4E-03
Kenk10 Potassium Two Pore Domain Channel Subfamily K Member 10 -0.26  1.5E-02
Uncx UNC Homeobox -0.28 1.6E-02
Coqg10b Coenzyme Q10B -0.27  1.8E-02
Creb5 CAMP Responsive Element Binding Protein 5 -0.28 2.3E-02
Ovca2 OVCA2 Serine Hydrolase Domain Containing -0.27  3.1E-02
Gm42715 predicted gene 42715 -0.27  3.1E-02
Tob2 Transducer of ERBB2 -0.23  5.0E-02
Up-regulated
Myh6 Myosin Heavy Chain 6 0.34 4.0E-11
ENSMUSG00000116417 NA 0.15 3.2E-04
Tnnt2 Troponin T2 0.17 9.7E-03
Zxda zinc finger, X-linked, duplicated A 0.1 1.1E-02
Capni1 Calpain 11 0.14 2.3E-02
1700025G04Rik RIKEN cDNA 1700025G04 gene 0.24 2.7E-02

Sulf1 Sulfatase 1 0.27 3.2E-02




Supplementary Table S2. Chow/Mn content variation in studies using S/c39a8 A391T KI mice.

Study
Sunuwar et al., 2021 (3)

Nakata et al., 2020 (4)
Mealer et al., 2022 (5)

Li et al., 2022 (6)

Verouti et al., 2022 (7)

Chow Manufacturer; Cat# Mn content

Harlan Teklad Global 18% Protein = 100 pm
Extruded Diet; #2018SX

NA NA
TestDiet; #5755 65 ppm
Regular sterilized rodent chow NA
Provimi Kliba AG; #2223 12 mg/kg

Other metals
NA

NA
NA

NA

Iron 65 mg/kg, zinc 45 mg/kg,
copper 6 mg/kg, iodine 0.6 mg/kg,
selenium 0.2 mg/kg



Supplemental Table S3. Primer sequences used in this study.

Primer Sequence

name

Nr4a2 TGAATGAAGAGAGCGGACAA
TGTCGTAATTCAGCGAAGGA

Nr4a3 AAACTTGCAGAGCCTGAACC
CTGGTGGTCCTTTAAGCTGC

Apold1 CCGTCCTGAAGGCCAAGATT
AGAAAAACAACGCTGCGTCC

Per1 TGTCCGTCACCAGTCAGTGT
CCAGGCAGGTCTTCCATC

Fosb GTGAGAGATTTGCCAGGGTC
AGAGAGAAGCCGTCAGGTTG

Myh6 ACGGTGACCATAAAGGAGGA
TGTCCTCGATCTTGTCGAAC

36B4 TCATCCAGCAGGTGTTTGAC

TACCCGATCTGCAGACACAC
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