Development of a Novel Zebrafish Model for Type 2 Diabetes Mellitus
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Supplementary Materials and Methods

CT measurement of visceral adipose tissue volume

Zebrafish were euthanized by immersion in an ice-water bath (5 parts ice/l part water at <
4 °C) for > 20 min' and a 3D micro-CT scan was performed using an in vivo System R_mCT 3D
micro-CT scanner (Rigaku, Tokyo, Japan) as described previously’. 3D images were
reconstructed and viewed using i-View type R software (J. Morita Mfg, Kyoto, Japan), and
visualized and analysed using CT Atlas Metabolic Analysis ver. 2.03 software (Rigaku).
Measurement of visceral adipose tissue volume was limited to the abdominal cavity, defined as

the area between the cleithrum and the anus.

2-hour postprandial glucose test
Fish were given ad libitum access to Otohime B2 for 5 min. The food was then removed,
and after 30, 60, and 120 min, fish were anesthetized using ice water, a blood sample was collected

and the blood glucose level was determined.

Western Blot analysis

Normal-fed and overfed ins-EGFP zebrafish were euthanized and the abdominal wall was
stripped off. The intra-abdominal organs were excised as a whole and rapidly transferred to a
petri-dish filled with pre-chilled saline. Under a stereomicroscope (Nikon, Tokyo, Japan), liver-
pancreas tissues were isolated with fine scissors and forceps and weighed. T-PER Tissue Protein
Extraction Reagent (Thermo Scientific, Rockford, IL) with a protease inhibitor cocktail (Thermo
Scientific) was then added to tissues at a ratio of 18 ul buffer/1 mg tissue. After homogenization,
protein samples were centrifuged at 20 000 % g for 20 min at 4 °C. The concentration of each
protein sample was measured using Pierce 660 nm Protein Assay Reagent (Thermo Scientific).
For Western blot analysis, protein samples were separated by 12% sodium dodecyl sulphate-
polyacrylamide gel electrophoresis, transferred onto a polyvinylidene fluoride (PVDF) membrane
(Life Technologies), and blocked at 4 °C with PVDF Blocking Reagent (Toyobo, Osaka, Japan)
overnight. The membrane was incubated with Rabbit Polyclonal antibody to GFP (1:20 000;
GeneTex, CA, USA) or anti-glyceraldehyde-3-phosphate dehydrogenase (GAPDH) Z-Fish
(1:3000; ANASpec, San Jose, CA) for 1 h, and then washed with TBS containing 0.1% Tween-
20 (TBST) three times. The membrane was then incubated in Goat Anti-Rabbit IgG H&L (HRP)
(1:10 000 or 20 000, Abcam, Cambridge, MA) for 1 h. ImmunoStar Zeta (Wako Pure Chemicals,

Osaka, Japan) was used for detection. Membranes were imaged and quantified with an



ImageQuant LAS4000 instrument using the ImageQuantTL software (GE Healthcare, Waukesha,
WI).

RNA isolation, library construction and high-throughput sequencing

Fish were given a laparotomy, immediately transferred into tubes containing 3 mL of
RNAlater (Qiagen, Hilden, Germany) and placed at 4 °C for 24 h, and then stored at —20 °C until
use. The entire hepatopancreas was isolated by dissection using forceps. RNA was isolated from
the hepatopancreas using Isogen (Nippongene, Tokyo, Japan) combined with the clean-up
protocol of the RNeasy mini kit (Qiagen). Total RNA content was measured using the Nano Drop
1000 (Thermo Fisher Scientific, Waltham, MA, USA), and the integrity of RNA samples was
determined using an Agilent 2100 Bioanalyzer RNA 6000 Pico Chip (Agilent Technologies, Santa
Clara, CA, USA).

Before library construction, ribosomal RNA was depleted from 5 pg high quality (RIN >
8.0) RNA samples using a Ribo-Zero Magnetic Kit (Epicentre, Madison, WI, USA) according to
the manufacturer’s protocol. The integrity of the rRNA-depleted RNA was confirmed using the
Agilent RNA Pico assay reagents and Bioanalyzer 2100 system (Agilent Technologies). RNA
library construction was then performed by The Center of Genetics (Mie University, Japan) using
an Jon Total RNA-Seq Kit v2 (Life Technologies, Carlsbad, USA) following the manufacturer’s
instructions (4476290, revision C). Briefly, the mRNA was fragmented using RNaselll and
purified. The fragmented RNA was hybridized and ligated with the Ion adaptor. The RNA
fragments were reverse transcribed and amplified to cDNA. The amplified cDNA was purified
using a magnetic bead-based method, and the molar concentration was determined for each cDNA
library. Emulsion PCR and enrichment steps were carried out using an Ion OneTouch 200 template
kit v2 DL as described in the manufacturer’s protocol (MAN0006957, revision 5.0). Assessment
of the Ion Sphere particle quality was undertaken between the emulsion PCR and enrichment steps
with an Ion Sphere quality control kit using a Qubit 2.0 fluorometer (Life Technologies).
Preparations containing bar-coded libraries were loaded into 318 Chips and sequenced on the
PGM system (Life Technologies). Signal processing and base calling were performed with Torrent

Suite software version 4.0.1. Adapter sequences were trimmed using the same software.
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Supplementary Figure S1. Assessment of visceral adipose tissue volume, plasma TG and
hepatic steatosis in overfed zebrafish. (a) Changes in visceral adipose tissue volume in non-DIO
and DIO zebrafish. Non-DIO group: n = 14; DIO group: n=29. (b) Changes in plasma triglyceride
(TG) levels in non-DIO and DIO zebrafish. Non-DIO group: n = 14; DIO group: n = 29. (c) Oil
red O staining of liver sections. Red droplets indicate neutral lipid staining. Original
magnification: X 400. Scale bar = 50 um. Values are means + SE. Statistical analyses were
performed using Student’s t-test to compare the non-DIO and DIO groups at each time-point. *P

<0.05, **P <0.01.
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Supplementary Figure S2. Postprandial glucose tolerance test. Blood glucose levels were
determined after fasting (0 min) and 30, 60, and 120 min after food intake in non-DIO and DIO
zebrafish; n = 5 fish/time point. Values are means + SE. * P <0.05, ** P <0.01 vs. the non-DIO

group.
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Supplementary Figure S3. Western blot analysis. Full-length Western blot images for GFP (a)
and GAPDH (b) signals in liver-pancreas tissue of non-DIO and DIO ins-EGFP. The predicted
GFP and GAPDH target sizes are 29 kDa and 36 kDa, respectively.



Table S1. Genes dysregulated in DIO zebrafish compared with non-DIO zebrafish.

Normalized tag

Zebrafish Human
count
Feature ID Gene ID Gene Symbol Ortholog ID Control T2DM  Log ratio p.value  qg.value

si:dkey-93m18.6 ENSDARGO00000093173 - - 45.6 2.3 -4.3 0.0 0.01
tas1r3 ENSDARG00000006341 TAS1R3 ENSG00000169962 18.2 1.0 -4.2 0.0 0.05
prosl ENSDARG00000068261 PROS1 ENSG00000184500 25.1 1.4 -4.1 0.0 0.00
si:ch211-209j12.2 ENSDARG00000099337 - - 34.0 2.1 -4.0 0.0 0.01
si:dkeyp-98a7.8 ENSDARG00000094674 - - 195 1.6 -3.6 0.0 0.08
gadd45ba ENSDARGO00000027744 GADD45B ENSGO00000099860  778.2 77.4 -3.3 0.0 0.00
perlb ENSDARG00000012499 PER1 ENSGO00000179094  474.8 67.7 -2.8 0.0 0.00
si:ch211-

- - 92.9 135 -2.8 0.0 0.02
195h23.3 ENSDARG00000068431
synl ENSDARG00000060368 SYN1 ENSG00000008056 30.3 4.6 -2.7 0.0 0.04

CH507-
ENSGO00000275993  534.8 105.1 -2.3 0.0 0.07

sikl ENSDARG00000058606 42P11.8
pcxb ENSDARGO00000051939 PC ENSGO00000173599  145.6 29.5 -2.3 0.0 0.12
MYOCD ENSDARG00000098836 MYOCD ENSG00000141052 49.4 10.6 -2.2 0.0 0.15
BX005085.6 Transcription ZNF260 ENSG00000254004 40.3 8.7 -2.2 0.0 0.02
TC2N ENSDARG00000095067 TC2N ENSG00000165929 22.6 5.0 -2.2 0.0 0.16
pou6f2 ENSDARGO00000086362 POU6F2 ENSG00000106536  175.2 38.7 -2.2 0.0 0.17
cyp7ala ENSDARGO00000069018 CYP7A1 ENSGO00000167910 1473.6  328.5 -2.2 0.0 0.01
si:ch211-

- - 39.1 8.8 -2.1 0.0 0.07
277e21.1 ENSDARG00000096800
znf395b ENSDARG00000024195 ZNF395 ENSG00000186918 86.8 20.7 -2.1 0.0 0.00
cyp2adé ENSDARGO00000042956 CYP2J2 ENSG00000134716  132.1 32.0 -2.0 0.0 0.05
si:dkey-186021.1 = ENSDARG00000099633 SEC14L3 ENSG00000100012  312.3 77.9 -2.0 0.0 0.07
ppplr3ca ENSDARG00000071005 PPP1R3C ENSG00000119938 2220.1 5744 -2.0 0.0 0.03
crylaa ENSDARG00000011583 CRY1 ENSG00000008405  288.8 75.7 -1.9 0.0 0.00
cry2 ENSDARG00000011890 - - 257.0 67.3 -1.9 0.0 0.00
zgc:103755 ENSDARG00000104663 CLIP4 ENSG00000115295 34.7 9.1 -1.9 0.0 0.10

mycb ENSDARG00000007241 MYC ENSG00000136997  593.0 157.5 -1.9 0.0 0.04
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