Hrd1-ERAD controls the hepatokine FGF21 production through CREBH polyubiquitination
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Appendix Fig S1. Generation of liver specific HRD1 knock-out mice. (A) ER stress target genes that
are increased upon refeeding. (B) Hepatic mRNA profile in the fasting and refeeding condition. (C) Gene
ontology analyzes the function of the up-regulated and down-regulated genes upon fasting and refeeding

(D) Structure of the HRD1 WT and targeted alleles. (E) Hepatic mRNA level of the HRD1 LKO and WT
mice. (F) Heatmaps of top 15 increased and decreased genes in FGF21 transgenic overexpression mice
compared with HRD1 LKO mice in fasting and refeeding condition. (G) Growth hormone- STATS target
genes in FGF21 transgenic overexpression mice and HRD1 LKO mice. *: P<0.05. **: P<0.01 by unpaired

student’s t test.
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Appendix Fig S2. Hepatic HRD1 ablation mice phenocopy Fgf21 gain of function mice. (A) Evaluation
the estrus cycle by the vaginal visual method. (B-D) Water intake, activity and feeding behaviors in the WT
and L-HRDI mice. (n=5 for each group). (E) Serum TG and blood glucose of WT and HRD1 LKO mice
under refed conditions. (n=5 for each group). (F-H) Body weights (F), Cholesterol and TG (G), Fat weight
and body weight ratio (n=5 for each group). (H) of WT and HRD1 LKO mice 16 weeks after HFD feeding
(n=6 for each group). The data are representative of three independent experiments (mean £ s.d.). *: P<0.05.

*%: P<0.01 by unpaired student’s t test.
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Appendix Fig S3. Data analysis of the proteomic differential proteins between WT and HRD1 LKO
mice. (A) Correlation analysis of proteomic data from WT and HRD1 LKO livers with logarithmic-
transformed intensity of proteins. (B) Correlation analysis of proteomic data from WT and HRD1 LKO
livers with original intensity of proteins. (C) Overlaps of the differentially expressed proteins between the

missing values replaced with 1 (method 1) and replaced with minimum value of each replicate (method 2).
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Appendix Fig S4. Candidate HRD1 substrates are identified by protein level enrichment (A)
Correlation analysis of proteomic data from WT and HRD1 LKO livers. (B) Overlap of the genes identified
between RNA-Seq and proteomics. (C) GO functional analysis of the differential proteins from proteomic
screening. (D) 96 of the increased proteins directly regulate transcription. (E) Up-regulated proteins which
contain the proline-line rich binding domain. (F) mRNA levels of IREl1a, NRF1, RXRp, NOTCHI, SIRT3
and GAPDH in the liver of WT and HRD1 LKO mice under the refed condition. (n=6 for each group). The
data are representative of three independent experiments (mean =+ s.d.). *: P<0.05. **: P<0.01 by unpaired

student’s t test.
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Appendix Fig S 5. (A) Overlap between HRD1 regulating genes and CHOP-ATF4 target genes. (B) Hepatic
Chop, Atf3 and Psatl mRNA levels in the WT and HRD1 LKO mice. (n=5 for each group). (C) Hepatic
PERK, ATF4 and CHOP protein levels in the WT and HRD1 LKO mice. (D) Hepatic mRNA level of
Eif2ak3 (PERK). (n=5 for each group). (E) Western Blot analysis interaction of PERK and HRD1 after
immunoprecipitates of Flag-agarose in transfected HEK293T. (F) Figf2/ and Chop, Asns and Psat] mRNA
expression after PERK inhibitor injection. (n=5 for each group). (G) ATF4 protein levels after PERK
inhibitor injection. (n=5 for each group). (H) Xbpls mRNA levels in WT and HRD1 KO mice. (n=5 for
each group). The data are representative of three independent experiments (mean + s.d.). *: P<0.05. **:

P<0.01 by unpaired student’s t test.
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Appendix Fig S6. (A) Chromatin immunoprecipitation analysis of Crebh and PPARa binding onto the
Fgf21 promoter in the livers of 12-weeksold mice, normalized first to 5% input group. (n=5 for each
group). (B) Hepatic Chop, Atf3 and Psat] mRNA levels in the WT and HRD1 LKO mice. (n=5 for each
group). (C) Hepatic mRNA level of Ppara. (n=5 for each group). (C) Hepatic PPARa protein levels in the
WT and HRD1 LKO mice. The data are representative of three independent experiments (mean =+ s.d.). *:

P<0.05. **: P<0.01 by unpaired student’s t test.



CREBH-Activated

D

CHX 0 15 30 60 0 15 30 60 (min)
[wsmes = @=®9™" " |CREBH-N

| e = |HRD1-C

| |eaPDH
HRD1-C

Yes
HRD1FL 4 CREBH-FL

Interaction

CREBH-FL

Relative protein levels

CREBH-FL

T1s
@
<
CHX 0 15 30 2
0 15730 60 5 60 (min) S 104«
|——— i |weoresn E )
w
%os
= awe aon ® |Flag-HRD1-C  § Con
2 HRb1-C
k]
I Tubulin foo
0 2 40 60
Con HRD1-C Min
&
3 \'o"&: &
F L S &
E ¥ & N &
T o g v
&8 8: 22 8
- Con -= HRDI-C Sl ! g & e
7o—| 5 g |HRD1
C : CREBH
50—|" Activated
- H B Nuclear Matrix
70_[ 15 Hand 4 Protein p84
sw_| e e | GAPDH
Hrar™ G HrarAlP
Yes No

HRD1FL 4 CREBH-A

/
Q ER
' [ Gr3<294
t (7)
Cytoplasm @ @GD@

LX)
Proteasome @ _ o
degradation

Q ER
f 0;294
Cytoplasm ! z/ ®®®®

o
Proteasome @ _ o
degradation

1
Cytoplasm

-

Nucleus

Appendix Fig S7. (A) Immunostaining of Flag-HRD1-C, Flag-HRDI1 full-length and Myc-CREBH full-
length 48 hours after transfection. (B) Immunostaining of Flag-CREBH-activated 48 hours after
transfection. (C-D) Western Blot analysis cleaved form CREBH protein stability after HRD1-C terminal
protein over-expression with CREBH full-length (C) CREBH-cleaved form (D). (E) Western blot analysis
of hepatic HRD1 and CREBH of 16-weeks-old mice under overnight fasted or overnight fasted-refed 4

hours states; tissues were fractionated into nuclear and cytoplasm fractions. (F) A model of interaction

between HRD1 and CREBH.
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Appendix Fig S8. (A) Western Blot analysis of the CREBH K6, K11, K27, K29 and K33 only
ubiquitination level after HRD1 co-expression. (B) Western Blot analysis of the CREBH WT, K27R

ubiquitination level after HRD1 full-length co-expression.
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Appendix Fig S9. (A) Flowchart of the study design for the knockdown CREBH in vivo. (B-C) Hepatic
Crebh and Fgf21 mRNA in the WT and L-HRD1 KO mice 5 days after Crebh shRNA adenovirus injection.
(C) Serum FGF21 protein levels in the WT and L-HRD1 KO mice 5 days after Crebh shRNA adenovirus

injection. *: P<0.05. **: P<0.01 by unpaired student’s t test.
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Appendix Fig S10. A working model how HRD1 control FGF21 expression in the fasting-refeeding condition



