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Table S1
Primers used in PCR.
	Primer
	Forward
	Reverse

	HNF1a
	CCTGATGGTTGGAGATGGTC
	TCGTCATCCGTGTCATCTTC

	N-cadherin
	TCCTTGCTTCTGACAATGGA
	TTCACAAGTCTCGGCCTCTT

	E-cadherin
	TGTCACCGTGGATGTGGTAG
	CTCTCGCGCAGTGTAAGATG

	Vimentin
	AATGCTTCTCTGGCACGTCT
	GCTCCTGGATCTCTTCATCG

	HNF4a
	CACCAAGTGGCTCTGGATCT
	CTAGATGGCTTCCTGCTTGG

	Desmin
	TGGCTATCAGGACAACATCG
	ACATCCAAGGCCATCTTCAC

	CD163
	TTGAAGTGCAGAGCCACATC
	GGTGGAGGTGGAGATTCAGA

	vWF
	CCTGGAAGTGGTCCTCCATA
	CTGCCATCTCCATGTCACTG

	CD43
	GGAAGCACCATCTCCAACTC
	GTTGGTCCACGATGGCTAAT

	a-SMA
	CTGAGCGTGGCTATTCCTTC
	AGAAGAGGAAGCAGCAGTGG
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Fig. S1. Immunofluorescence of ALB in rat PHCs after isolation.
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Fig. S2. Expression of PHC markers (including ALB, HNF1a, and HNF4a) and non-parenchymal cells (including vWF, CD163, desmin, CK-43, and a-SMA) was examined by agarose electrophoresis before and after the purification of PHCs.
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Fig. S3. Expression of EMT markers, including (a) N-cadherin, (b) vimentin, and (c) E-cadherin, and hepatic specific genes, including (d) ALB, (e) HNF4a, and (f) CYP1B1, were examined by reverse transcriptase PCR (RT-PCR). We performed triplicate samples for each gene. *, **, and *** represent P < 0.01, 0.05, and 0.001, respectively; error bars represent mean ± standard deviation.
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Fig. S4. 20× microscopy of PHCs at 6, 12, 24, 48, 72, and 98 h post-in-vitro culture. 

Table S2
Significantly regulated proteins at each indicated time point.
	Group
	Number of significantly regulated proteins
	Uniprot ID

	6h/0h
	35
	P52845, F1MAR6, O35547, Q6E0V2, Q64428, P05183, Q5PQT3, A2VCW9, D4ADE8, Q06884, P36365, Q80W89, P56522, Q68G44, P04638, P02454, P02600, D3ZCR3, Q27W01, P62329, P02803, P07896, Q3MIB4, B0BN81, P18886, B3DMA2, P38659, Q6AXM8, Q99ML5, P00406, O88813, A0A0H2UHU1, A0A0G2JSU8, A0A0G2K9N3

	12h/0h
	20
	O35547, P08541, P05183, B3DMA2, P07896, Q6E0V2, B0BN81, Q06884, P18886, Q64428, Q03626, Q5PQT3, D3ZBJ0, Q9EPX0, P04694, D3ZCR3, P21643, P19939, A0A0G2K5E8, A0A0H2UHI5

	24h/0h
	42
	D3ZS15, P52845, F1MAR6, P08541, O35547, Q6E0V2, Q5M884, B3DMA2, Q06884, P05183, Q03626, P07896, Q64428, P18886, P36365, A2VCW9, Q5PQT3, D4A7U1 B0K020 ,A0A0H2UHL2, D3ZUM5, B0BN81, A0A0G2JZH0, A0A0G2K6J5, Q07936, G3V836, F1LST1, P07154, D3ZCR3, P09495, P05943, Q8VIL3, Q9EPX0, P04694, Q925G0, P02600, Q7TQ70, P14480, P19939, A0A0G2K9Q7，A0A0G2JVA7, P85834

	48h/0h
	110
	P52845, P08541, Q5M884, Q06884, Q03626, P07896, Q64428, O35547, P05183, P18886, P07756, P02706, B3DMA2, Q5PQT3, P18163, Q498U8, A2VCW9, P07379, P23680, Q68G44, B0BN81, A0A0G2K277, A0A0G2K6H7, B0K008, D3ZKX1, P61751, B5DF55, A0A0G2JW88, Q5U3Y8, P47727, Q6AXW2, Q91Y81, M0RCH6, P0DMW1, Q5XI73, P02650, M0RC57, F1LPH1, Q6P6G9, P13084, P38918, P52631, Q3KRD8, A0A140TAG9, A0A0G2K5U5, P19836, Q9EST6, D3ZDW2, Q63625, A0A0G2JSU3, A0A0G2K5E8, G3V9E3, P97584, G3V826, F1MAB9, D4AE49, P63170, D3ZWN1, F1LPM3, Q5U1X1, P41777, Q99MZ8, Q5M827, D4A914, A0A0G2K7X3, P60711, P13383, Q5RJL1, Q66HF9, Q63610, F1LVV4, Q62920, F1LRS8, P45592, P05065, A0A0G2K6J5, F1LPQ9, Q712U5, Q6IRJ7, P19939, A0A140TAF0, A0A0G2JZH0, D4A7V0, Q3KR94, Q9Z1P2, Q10758, P21807, P52944, Q9EPX0, Q5XFX0, F1LNF0, P02600, P68511, Q923Z2, P02680, P02764, Q7TQ70, G3V8C3, B0BNJ1, P14480, C0KUC5, D4A7U1, D3ZUM5, F1LST1, P23928, Q07936, P09495, G3V836, Q925G0, P05943
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Fig. S5. Significantly regulated proteins with opposite mRNAs expression at the indicated time points.
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Fig. S6. Sequence motifs for ubiquitinated peptides.
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Fig. S7. KEGG analysis of significantly upregulated ubiquitinated proteins (red) and significantly downregulated ubiquitinated proteins (blue) during PHC dedifferentiation. 

Table S3
Clusters of significantly regulated ubiquitinated proteins.
	Cluster
	Number of ubiquitinated proteins
	Uniprot ID

	1
	138
	A0A096MK76, A0A096MKF4, A0A0G2JSL8, A0A0G2JSW0, A0A0G2JT93, A0A0G2JVD6, A0A0G2JVL6, A0A0G2JYA4,  A0A0G2K013, A0A0G2K4A0, A0A0G2K585, A0A0G2K617, A0A0G2K652, A0A0G2K6J5, A0A0G2K6Z8, A0A0G2K8K0, A0A0G2K911, A0A140TAH5, B2RYQ5, B5DF55, D3ZB30, D3ZDW2, D3ZEV0, D3ZJR1, D3ZMS1, D3ZRV0, D3ZVQ0, D3ZXL1, D3ZXY4, D4A0E8, D4A531, D4A7G0, D4A7W1, D4ABC5, D4AC23, E9PSU5, E9PU28, F1LM82, F1LNM0, F1LPC7, F1LQ45, F1LSM0, F1M6F4, F1M779, G3V6T1, G3V7G8, G3V8L3, G3V8M5, G3V8T4, G3V9Q6, G3V9R8, I6L9G6, M0R5J4, M0R6B9, M0R9K1, M0RBX6, M0RCP9, M0RD75, O35244, O89049, P01041, P04905, P06302, P08010, P08541, P0DP31, P10111, P10760, P17074, P18437, P18484, P19225, P19945, P25113, P25886, P34058, P38918, P46462, P46720, P48500, P50137, P60517, P60711, P62716, P62828, P62907, P62963, P62982, P63018, P63029, P63095, P68370, Q00238, Q03336, Q10758, Q32PX7, Q3T1J1, Q498U8 Q499N6, Q4KLJ0, Q4KM07, Q4KMA2, Q4V7C6, Q4V8I6, Q4V8J5, Q5FVM4, Q5U300, Q5XI07, Q5XIE8, Q5XIE9, Q5XIM9, Q63569, Q63610, Q66HA6, Q66HK8, Q66HM7, Q66WT9, Q6AY09, Q6AYU1, Q6BBI8, Q6TMG5, Q6TXG7, Q6IMY8, Q6P6V0, Q6PEC4, Q71UF4, Q6P3V8, Q7TPL3 Q9JJ54, Q810U0, Q9EQS0, Q9EQX9, Q9ER24, Q9JHI3  Q9JHY1, Q9JI92, Q9QX80, Q9WU49

	2
	42
	A0A0G2JXE0, A0A0G2K8X3, A0A0H2UHB5, B0BN46, D3Z8M3, D3ZBN0, D4A962, F1M5A9, F1M853, G3V6I9, G3V8B3, O88339, P00502, P02692, P02803, P04355, P04550, P04642, P04797, P04961, P05197, P07632, P07756, P08011, P0DMW1, P14480, P15865, P18163, P21643, P62804, P62909, P63245, Q5EBD0, Q5M875, Q5XI55, Q5XIB6, Q6PDV7, Q6PDW1 Q794F9, Q920D2, Q9JJ40, Q9WTW7

	3
	49
	A0A0G2JSK9, A0A0G2JW94, A0A0G2K65, A0A0G2KAV5 A0A0H2UHG7, B0BN93, D4ABM1, D4AD40, F1LND7, F1LQ55, F1LNL0, F1LQS6, G3V9C7, M0R757, O35547, P02761, P04762, P04800, P04904, P05178, P05182, P06214, P07379, P07824, P09118, P11030, P15149, P17988, P22734, P26435, P32755, P50237, P52759, P52847, P57093, Q03248, Q3KRF2, Q5FVR5, Q5I0M4, Q5I0P5, Q63089, Q68G40 Q6DGG0, Q6P3V9, Q6PDV8, Q925D4, Q9JJ31, O35913, P02650
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Fig. S8. KEGG and GO analysis of ubiquitinated proteins from clusters 1, 2, and 3, respectively. HIF-1: hypoxia-inducible factor-1
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Fig. S9. Heatmap shows 55 changed ubiquitinated sites mapping to 19 CYP450s.
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[bookmark: _Hlk22655582]Fig. S10. Distribution of CYP450s with different ubiquitinated sites.

[image: C:\Users\WJM\Desktop\新建文件夹\eng-20021-figS11.tif]
[bookmark: _Hlk22756266]Fig. S11. Regulation of K6, K11, K29, K48, and K63 ubiquitin chains during PHC in vitro culture at the indicated time points (* represents P < 0.05; n = 4). Error bars represent mean ± standard deviation

Table S4
Forty phosphorylated sites of Ser/Arg repetitive matrix 2 (A0A0G2K2M9).
	Protein name
(Uniprot ID)
	Score
	Position
	Amino acid
	Sequence window

	Ser/Arg repetitive matrix 2 (A0A0G2K2M9)
	144.700
75.695
63.401
127.510
126.390
97.635
144.300
85.988
94.850
91.069
120.990
206.940
247.900
131.960
199.210
112.130
179.030
98.182
137.090
147.110
271.540
183.650
103.500
160.570
183.030
113.100
120.360
101.430
86.243
98.292
99.021
106.280
191.670
136.570
42.336
100.690
107.110
96.171
144.770
121.010
	332
350
772
774
777
796
840
850
887
927
955
975
1040
1050
1070
1099
1153
1181
1218
1271
1280
1306
1345
1362
1382
1431
1442
1451
2060
2088
2228
2338
2353
2365
2384
2407
2538
2649
2651
2659
	Ser
Ser
Ser
Ser
Ser
Ser
Ser
Ser
Ser
Ser
Thr
Thr
Ser
Ser
Ser
Ser
Ser
Ser
Ser
Ser
Ser
Ser
Ser
Ser
Ser
Thr
Ser
Thr
Thr
Ser
Ser
Ser
Thr
Thr
Ser
Ser
Ser
Ser
Ser
Ser
	IQQPSSPDPSTKQSSSPYEDKDKKEKSAVRP
EDKDKKEKSAVRPSPSPERSSTGPELPAPTP
RSLSSPRSKAKSLRRSLSGSSPCPKQKSQTP
LSSPRSKAKSLRRSLSGSSPCPKQKSQTPTR
PRSKAKSLRRSLSGSSPCPKQKSQTPTRRSR
KQKSQTPTRRSRSGSSPPKQKSKTPPRQSRS
RSGSVTNMQAEECSTTPQRQSHSESSPDGEV
EECSTTPQRQSHSESSPDGEVKSRTPSRQSC
VKSSTPPRQSPSRSSSPQPKVKAVISPRRRS
SRVTSRTPQRKSRSVSPCPKVDSRLLRHSRS
SRSRSSSPDTKMELGTPLRHSHSGSTSPYPK
SHSGSTSPYPKSMLQTPPDQNLSGSKSPCPQ
FVQQKGQSQTWPDTSSPEVRQMHLESPSLQS
WPDTSSPEVRQMHLESPSLQSKSQTSPKGGL
SKSQTSPKGGLSRSSSPVTELTARSPVKQDK
DKSELSTDPKLKSGMSPEQNKTKPDSSLYPL
IEEDVASSCVLRDKFSPTQDRPESSTVLKDT
KDTPRVLLKERSGAGSPPGTRDQKILLPNSS
VEKSEQPLSQVLPTLSPEHKEMSASNFESSP
AEIPAVASCWVGPQVSPEHKELSHSPPRDNS
WVGPQVSPEHKELSHSPPRDNSFESLEFRNS
EFRNSGPVLEVNTDFSPEVKEELNGPFLNQT
KEQSTRSSRRSSSELSPEIVEKVGIFSSQSV
EIVEKVGIFSSQSVSSPLLETVQQRTPSRER
TVQQRTPSRERSSSVSSPELKDGLPRTPSRR
HSLSGSSPGIKETPQTPSRGRSECDSSPEPK
ETPQTPSRGRSECDSSPEPKALPQTPRARSH
RSECDSSPEPKALPQTPRARSHSPSSPERNN
RSATPPATRNHSGSRTPPVALSSSRMSCFSR
FSRPSMSPTPLDRCRSPGMLEPLGSARTPMS
ADSRTPAAAAAMNLASPRTAVAPSAVNLADP
SSSRMAPALSGANLTSPRVPLSAYERVSGRT
SPRVPLSAYERVSGRTSPLLLDRARSRTPPS
SGRTSPLLLDRARSRTPPSAPSQSRMTSERE
APSQSRMTSERERAPSPASRMVQAPSQSLLP
APSQSLLPPAQDRPRSPVPSAFSDQSRSIAQ
SSLPAQPEVALKRVPSPTPVPKEAVREGRPQ
SPRKPIDSLRDSRSLSYSPVERRQPSPQPSP
RKPIDSLRDSRSLSYSPVERRQPSPQPSPRD
DSRSLSYSPVERRQPSPQPSPRDQQSSERVS



Table S5
Cluster of significantly regulated phosphorylated proteins.
	Group
	Number of phosphorylated proteins
	Uniprot ID

	6h/0h
	29
	A0A096MJM8, A0A0G2JZY6, A0A0G2K879, A0A0G2K8M3, A0A0H2UHZ6, D3Z8B2, D3ZEZ9, D3ZEZ9, D4A4X4, D4AD15, D4AEI5, F1M7S2, F7FKI5, G3V8U3, G3V9T0, O54842, P13832, P48508, P61980, P63326, Q1EG89, Q1RP74, Q3MID3, Q3ZB99, Q4KM74, Q4KM98, Q4QQW1, Q6IRK8, Q9Z1W6

	12h/0h
	31
	A0A0G2JT93, A0A0G2JZY6, A0A0G2K8M3, A0A0G2K8M3, D3Z8S0, D3ZEZ9, D3ZVL1, D3ZZZ9, D4A206, D4A4X4, D4AEI5, F1LR10, F1M062, G3V8K7, G3V8U3, M0R3Z8, P11960, P13832, P13832, P14141, P61980, P63326, Q00969, Q1EG89, Q3ZB9,9 Q5BK20, Q68FS9, Q6IRK8, Q9WU49, Q9Z1W6, D4A8G7

	24h/0h 
	45
	A0A0G2JZY6, A0A0G2JZY6, A0A0G2K1K8, A0A0G2K8M3, A0A0H2UHQ8, A1A5P0, B2GUY9, B2RYP4, D3Z8C7, D3ZEZ9, D3ZEZ9, D3ZFC5, D3ZFK8, D3ZTP0, D3ZVL1, D3ZZZ9, P07824, D4A4X4, D4A720, D4ACW0, D4AEI5, F1LV13, F1LV13, F1M589, G3V6K6, G3V8K7, G3V8U3, G3V9U0, M0R5H1, P12785, P13832, P14141, P61980, Q10758, Q1EG89, Q3ZB99, Q3ZB99, Q66WT9, Q6AYE1, Q6IRK8, Q7TQ70, Q9QZX8 Q9Z1W6, D4A206, F1M062

	48h/0h
	58
	A0A0G2JSU3, A0A0G2JT93, A0A0G2JUK2, A0A0G2JX77, A0A0G2K6E8, A0A0G2K7X,3 A0A0G2K879, A0A0G2K8M3, A0A0U1RS39, A0A140UHW6, A1A5P0, B2RYP4, D3ZA02 D3ZC82, D3ZDU2, D3ZFC5, D3ZH75, D3ZK45, D3ZY47, D4A720, D4ACW0, D4AEI5, F1LMG2, F1LV13, F1LXQ7 F1M062, D4A1U1, D4A4X4, Q5U2Z2, Q9WU49, Q9Z1W6, F1M062, F1M1R4, F1M265, O35147, O35413, P04905, P12785, P13832, P17325, P84903, Q06486, Q10758, Q10758, Q1EG89, Q3ZB99, Q4V7D4, Q5I0L7, Q5M7V8, Q5U2U8, Q5U2Z2, Q66HK4, Q68FS9, Q6IRK8, Q6P0K8, Q6P686, Q7TQ70, Q99MZ8



Table S6
Clusters of significantly regulated phosphorylated proteins.
	Cluster
	Number of phosphorylated proteins
	Uniprot ID

	1
	60
	A0A096MJM8, A0A0G2JT93, A0A0G2JUK2, A0A0G2JX77 A0A0G2JZY6, A0A0G2K1K8, A0A0G2K6E,8 A0A0G2K7X3, A0A0G2K8M3, A0A140UHW6, A1A5P0, D3Z8S0, D3ZC82, D3ZH75, D3ZK45, D3ZY47, D3ZZZ9, D4A1U1, D4A720, D4ACW0, D4AD15, D4AEI,5 F1LXQ7, F1M062, F1M1R4, F1M589, F7FKI5, G3V8K7, G3V8U3, G3V9T0, G3V9U0, O35413, P11960, P13832, P17325, P61980, P63326, Q06486, Q10758, Q1EG89, Q1RP74, Q3MID3, Q3ZB99, Q4KM98 Q4QQW1, Q5I0L7, Q5M7V8, Q5U2U8, Q5U2Z2, Q66HK4, Q66WT9, Q68FS9, Q6AYE1, Q6P0K8, Q6P686, Q99MZ8 D3ZEZ9, F1M265, D4A8G7, M0R5H1

	2
	30
	A0A0H2UHQ8, A0A0H2UHZ6, A0A0U1RS39, B2RYP4, D3Z8B2, D3ZDU2, D3ZFC5, D3ZFK8, D3ZTP0, D3ZVL1, D4A206 D4A4X4, F1LMG2, F1LR10, F1LV13, F1M7S2, G3V6K6, O35147 O54842, P04905, P07824, P12785, P14141, P48508, P84903 Q4V7D4, Q5BK20, Q6IRK8, Q9QZX8, Q9Z1W6

	3
	9
	A0A0G2K879, B2GUY9, D3Z8C7, D3ZA02, M0R3Z8, Q00969 Q4KM74, Q7TQ70, Q9WU49



[image: D:\新建文件夹 (2)\eng-20021-figS12.tif]
Fig. S12. KEGG and GO analysis of phosphorylated proteins from clusters 1, 2, and 3, respectively.

[image: D:\新建文件夹 (2)\eng-20021-figS13.tif]
[bookmark: _GoBack]Fig. S13. Regulation of the ubiquitinated sites, phosphorylated sites, and protein level from the coregulated proteins (a) Ptbp1 and (b) Srrm2. *, **, and *** represent P < 0.01, 0.05, and 0.001 versus 0 h, respectively; error bars represent mean ± standard deviation.
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