Table S5 List of reactions for generic UPS component
	Reaction
	Reactants and Products
	Kinetic rate law
	Valuea

	Protein synthesis
	Source→ NatP
	ksynNatP
	2.4molecule.s-1

	Misfolding
	NatP+ROS→ MisP+ROS
	kmisfold<#NatP><#ROS>
	4.0E-5molecule-1s-1

	Refolding
	MisP→ NatP
	krefold<#MisP>
	8.0E-5s-1

	MisP/E3 binding
	E3+MisP→ E3_MisP
	kbinMisPE3<#E3><#MisP>
	1.0E-4molecule-1s-1

	MisPE3 release
	E3_MisP→ E3+MisP
	krel MisPE3<#E3_MisP>
	2.0E-4s-1

	E1/Ub binding
	E1+Ub+ATP→ E1_Ub+AMP
	kbinE1Ub<#E1><#Ub> <#ATP>/(5000+<#ATP>)
	2.0E-4molecule-1s-1

	E2/Ub binding
	E2+E1_Ub→ E1+E2_Ub
	kbinE2Ub<#E2><#E1_Ub>
	1.0E-3molecule-1s-1

	Monoubiquitination
	E2_Ub+E3_MisP→ E2+E3_MisP_Ub
	kmonoUb<#E2_Ub><#E3_MisP>
	1.0E-3molecule-1s-1

	Polyubiquitination1
	E2_Ub+E3_MisP_Ub→E2+ E3_MisP_Ub2
	kpolyUb<#E2_Ub><#E3_MisP_Ub>
	1.0E-2molecule-1s-1

	PolyubiquitinationX (X=2-7)
	E2_Ub+E3_MisP_Ub(X)→E2+ E3_MisP_Ub(X+1)
	kpolyUb <#E2_Ub><#E3_MisP_Ub(X)>
	1.0E-2molecule-1s-1

	MisP DUB bindingX  (X=1-8)
	DUB+E3_ MisP_Ub(X)→ E3_MisP_Ub(X)_DUB
	kbinMisPDUB<#DUB><#E3_MisP_Ub8>
	2.0E-7molecule-1s-1

	De-ubiquitinationX (X=2-8)
	E3_ MisP_Ub(X)_DUB→ E3_ MisP_Ub(X-1)_DUB+Ub
	kactDUB<#E3_MisP_Ub(X)_DUB>
	1.0E-4s-1

	De-ubiquitination1
	E3_MisP_Ub_DUB→ DUB+E3_MisP+Ub
	kactDUB<#E3_MisP_Ub_DUB>
	1.0E-4s-1

	Proteasome bindingX  (X=4-8)
	E3_MisP_Ub(X)+Proteasome→ MisP_Ub(X)_ Proteasome+E3
	kbinProt<#E3_MisP_Ub(X)><#Proteasome>
	5.0E-6molecule-1s-1

	De-ubiquitination-BoundMisPUb4
	DUB+ MisP_Ub4_Proteasome→ DUB+ MisP+4Ub+  Proteasome
	kactDUBProt<#DUB><#MisP_Ub4_Proteasome>
	1.0E-6molecule-1s-1

	De-ubiquitination-BoundMisPUbX 

(X=5-8)
	DUB+ MisP_Ub(X)_Proteasome→ DUB+MisP_Ub(X-1)_Proteasome+Ub
	kactDUBProt<#DUB><#MisP_Ub(X)_Proteasome>
	1.0E-6molecule-1s-1

	ProteasomeActivityX (X=4-8)
	ATP+MisP_Ub(X)_ Proteasome→ ADP+Proteasome+(X)Ub,
	kactProt *kproteff <#MisP_Ub(X)_Proteasome> <#ATP>/(5000+<#ATP>)
	1.0E-2s-1, 1.0

	Aggregation1
	2MisP→AggP1
	kagg1<#MisP><#MisP-1>/2.0
	1.0E-12molecule-1s-1

	Aggregation(X+1) (X=1-4)
	MisP+AggP(X)→AggP(X+1)
	kagg2<#MisP><#AggP(X)>
	1.0E-10molecule-1s-1

	Disaggregation1 
	AggP1→2MisP
	kdisagg1<#AggP1>
	1.0E-8s-1

	Disaggregation2
	AggP2→AggP1+MisP
	kdisagg2<#AggP2>
	8.0E-9s-1

	Disaggregation3
	AggP3→AggP2+MisP
	kdisagg3<#AggP3>
	6.0E-9s-1

	Disaggregation4
	AggP4→AggP3+MisP
	kdisagg4<#AggP4>
	4.0E-9s-1

	Disaggregation5
	AggP5→AggP4+MisP
	kdisagg5<#AggP5>
	2.0E-9s-1

	Inclusion formation
	AggP5+MisP→SeqAggPa
	kagg2<#MisP><#AggP5>
	1.0E-10molecule-1s-1

	Inclusion growth1
	SeqAggP+MisP→2SeqAggPa
	kigrowth1<#MisP><#SeqAggP>
	5.0E-9molecule-1s-1

	Inclusion growth2
	SeqAggP+E3_MisP→2SeqAggPa
	kigrowth2<#E3_MisP><#SeqAggP>
	5.0E-9molecule-1s-1

	Inclusion growth(X+2) (X=1-8)
	SeqAggP+E3_MisP_Ub(X)→2SeqAggPa
	kigrowth2<#E3_MisP_Ub(X)><#SeqAggP>
	5.0E-9molecule-1s-1

	Inclusion growth(X+10) (X=1-8) 
	SeqAggP+E3_MisP_Ub(X)_DUB→2SeqAggPa
	kigrowth2<#E3_MisP_Ub(X)_DUB><#SeqAggP>
	5.0E-9molecule-1s-1

	Proteasome inhibition(X) (X=1-5)
	AggP(X)+Proteasome→AggP_Proteasome
	kbinAggProt<#AggP(X)><#Proteasome>
	5.0E-9molecule-1s-1

	ROS generation Agg(X) (X=1-5)
	AggP(X) →AggP(X)+ROS
	kgenROSAggP<#AggP(X)>
	2.0E-5s-1

	ROS generation
	Source→ROS
	kgenROS
	1.0E-2molecule.s-1

	ROS removal
	ROS→Sink
	kremROS<#ROS>
	1.0E-3s-1

	Ubiquitin synthesis
	Source→Ub
	kubs
	1.2E-2molecule.s-1

	Ubiquitin degradation
	Ub+Proteasome→Proteasome
	kubd*kproteff <#Proteasome><#Ub>
	4.4E-9 molecule-1s-1, 1.0

	Ubiquitin upregulation
	MisP→MisP+3Ub
	kubss<#MisP^6>/(1500^6+<#MisP^6>)
	0.1molecules-1


aNote that products also include dummy species to keep track of which proteins end up in inclusions

