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S1 Table A. Model Parameters
	Category
	Symbol
	Description
	Value
	Units
	Ref.

	Blood
	p
	CXCL12 permeability through blood vessel wall
	4.08x10-5
	cm s-1
	[1]

	
	A
	surface area of blood vessel bordering each endothelial compartment
	100
	μm2
	

	
	tmax
	time of day of maximum CXCL12 blood concentration
	9am, converted to military time
	
	[2], this work

	
	tstart
	time of day to start the simulation
	arbitrary
	
	

	
	CCXCL12,max
	maximum CXCL12 concentration in blood during circadian fluctuation
	0.30 (CXCL12-α)
0.28 (CXCL12-β)
0.20 (CXCL12-γ)
	nM
	[3]

	
	CCXCL12,min
	minimum CXCL12 concentration in blood during circadian fluctuation
	0.15 (CXCL12-α)
0.14 (CXCL12-β)
0.10 (CXCL12-γ)
	nM
	[2]

	
	f
	frequency of circadian rhythm
	24
	h-1
	

	Initialization thresholds
	BTISthreshold
	blood-tissue interface stability threshold
	1x10-5
	
	

	
	GSthreshold
	gradient stability threshold
	1x10-5
	
	

	Isoform-specific parameters
	KD
	binding affinity of CXCL12 for ECM
	100 (CXCL12-α)
20 (CXCL12-β)
5 (CXCL12-γ)
	nM
	[4]

	
	S
	baseline CXCL12 secretion rate from cells (Setup 1)
	20 (CXCL12-α)
15 (CXCL12-β)
5 (CXCL12-γ)
	# (cell s)-1
	[4]

	
	Smax
	maximum CXCL12 secretion rate from cells during circadian fluctuation (Setup 2)
	20 (CXCL12-α)
15 (CXCL12-β)
5 (CXCL12-γ)
	# (cell s)-1
	[4]

	
	Smin
	minimum CXCL12 secretion rate from cells during circadian fluctuation (Setup 2)
	10 (CXCL12-α)
7.5 (CXCL12-β)
2.5 (CXCL12-γ)
	# (cell s)-1
	[2]

	Timesteps
	td
	timestep for diffusion
	0.1
	s
	[4]

	
	tm
	timestep for receptor-ligand dynamics
	0.01
	s
	[4]

	Other
	Φ
	number of CXCL12 binding sites on ECM
	6.63x104
	# compartment-1 
	[4]

	
	kdeg
	Extracellular CXCL12 degradation rate
	2.05x10-5
	s-1
	[4]

	
	D
	CXCL12 diffusivity
	1.5x10-6
	cm2 s-1
	[5,6]

	
	kon
	on-rate of CXCL12 to ECM
	0.001
	s-1
	[4,7]
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S1 Table B. Model Equations

	Name
	Equation
	Symbols


	Cell-derived CXCL12 gradient (GC)
	
	- Chigh and Clow shown in Fig 1
- dc = distance between clusters (100 μm)


	Endothelial-tissue CXCL12 gradient (GE-T)
	
	- Ctissue and Cendo shown in Fig 1
- dE-T = horizontal distance from endothelium to edge of simulation space (80 μm)


	Blood-tissue CXCL12 gradient (GB-T)

	
	- Ctissue and Cblood shown in Fig 1
- dB-T = horizontal distance from blood to edge of simulation space (90 μm)


	Nonspecific CXCL12 binding to ECM
	
	- B = CXCL12 bound to ECM
- kon = on-rate of CXCL12 to ECM
- KD = binding affinity of CXCL12 for ECM
- Φ = empty sites on ECM






S1 Table C. Molecular species involved in CXCR7-CXCL12 binding and trafficking events.

	CXCR7 Species
	Description

	R7 (#/cell)
	Free cell-surface CXCR7


	L12 (nM)
	Free extracellular CXCL12


	Be (#/cell)
	Free endogenous  β-arrestin 2


	R7Be (#/cell)
	R7 bound to Be


	C7 (#/cell)
	R7  bound to L12


	C7Be (#/cell)
	R7Be bound to L12


	R7Bei (#/cell)
	Intracellular R7Be 


	C7Bei (#/cell)
	Intracellular C7Be 


	R7Beii (#/cell)
	R7Bei  after Be dissociation


	C7Beii  (#/cell)
	C7Bei  after trafficking to late endosomes


	C7Bpii  (#/cell)
	C7Bpi  after trafficking to late endosomes


	L12i (#/cell)
	Intracellular L12





S1 Table D. Parameters describing CXCR7-CXCL12 binding and trafficking events.

	Parameter
	Description
	Value

	kf,L12,7  (nM-1s-1)
	Forward rate constant of L12 binding R7 /R7Be 
	1.4 x10-3

	
	
	

	kf,B,7 ((#/cell)-1s-1)
	Forward rate constant of Be binding R7 /C7
	1.4 x10-8 

	
	
	

	KD,R7,L12 (nM)
	Equilibrium dissociation constant of L12 binding R7 
	0.84

	
	
	

	KD,R7,B   (#/cell)
	Equilibrium dissociation constant of Be from R7 
	2.3 x106

	
	
	

	KD,C7,B  (#/cell)
	Equilibrium dissociation constant of Be from C7
	6.5 x105 

	
	
	

	ke,R7B  (s-1)
	R7Be internalization rate constant
	3.9 x10-3

	
	
	

	ke,C7B  (s-1)
	C7Be internalization rate constant
	2.1 x10-3

	
	
	

	koff,B,7 (s-1)
	Dissociation rate constant of Be from R7Bei 
	2.5 x10-3

	
	
	

	ke,C7Bi (s-1)
	Rate constant of trafficking of   C7Bei to late endosomes
	5.5 x10-4

	
	
	

	krec,R7Bii  (s-1)
	R7Beii recycling rate constant
	1.1 x10-3

	
	
	

	krec,C7Bii (s-1)
	C7Beii recycling rate constant
	2.8 x10-4

	
	
	

	kdeg,L12i   (s-1)
	L12i degradation rate constant
	1.0 x10-4





[bookmark: _GoBack]S1 Table E. Ordinary differential equations which govern CXCR7-CXCL12 binding and trafficking events.

	Ligand binding to free receptors
	 

	Ligand binding to receptor-β-arrestin complexes
	 

	β-arrestin binding to free receptors
	 

	β-arrestin binding to ligand-bound receptors
	 

	Internalization of cell surface receptor-β-arrestin complexes
	 

	
	 

	Dissociation of
β-arrestin from internalized receptor-β-arrestin complexes
	 

	
Trafficking of internalized receptor-β-arrestin complexes to late endosomes
	 

	Recycling of internalized receptors

	 

	
	 

	Degradation of 
	 





	


	


	


	


	


	


	


	


	


	


	




~ Units are nM/s
Vcell = volume of a cell, 1x10-12 L
NAV = Avogadro’s Number, 6.022x1023 mlcl / mol

Nomenclature, parameters, and equations shown in S1 Tables 3, 4, and 5 are taken from:

Chang SL, Cavnar SP, Takayama S, Luker GD, Linderman JJ. Cell, Isoform, and Environment Factors Shape Gradients and Modulate Chemotaxis. PLoS One. 2015;10(4):e0123450. doi:10.1371/journal.pone.0123450
