Supplemental Figure Legends

Supplemental Fig. 1 – Sigmoidal functions of juxtaparanodal membrane currents and TJ resistivity

Juxtaparanodal Na+ and K+ currents in axons with diameters between 0.6 – 0.9 m are shown as functions of TJ resistance, Rtj. For expedience, Rtj is expressed as the log of the ratio of Rmy (300 Ohm.cm2) over Rtj. The functions exhibit steep sigmoidal slopes, with increasing current as Rtj decreases, and are fitted with a Boltzmann function. The slopes of plots from axons larger than 0.9 (m (not shown) approaches zero (i.e. horizontal lines) indicating that Na+ and K+ channel activity in large axons is independent of TJs in the myelin. The gray vertical lines connect curves from different axons at tj = 600 or 60 Ohm.cm2 (my = 300) and can be interpolated to the ordinate to determine the Na+ or K+ current resulting from changes to TJ resistance. These curves also demonstrate the axon diameter-dependent property of the membrane currents.

Supplemental Fig. 2 – Membrane potentials across large axons are not influenced by the presence or absence of TJs

Lower panels show APs from nodes #4 and 5 (black) overlapping with the AP (red) from the adjacent paranode, juxtaparanode or internode in an axon of 4 m diameter. Potentials measured through compact myelin (green) and TJs (blue) are shown in the upper panels. When tj = 600, APs are recorded across the TJs in all compartments and, at low amplitude, across the compact myelin. In the absence of TJs, APs are most prominent across the compact myelin. Independent of TJs, the axonal membrane is not affected by APs (except at paranodes). 

Supplemental Fig. 3 – Juxtaparanodal and internodal Tau are strongly influenced by TJs in small axons

A square current pulse injected into node #3 in axons lacking all ion channel activity is used to calculate Tau from the voltage decay curve at the mid-point of either the internode (A) or the proximal juxtaparanode (B) of myelin sheath #5. In the absence of TJs, Tau is constant in large axons but sharply increases in axons below 1 m in diameter. Tight junctions strongly reduce Tau in small axons but have little effect on axons larger than 2 m in diameter.

Supplemental Fig. 4 – Relation between axon diameter and internodal myelin capacitance and resistance

The capacitance (A) and resistance (B) of compact myelin are shown for axons of 0.4 – 4 m. Capacitance and resistance are normalized to unit length (m) for each axon to enable direct comparison. Myelin capacitance increases approximately linearly as axon caliber decreases, but sharply increases for axons smaller than 1 m in diameter (gray shading). Myelin resistance decreases approximately linearly as axon caliber decreases, but sharply decreases for axons smaller than 1 m in diameter.

Supplemental Fig. 5 – CVs measured in mouse optic nerves are slower than the simulated CVs

CVs derived from the compound action potentials of optic nerves from wild type and Claudin 11-null mice are plotted as functions of axon diameter for comparison with the CVs calculated from Boyd and Kalu (1979) . The optic nerve data are at least two-fold slower than those obtained from the DCM and TJM.

Supplemental Table 1 – passive properties used in Neuron simulations

	Parameter
	Value
	Units

	Node length (J.D., unpublished from optic nerve)
	1.25 
	m

	Axon diameter, all compartments (Di)
	0.3 – 4
	m

	Periaxonal space, width:
node (Halter and Clark, 1991)
	0.002
	m

	



paranode (Peters, 1966)
	0.002
	m

	



internode (Berthold and Rydmark, 1995)
	0.02
	m

	Myelin period (Kirschner et al., 1984)
	0.016
	m

	g-ratio 


(Devaux and Gow, 2008) ADDIN EN.CITE 
	0.8 
	

	Axoplasm resistivity ((a) (Halter and Clark, 1991)
	70 
	Ohm.cm

	Axon membrane capacitance (Cm) (Halter and Clark, 1991)
	1
	F.cm-2

	Leak conductance*,
node (gpas) (Halter and Clark, 1991)
	 1.56 x 10-1 
	S.cm-2

	


paranode (gpas) (Chiu and Schwarz, 1987)
	5 x 10-4 
	S.cm-2

	


juxtaparanode (gpas) (Chiu and Schwarz, 1987)
	5 x 10-3 
	S.cm-2

	


internode (gpas) (Chiu and Schwarz, 1987)
	5 x 10-3 
	S.cm-2

	Periaxonal resistivity, paranode, juxtaparanode and internode ((pa) 




(Halter and Clark, 1991)
	70
	Ohm.cm

	TJ resistivity ((tj)
	6 – 6 x 106
	Ohm.cm2

	Myelin capacitance (Cmy) (Halter and Clark, 1991)
	0.5
	F.cm-2

	Myelin membrane resistivity ((mm) for the DCM
	20 x 103
	Ohm.cm2

	Myelin resistivity ((my) for the TJM
	300
	Ohm.cm2


* equilibrium potential Epas = -75 mV
Supplemental Table 2 – ion channel characteristics used in Neuron simulations (37°C)

	Channel
	A
	d
	k

	Kvf
	(n A
	1.29
	-45
	0.1

	
	(n A
	3.24
	-70
	-0.1

	Kvs
	(s B
	0.0937508
	-105.75
	0.063573

	
	(s B
	0.2322026
	-79.76
	-0.117096

	
	(m C
	11.34432
	-54.49
	0.165

	Nav
	(m C
	37.38593
	-59
	-0.10627

	
	(h C
	4.983
	-107.74
	-0.110375

	
	(h C
	22.61
	-24
	-0.08


[Na+]out = 160 mM; [Na+]in = 30 mM; [K+]out = 5 mM; [K+]in = 140 mM.

A 


(Frankenhaeuser and Huxley, 1964; Schwarz and Eikhof, 1987) ADDIN EN.CITE 
B 


(Ilyin et al., 1980; Halter and Clark, 1991) ADDIN EN.CITE 
C (Schwarz and Eikhof, 1987)
Supplemental Table 3 – channel permeability properties used in Neuron simulations (37°C)
	Maximal permeability
	Node
	Paranode
	Juxtaparanode
	Internode

	PNa (cm.s-1) A
	3.39 x 10-2
	3.39 x 10-5
	3.39 x 10-4
	3.39 x 10-4

	PKf (cm.s-1) B
	2.79 x 10-4
	0
	2.79 x 10-3
	9.30 x 10-4

	PKs (cm.s-1) A
	8.33 x 10-5
	0
	0
	0


A (Halter and Clark, 1991)
B 


(Frankenhaeuser and Huxley, 1964; Schwarz and Eikhof, 1987) ADDIN EN.CITE 
Supplemental Table 4 – dependence of AP characteristics on the presence or absence of TJs in the DCM

	
	4 m Diameter
	0.6 m Diameter

	
	tj = 600 1
	tj = 60 1
	tj = 600 1
	tj = 214 1

	Vmax (mV) 2
	30.3
	25.0
	23.2
	20.6

	Latency to Vmax (ms)
	0.09
	0.10
	0.18
	0.25

	Time to threshold (ms) 3
	0.04
	0.05
	0.13
	0.19

	AP width at Vmax/2 (ms)
	0.19
	0.18
	0.20
	0.19

	Taurise from Vmax/2 to peak (ms) 5
	0.014
	0.014
	0.014
	0.014

	Taudecay from Vmax/2 to -74 mV (ms) 5
	0.172
	0.163
	0.171
	0.175

	AP duration (ms)
	0.77
	0.74
	0.70
	0.74


1 my = 20,000 (.cm2
2  Resting Potential = -75 mV

3  Threshold = -55 mV

4  AP potential > -74 mV

5  Tau is measured at 84% of the final value

Supplemental Table 5 – dependence of AP characteristics on the presence or absence of TJs in the TJM

	
	4 m Diameter
	0.6 m Diameter

	
	tj = 600 1
	tj = 60 1
	tj = 600 1
	tj = 60 1

	Vmax (mV) 2
	29.6
	29.6
	25.8
	21.3

	Latency to Vmax (ms)
	0.08
	0.09
	0.12
	0.21

	Time to threshold (ms) 3,4
	0.04
	0.04
	0.07
	0.16

	AP width at Vmax/2 (ms)
	0.18
	0.18
	0.19
	0.20

	Taurise from Vmax/2 to peak (ms) 5
	0.014
	0.015
	0.010
	0.013

	Taudecay from Vmax/2 to -74 mV (ms) 5
	0.164
	0.167
	0.137
	0.150

	AP duration (ms) 4
	0.74
	0.75
	0.50
	0.66


1  my = 300 (.cm2
2  Resting Potential = -75 mV

3  Threshold = -55 mV

4  AP potential > -74 mV

5  Tau is measured at 84% of the final value
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