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SI Materials and Methods
Protein Purification. Frozen rat brains were thawed, homogenized
in assembly buffer [0.1 M Mes, 1 mM EGTA, 1 mM MgCl2 (pH
6.9)], and centrifuged at 100,000 � g. Microtubule protein
(tubulin plus microtubule-associated proteins) was purified by
several rounds of GTP-driven, temperature-dependent polymer-
ization and depolymerization (1). Tubulin was then purified
from this material by selective polymerization in high-buffer
concentration, pelleted by centrifugation, redissolved in assem-
bly buffer at 25 mg/mL, and drop-frozen in liquid nitrogen as in
ref. 2. Tubulin from Leishmania tarentolae was purified as
described in ref. 3 and was a kind gift from K. Werbovetz (Ohio
State University, Columbus, OH).

Single-Channel Current Analyses. Current measurements were per-
formed by using an Axopatch 200B amplifier (Axon Instru-
ments) in the voltage-clamp mode. Data were filtered by a
low-pass 8-pole Butterworth filter (model 9002; Frequency
Devices) at 15 kHz and saved directly into the computer memory
with a sampling frequency of 50 kHz as described in ref. 4. For
data analysis, a digital 8-pole Bessel low-pass filter set at 500 Hz
was applied to all records, and then individual events of current

blockages were discriminated. Lifetimes were calculated by
fitting logarithmic single or double exponentials to logarithmi-
cally binned histograms of at least 200 blockage events (5). Nine
different logarithmic probability fits were generated with dif-
ferent fitting procedures, and the mean � SD of the fitted time
constants was used as mean � SD for the lifetime.

The voltage-dependent properties of the voltage-dependent
anion channel (VDAC)-containing membrane were assessed by
applying a symmetrical 5-mHz triangular voltage wave with
�60 mV amplitude from a Function Waveform Generator
Hewlett–Packard 33120A and recording the current by using a
Digidata 1322A (Axon Instruments). Data acquisition and anal-
ysis were done as described in ref. 4.

Mitochondria Isolation. Male Wistar rats (250–300 g) were used
throughout the study. Brain mitochondria were isolated from the
forebrains as described in ref. 6. Cardiac mitochondria were
isolated from rat hearts by a method described in ref. 7 by using
successive treatments of heart tissue homogenates by trypsin and
trypsin inhibitor. The final mitochondrial pellet was suspended
in 2 mL of Mitomed solution [0.5 mM EGTA, 3 mM MgCl2, 60
mM potassium lactobinate, 20 mM taurine, 3 mM KH2PO4, 20
mM Hepes, 110 mM sucrose, 0.5 mM DTT (pH 7.1)].
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Fig. S1. Tubulin-S does not induce VDAC closure characteristic to intact tubulin. (a) Tubulin-S induces a broader distribution of closed states than intact tubulin.
Distributions of the open- and closed-state conductance were obtained in the presence of 50 nM intact tubulin and tubulin-S. The applied voltage was �25 mV.
Experimental conditions were as in Fig. 3 A and C. (b) Tubulin increases VDAC propensity to close, whereas tubulin-S is not distinguishable from control. To test
the effect of tubulin C-terminal tail (CTT) on multichannel membranes and on VDAC voltage-gating parameters, the probability of VDAC channels to be open
or closed at different potentials in the presence of intact tubulin and tubulin-S was analyzed. As was anticipated from the single-channel experiments, tubulin
increased voltage gating, which is seen as a shift of the bell-shaped voltage dependence toward the smaller voltages. Open probability is defined as the ratio
(G � Gmin)/(Gmax � Gmin), where Gmax and Gmin are the maximum and minimum conductances, respectively. Only part of the wave during which the channels were
reopening was used for the subsequent analysis. Data were collected as described in ref. 4 and are means of 4–7 independent experiments �SE on membranes
containing 10–50 channels. Fifty nanomolar intact tubulin or tubulin-S was added to the both sides of the membrane. Experimental conditions were as in Fig.
3 A and C.
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Fig. S2. Actin does not block VDAC channel or change VDAC gating parameters. (a) Actin (50 or 100 nM) added to the cis side of the membrane does not block
channel conductance. Current traces through the single VDAC channel were obtained at �25 mV applied potential. Experimental conditions were as in Fig. 3A.
(b) Actin (50, 300, or 1,000 nM) added to both sides of the membrane containing 30 channels does not affect VDAC gating. Open probability is defined as in Fig.
S1b. The medium consisted of 1 M KCl, buffered with 5 mM Hepes at pH 7.4. VDAC was isolated from Neurospora crassa mitochondria. Bilayer membranes were
formed from asolectin with 10% cholesterol.
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Fig. S3. VDAC voltage gating is not affected by CTT synthetic peptides. Mixtures of 1 and 3 �M �- and �-tubulin CTT synthetic peptides were added to both
sides of the membrane. Experimental conditions were as in Fig. 3B.
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Fig. S4. Sequence alignment of tubulin CTT from various species. The species name and accession number are given for each sequence, followed by the
sequence. All sequences are aligned by using the C terminus of the final helix in the crystal structure; these residues begin each sequence line. The space in each
line indicates the end of the residues resolved in the crystal structure and the beginning of the CTT. The structures used were Protein Data Base (PDB) ID code
1JFF for all eukaryotic tubulins and PDB ID code 2BTQ for the bacterial tubulins. �-Tubulin CTT sequences are in a, and �-tubulin CTT sequences are in b. Many
species have multiple genes for � and �. In these cases, the sequence shown is one that is similar to the average character shown in Fig. 6B in the text.
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Fig. S4a. Continued.
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Fig. S4b

Rostovtseva et al. www.pnas.org/cgi/content/short/0806303105 7 of 9

http://www.pnas.org/cgi/content/short/0806303105


Fig. S4b. Continued.
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Table S1. Parameters describing VDAC gating are changed in the presence of tubulin but not tubulin-S

Tubulin
Negative V0,

mV n at negative potentials
Positive V0,

mV n at positive potentials

Control (7) �24.8 � 3.2 2.9 � 0.4 23.8 � 5.7 2.9 � 0.5
Intact tubulin (4) �13.6 � 3.2 4.1 � 0.4 13.5 � 4.5 3.9 � 0.8
Tubulin-S (5) �25.9 � 3.6 2.5 � 0.8 28.4 � 1.2 2.9 � 1.1

The gating parameters V0 and n were obtained from the experiments shown in SI Fig. S1b and calculated as described in ref. 4. In the presence of 50 nM tubulin
V0, a characteristic voltage at which half-channels are open and half-closed, was shifted by 10 mV toward smaller potentials, and the gating charge, n, increased
slightly from 3 to 4. In contrast, there was no measurable effect of 50 nM tubulin-S on VDAC voltage-gating parameters. Values are means � SE. The number
of experiments is shown in parentheses.
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