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Supplementary Discussion

Cytoplasmic-open transition is very slow in absence of a proton gradient

In the absence of a proton gradient, VMAT1 predominantly adopts a lumenal-open
conformation that is maintained by extensive gating interactions (Fig. 2b). The cytoplasmic-open
transition occurs very slowly, as inferred from the binding rate of reserpine, which recognizes
VMATS in their cytoplasmic-open conformation®? (Fig. 2). Without a proton gradient, reserpine
binding takes over 24 h to reach equilibrium?, indicating that although the unprotonated VMAT1
can still transition to the cytoplasmic-open state, this process occurs at a very slow rate. In contrast,
proton gradient accelerates the reserpine binding, which reaches saturation in approximately 10
min®*. Thus, protonation at vesicular acidic pH destabilizes the lumenal-open state and facilitates

the cytoplasmic-open transition.

Cytoplasmic-open transition remains rate limiting for substrate transport with a proton

gradient

In presence of a proton gradient, the cytoplasmic-open transition remains the rate-limiting
step during the vesicular import mediated by VMATSs?. Their Ky for substrate transport is 10-100
times lower (better) than substrate-binding Kp®. In other words, the uptake with a substrate-
occupied binding site (Kwm) is much faster than the reappearance of the unoccupied binding site
(Kp), i.e., the protonation-driven cytoplasmic-open transition?. In addition, VMAT transports
different substrates with similar Vma®’, suggesting that a conformational transition, instead of

substrate binding or release, is the rate-limiting step for the transport process.



Reserpine treatment induces dimer formation

For cryo-EM studies, the cells were treated with reserpine for 10 min before membrane
disruption. Because proton gradient is present at this stage, a fraction of VMAT1 can bind
reserpine. The reserpine-bound fraction adopts a cytoplasmic-open conformation, while the
unbound fraction is preferably lumenal open. Following membrane solubilization, a molecule at
the cytoplasmic-open conformation is prone to dimerize, either with another reserpine-bound
molecule or with an unbound, lumenal-open molecule. The membrane solubilization also
eliminates the proton gradient, and under this condition, the lumenal-open monomer maintains a
stable conformation (see above). The reserpine-bound monomer is also stable because this
inhibitor is nearly irreversible®. Consequently, we observe reserpine/unbound or

reserpine/reserpine dimers in alternate conformations.
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Supplementary Table 1. Alternate gating interactions formed at the cytoplasmic-open and

vascular-open conformations. Same as above are indicated by “..”.

Cytoplasmic open (76 contacts)

Vascular open (145 contacts)
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Supplementary Figure 1. Western blot of human VMAT1 constructs showing their similar
expression levels. The anti-flag antibody (Cell Signaling Technology) and anti-actin antibody
(Cell Signaling Technology) were used. These constructs are used for the monoamine uptake and
binding assays in Figs. 1b, 1c, 3g, 3h, 5f, 5g, and Extended Data Figs.1 and 7f.



Supplementary Figure 2. Uncropped gel for Extended Data Figure 2c.



