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Supplemental Experimental Procedures 
 
Cell Culture and Calcium Imaging 
HEK293T cells were maintained in MEM (10% FBS and 5% CO2).  Plasmids encoding TRP-2 
cDNA (pcDNA3-TRP2) and YFP (pEYFPc1, Clontech) were transfected into 293 cells with 
Fugene 6 (Roche).  At 36-48 hours after transfection,  cells were loaded with 2.5 µM fura 2-AM 
in ECM (14 mM Hepes [pH 7.4], 4 mM KCl, 145 mM NaCl, 1.2 mM MgCl2, 5 mM CaC12, and 10 
mM glucose) for 30 minutes at room temperature.  EGTA (1 mM), Ba2+ (5 mM) and Sr2+ (5 mM) 
was used to replace calcium in ECM to make calcium-free, Ba2+  and Sr2+ solution, respectively.  
Calcium imaging was performed on a Zeiss Axiovert 200 microscope under a 40x objective.  
Images excited at 340 and 380 nm with a Xenon source were acquired with a Roper CoolSnap 
CCD camera and processed by the software Ratiotool (ISeeimaging, Co.) and CoolRatio 
(home-developed).  Only YFP positive cells were selected for analysis.  
 Calcium imaging of live worms was performed as previously described (Li et al., 2006).  
G-CaMP and DsRed2 (Clontech) driven by the nmr-1 promoter were co-expressed as a 
transgene, allowing for ratiometric imaging.  G-CaMP and DsRed2 fluorescence was excited at 
484 nm and 565 nm, respectively.  G-CaMP, but not DsRed2, responds to calcium change (Li et 
al., 2006; Nakai et al., 2001).  The percentage ratio change (484/565 nm) was thus utilized to 
quantify the relative change of calcium levels in the neuron.  Animals were glued laterally on a 
2% agarose pad with Nexaband cyanoacrylate glue (Fisher) in ECM.  Nicotine-containing ECM 
(100 µM) was perfused toward the worm to elicit calcium responses in AVA.  
 
Behavioral Quantification 
After being transferred to a new environment (i.e. a fresh plate), the animal typically exhibits an 
exponentially decay in locomotion speed (Vt) until reaching a relatively steady state (Zhao et al., 
2003).  This process can be readily quantified by the following equation 1, which is adapted 
from Zhao et. al (Zhao et al., 2003).  This equation can also be used to quantify the behavioral 
state during which worms speed up their locomotion (see below).  With this method, the 
allowable error of kinetic fitting can be controlled within 0.1%. 
   )exp(21 ptmmvt ×+=      equation 1                        
 To obtain meaningful kinetic fitting, centroid velocity data from 5-20 worms were grouped 
and averaged at each time point.  The solid line running through the trace in Figure 1A-C, 1D, 
2A-B represents the fitting line (see below).  
  



{The following section describes how equation 1 is derived:  Similar to other biological 
systems exhibiting exponential changes, the change of worm locomotion velocity within a given 
time period (∆t) can be characteristically quantified by the proportion (p) of the changed value 
(∆S) to the current value (S) [see reference (Edelstein-Keshet, 2005)] 
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 When the animal speeds up its locomotion, the value of ∆S and p is positive.  
Conversely, ∆S and p are negative when the animal reduces its speed.  If the animal maintains 
a steady velocity, ∆S and p are then equal to zero.  We consider the simplest situation in which 
p is a constant during the time period: 
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Therefore, at a given time point t from time 0: 
 
  )exp(0 ptSSt ×=       equation 4 
 
in which p and S0 are constants.  St is the speed at time t, and S0 is the speed at time 0. 
Because animals may reach a steady velocity or a limit (m1), we replace St with vt – m1, in 
which vt is the velocity at time t.  Therefore equation 4 becomes (m1 and m2 are constants): 
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 In equation 1, vt is the velocity at time t; m1 is the limit; and m2 is the changing 
amplitude (v0 – m1).  τ (half-life) and d (doubling time) are commonly used to quantify linear 
differential mathematical models of biological processes, and their relationship to p is described 
in equation 5. 
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In the case of naïve or nicotine-adapted animals, the locomotion velocity vs. time can be well 
fitted into equation 1 with a single p value during our monitored time period (16 mins).  Upon 
acute nicotine treatment or withdrawal, the initial phase of speed decay observed in naïve or 
nicotine-adapted animals only lasts a few minutes (~4 mins), and is immediately followed by a 
locomotion-stimulation phase.  Mathematically, this phenomenon can be modeled as a 
transition between two independent processes.  Such a dual-phase phenomenon can be 
quantified by two p constants p1 and p2, with p2 being characteristic of the locomotion-
stimulation phase.  This can be well fitted into a double exponential equation using Igor Pro 5 
(WaveMetrics) (p1, p2, m1, m2, m3, m4 are constants): 
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To quantify nicotine-induced locomotion-stimulation, we created a locomotion-stimulation index 
(I):  
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The nicotine-withdrawal index (I) was created as follows: 
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