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SI Materials and Methods

Discrimination. Groups of flies were lowered to the choice point of
the maze and allowed to choose for 90 s between its two arms
scented with odorants as indicated. Flies in each arm were
trapped and counted and their distribution relative to the total
number of flies (i.e., percent excess flies) was calculated by
subtracting the number of flies in one arm from those in the
opposite arm and dividing by the total number per experiment.
The resultant measure is an indication of the relative distribution
of the flies in the maze arms at the end of the choice period.
Therefore, equally aversive amounts of odorants result in nearly
equal number of flies in each arm and yield a distribution near
zero (i.e., balanced distribution). These experimentally de-
termined equivalent odorant amounts were used in the testing
phase of subsequent associative learning experiments.

Olfactory Learning. Drosophila were trained and tested as de-
scribed before (1, 2) with the following modifications. First, to
minimize equipment-dependent variability, a single maze was
used in all experiments. The amounts of each odorant used in
the learning and testing phases of learning experiments were
those that gave a balanced distribution in the odor discrimina-
tion experiments. When different odors were used for training
and testing—for example, training with benzaldehyde-ds and
benzaldehyde but testing with d;7-1-octanol and 1-octanol—
balancing was required of training and testing odor pair. If bal-
ancing was not possible, conditioning experiments did not com-
mence and the experimental setup was disassembled. The

1. Pavlopoulos E, Anezaki M, Skoulakis EMC (2008) Neuralized is expressed in the o/p
lobes of adult Drosophila mushroom bodies and facilitates olfactory long-term
memory formation. Proc Nat/ Acad Sci USA 105:14674-14679.

2. Moressis A, Friedrich AR, Pavlopoulos E, Davis RL, Skoulakis EMC (2009) A dual role for
the adaptor protein DRK in Drosophila olfactory learning and memory. J Neurosci 29:
2611-2625.

experiment was attempted again at another time and only after
establishing balanced maze conditions.

Groups of Drosophila were placed into the training arm lined
with an electrifiable grid and exposed sequentially to two odors
carried in the air current. During the 1-min exposure to the first
odor, flies were given 12 electric foot shocks of 90 V DC each,
lasting 1.2 s, followed by 1 min of room air to purge the tube of
odor. This was followed by 1 min of the second odor without foot
shocks, followed by another 60 s of room air. Drosophila were
then gently lowered to the choice point of the T-maze where they
were allowed to choose for 90 s between the two converging air
streams scented with the odors used for training or different ones
as indicated. After the test, flies were trapped in the two arms,
collected, and counted. The distribution of the flies in the arms
relative to the odor they were trained to selectively avoid was
calculated as the number of flies avoiding the shock-associated
odor minus those that do not, divided by the total. Between each
cycle of training, the maze was purged of potential lingering
odors by passing room air through both arms for at least 2 min.
Another group of flies were then reciprocally trained such that
the punished odor from the first experiment became the non-
punished one in the second experiment. Although the perfor-
mance of the two reciprocally trained groups are typically
averaged (3), we report them separately as better indicators of
behavior in the two independently differentially trained groups.

Results from the behavioral tests were normally distributed and
therefore analyzed parametrically with the JMP statistical
package by using the statistical tests indicated in the legends to
Figs. 1-4.

3. Tully T, Quinn WG (1985) Classical conditioning and retention in normal and mutant
Drosophila melanogaster. J Comp Physiol A Neuroethol Sens Neural Behav Physiol 157:
263-277.
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Fig. S1. Deuteration transforms ACP to an aversive odorant The mean relative distribution of flies in the arms of the maze (% excess flies) carrying the
indicated odorants + SEM is shown in all graphs. Flies avoided all three deuterated versions of the odorant distributing preferentially in the h-ACP-carrying
arm of the maze. Avoidance of dg-ACP was significantly different (P < 0.001) from that of ds- and ds-ACP. Avoidance of d3-ACP was not significantly different
from that of ds-ACP but both were significantly different from zero (n > 6 for all groups; total flies per group > 445).
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Fig. S2. Conditioned avoidance in Canton-S flies and reverse conditioning in the w’’’® strain. The mean relative distribution of flies in the arms of the maze

(% excess flies) carrying the indicated odorants + SEM is shown and the total number of flies in each group is denoted. (A) Canton-S strain Drosophila were
trained by using the negatively reinforced conditioned olfactory avoidance paradigm to selectively avoid octanol or dq;-1-octanol. Dunnett tests revealed
highly significant (P < 0.0001) differences in the performance of both groups of conditioned animals from that of naive ones (open bars; n > 5). (B) Conditioned
avoidance of normal or deuterated ACP in Canton-S Drosophila. Subsequent Dunnett tests demonstrated that Drosophila trained to avoid dg-ACP chose ACP
upon testing significantly more than naive Drosophila (P < 0.001), whereas the behavior of Drosophila trained to avoid ACP in choosing the deuterated ACP
side was significantly different from that of naive at the P < 0.01 level. (C) w’""® control flies were conditioned to selectively avoid octanol or di;-1-octanol.
However, delivery of the control odor, not associated with the electric foot shock, preceded presentation of the punished odor (i.e., reverse-order training).
However, this reversal of the training scheme did not alter the preferential avoidance of the punished odor upon testing, as the performance of both trained
groups was significantly different (P < 0.001) from that of naive animals (n > 5).
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GAS CHROMATOGRAPHY ANALYSIS

Data File: clstarrelease2006\3300-db-5-06264.run
Channel: 2=2 RESULTS Calc Date: 13/07/06 05:28:22 BM
Sample ID: oa-l Times Calcalated: 9
Calculation Method:  c-\startmethod\ge2-method mth
Injection Date: 13/07/06 11:47:42 AM Instument (Cale):  Varian GC3300-2
Injection Method:  c-\starmethod\ge2-method mth Run Mode: Analysis
Run Time (min): 20000 Pesk Measurement:  Peak Area
Instrument (Inj}: ~~ Vanian GC3300-2 Colculation Type: ~ Percent
mVols]
200—
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50—
24
k¥ o hs 1
Misaies
Peak Peak Name Result  RetTime  PeakArea  Width 12
No (%) (min) (counts) (sec)
1 00304 33585 s13 21
2 04270 3702 12835 54
3 02157 6037 6483 a5
4 00617 7317 1854 147
H n-Octyl-d17 alcohol / W-350 991212 6904 2079241 14
6 00112 9543 337 42
7 00814 10,097 2445 55
8 00514 _ 11565 1545 164
Totals 100.0000 3005653
1300706 Quality control
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GAS CHROMATOGRAPHY ANALYSIS

Data File: edstarirelease\2007\3400-zb-wzx-07038.run QC
Channel: 1=1 RESULTS Cale Date: 0129/2007 11:08:01
Sample ID: H468-1 Times Calculated: 8
Q¢ Calculation Method:  c:\star\method\ge1-method.mih
Injection Date: 0122972007 10:37:52 Instrument (Calc):  Varian GC3400-1
Injection Method:  e’startmethodige ] -method.mth Run Mode: Analysis
Run Time (min): 20000 Peak Measurement:  Peak Area
Instrument (Inj): Varian GC3400-1 Caloulation Type:  Percent
mVols |
|
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3 L 15
Minutes
Peak Peak Name Result  RetTime  Peak Area  Width 172
Ne %) (min) (counts) (sec)
1 00390 1858 137 15
2 Benzaldehyde-dS / H-468 995493 5018 2902580 66
3 0.0602 5935 1754 22
4 0.0998 7353 2509 22
s 0.0590 7.988 1721 28
6 01490 9202 4345 22
7 00437 13386 1274 6
Totals 100.0000 2915720
0172972007 Quaity cantrol

CEK
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ISOTOPES
Data File: cstarirelease\2006\3300-db-5-061 12.run
Channel: 2=2 RESULTS Cale Date: 24/03/06 02:55:00 PM
Sample ID: G466-1 Times Calculated: 3
Caleulation Method: ~ c:\star\method\ge2-method mth
Injection Date: 24/03/06 02:29:34 PM Instrument (Cale): ~ Varian GC3300-2
Injection Method:  c\starimethod\ge2-method.mth Run Mode: Analysis
Run Time (min}: 20.000 Peak Measurement:  Peak Arca
Instrument (Inj): Varian GC3300-2 Calculation Type: Percent
o
200—
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100~
50—
k ho hs
Minutes
Peak Peak Name Result)  Ret  PeakArea Width Statws Group
No Time  (counts) 12 Codes
(min) (se¢)
1 00112 3659 361 22 o
2 0.5601 3760 17976 38 ]
3 Acetophenone-d8 / G-466 993883 7927 3189674 11 ]
4 00151 9178 484 28 0
] 00253 9476 811 26 0
Totals 100.0000 3209306
24/03/06 Quality control

Tel. (514) 697-6254

C/D/N ISOTOPES INC. « 88 Leacock Street » Pointe-Claire » Quebec » Canada + H9R 1H1
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Fig. S3. Gas chromatographs of the three perdeuterated odorants used in the behavioral experiments. Per the supplier (CDN), d47-1-octanol alcohol
(chromatogram A) was prepared by reduction of octanoic-d;s acid. Benzaldehyde-dg (chromatogram b) was prepared by a Grignard reaction by using
bromobenzene-ds and N,N-dimethylformamide-d;. ACP-dg (chromatogram C) was prepared by a Friedel-Crafts reaction by using benzene-dg and acetyl

chloride.
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Fig. S4. NMR spectra of the three deuterated odorants used in the behavioral experiments. (A) 1-octanol-d;;; (B) BNZ-dg; (C) ACP-dg.
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