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Chapter 1 Introduction

1.1 Nociception
1.1.1 Pain and nociception
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1.1.2 Pain pathways in mammals
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1.1.3 Nociceptors in mammals
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1.1.4 Molecular signaling in nociceptors
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1.1.5 Drosophila nociception
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1.2 Thermosensation
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1.2.1 Thermosensation in C. elegans
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1.2.2 Thermosensation in  Drosophila
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1.2.3 Thermosensation in mammals
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1.3 Molecular basis of temperature sensation —-TRP ¢ hannels

1.3.1 Introduction to TRP channels
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1.3.2 TRP channels involved in temperature sensatio n
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1.3.3 Potential mechanisms for temperature sensatio
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1.4 Molecular basis of mechanosensation
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1.4.2 Eukaryotic mechanosensitive channels and teth  ered model
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Chapter 2 General Methods

2.1 Thermal nociception behavioral assay
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2.2 Mechanical nociception behavioral assay
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2.3 Gentle touch behavioral assay
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2.4 Optogenetic activation of neurons
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2.5 Thermotaxis behavioral assay
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2.6 Live calcium imaging in 3rd antennal segment of adult
Drosophila
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2.7 Calcium imaging in cell culture
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Chapter 3 Identification of Drosophila Larval
Nociceptors

3.1 Introduction
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3.2 Methods and materials
3.2.1 Molecular cloning
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3.2.3 Confocal microscopy
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3.2.5 Optogenetic activation
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3.3 Results

3.3.1 GALA4 drivers that target different subsets of multidendritic

neurons
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3.3.2 Silencing of class IV multidendritic

nociception behavior
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3.3.3 Optogenetic activation of class IV neurons el
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3.3.4 Paradoxical directionality of rolling behavio
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3.3.5 Third instar larvae escape from wasp attacks by rolling
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Chapter 4 Pickpocket is a DEG/ENaC Protein Required
for Mechanical Nociception in  Drosophila melanogaster
Larvae

4.1 Introduction
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4.2 Materials and methods

4.2.1 Fly strains and husbandry
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4.2.3 Molecular characterization of genetic aberrat  ions of ppk
deficiency

I #) V7#/8 E %
) ) - % -5
Y [+ ## o I# #HEH#E |+ A& il +1 # |/
I #4111+ A% 5 ) [+# #I# # # I ##
+A[ [+ ### # # /[1# +AK I+ L) [+
| ## #I1#] I+ A& [+ 1##] 11#
+AK 1)) [+# # # # # ] #H+ A&
[+ # W11 # ### +AK /1) [+
##H # I11###] CAP& [+ / # # | ##
# [+ A%

4.2.4 Optogenetic activation of class IV neurons
30 - ) 40) &
% 011B5) - 2B&111 ) % 7 &

) % ) -)



4 HS%9, 5

) 5%

4.3 Results

4.3.1 Two overlapping deficiencies remove
neighboring gene elbowB
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4.3.2 Gentle touch responses are intactin ~ pickpocket mutants
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4.3.3 Thermal nociception responses are normal in pickpocket
mutants
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4.3.4 Mechanical nociception phenotypes
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4.3.5 elbowB mutants complement mechanical nociception
phenotypes
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4.3.6 RNAi knockdown of pickpocket in class IV multidendritic
neurons re-produces genetic mutants phenotypes
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4.3.7 Optogenetic activation of class IV neurons ex

pickpocket RNAI
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Chapter 5 dTrpAl is required for both thermal and
mechanical nociception in  Drosophila melanogaster
larvae

5.1 Introduction
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5.2.2 Thermal nociception assay
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5.2.3. Mechanical nociception assay
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5.2.4 Gentle touch assay
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5.2.5 Confocal microscopy
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5.2.6 Cell culture and transfection
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5.2.7 Molecular cloning
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5.2.9 Optogenetic activation of class IV md neurons
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5.3 Results

5.3.1 Tilling screen for dTrpAl identified a mutant allele of dTrpAl
with premature stop codon.
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5.3.2 dTrpAl mutants are defective for both thermal and mechanic
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5.3.3 Genomic rescue of dTrpAl mutants
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5.3.4 Knockdown of dTrpAl expression in class IV md neurons

8 79 45
%() &
% & ) )
&) "# $% "
" % $ - ( 3 %
"#$%8:9,-"  + 8, ( )
- & 3#2

4, +:5%

5.3.5 Ectopic expression of dTrpAl-A in class IV md neurons
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5.3.6 Cloning of a new dTrpAl isoform
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5.3.7 Nociceptor neuron expression of
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5.3.8 Heterologous expression of the new dTRPALl iso  form
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5.3.9 dTrpAl mutants are defective in NEL triggered by optogenet  ic
activation of class IV md neuron.
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5.4 Discussion

7 &) 3#2+

%/

%

79 % 3#

79 %

2;+<0 = - #7 %

- & 3#2

4 4 55%

% 7

- ) <0%> = & -

% $

2A@

3#

2+

79

3#

% #



4 -& F % 011@5% $ 8/:8
4 5
4 &) % 0121 5% )
& - % 3#
) 8&
- - %
- & -
%
3#2+ . - %() &
+ 4 '03G
3#2+ % 3#2+ %
7P ) & 3#2 ) 3
- - 3:3 4/ & % 277>K
' & % 011;5% 3 #2+ +
P - ) % 7
- %
# & 3#2+ ) %
3#2 - ) - - G 8+

2A7?



4 - &Q % 011B5% 3 #2+ - -

% 3#2+ -
) ) -
4E) &'  %O011@KE & % 0121K E) & E
% 01215%
3 #2+
% 3#2+# )
0<+0? =) 3#2+ )
2:4<0=%" : -) )
+ )
& I#2+H -
%9 ) - 45 3 %
$ ) & -
%' 3
% + 392
49 W& % 011A5% ')
+ 392) 3 @
%7 & 392
3@ 49 W & % 011A5%

2<1

0G



%

% 3 > -
39A . 4 &( %011
392

4/ &E % 01215%

6 +
) )
%
6
3# -
3#2
3 %

2<2

@5%

%

% ’



$% 1& -((-

2<0



$% 1& -((-

A#5 # 771

- % 6 &
% 45 3#2

1< %

%

3#2

2<A

2A

% 7

4/ +N#5



$% 1&
6
0

2<<



$% 1& 6 0 4H#+/5 ) -

- ) + )
) <> - % 4#5 )
" 4 215%45 18 4 _@15%45
= $> %% 48: 4 <5045 1<
D - %4 2<?5% X
1%112% 48% > %% 48 1< D

- 4 >B5% X 1%112%

2<;



$ %
0

1&"

2<>

%



$% 1&" 6 0 %

0 445 ) -
- Al % i< 4AB58<<2;:
) D
4 X1%1125% 4 5/ _1%0;
_1%0> = $>%%4 : 1< 0f

2<B



$% 1&

2<@



$% 1&
0

=$>%%4 :

4 2A?5

&

)

4457
A< 4_2<A5) -
4 _2@15% 457
"I

4 _2225% X1%1;%

2<?

- )

:GK= $>%%4 :

Al

:GK

1<



1

$ %

1&1

"4 4)



$% 1&1 '4 4) - 0

0
A#+2& 0& A5 ) + ) 79
4 "#$%8:9,-" (8, -" + & 2205)
4 "#$ %8:9,-"  (8: & 22AK-" + 8: &
_<?5% X1%1;% 45+ 4 "#$% GK-" (8,-" + &
_20<5 . Al -
4 "#$%:9,-"  ( G& 221K" + G& _@<5%

_1%1B%

2:2



$% 1&3 0 20 o

0
445 $ © 4 _@>5 )
45, 8 4 <5
"# $9%8: 4 _AB5 )
8 "#$% 4 0@5 )

% X1%112%

Al

2.0

Al

% 45
%45 ,-"
Al =



$% 1&5
0 %

4#5
3 #2+

%

%

)

0

3#2+#% 45

+ 4+

)

2:A



>Z

$ %

1&8 96

%

%



$% 1&: 0

4#5

- - 45
"I"4 $%
D ) &)

20 ro-

"I"# $%
ll! = *
+ F
NN #+ @/, A

%



$ %

1&;

|&'

*_ |4

2;>

%

20



$% 1&; '&, # 0 % 20

0 *o 1+
'03G ) ) #2+# #2+
0G [ A%1% 4#5 ) 3#2+#
- -) 40;,= OAl1=5 -
0G %45 ) ) 3#2+ 0G
-) 00=0<0=% ) -
1%1AA #7 % 45 B<Z 3 H2+# 4 -
[ A%A5 ) )
>7 3#2+ 4- - 5% B1Z 3#2+# >BZ
3 #2+ ) 1%1AA # 7 4 - 5%
) a,, 1%; #7 )
- %45 a,., 3 #H2+#
) 2%0 1%12 3 #2+ 4- - 5%
) X1%112% a,:,
1%1AA #7 3H#2+# ) 2%1
2%A  3#2+ 1%2 4 - 5%

2:B



& 6 0 % #
$% 1
%% # #

2,@



$% 1& O 6 0 % # Io-
%% # # 4#5 )
79 - 4 X1%1;5% 453 #

) 3#2 79
- %4 X1%1;5%

2:?



Chapter 6 Identification of two types of thermal se nsory
cells in the fly antennae

6.1 Introduction
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6.2 Materials and methods
6.2.1 Fly strains and husbandry
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6.2.2 Adult fly thermotaxis assay
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6.2.3 Calcium imaging of cells in the 3 " antennal segments of flies in
response to temperature changes
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6.2.4 Immunostaining in the 3 " antennal segment and adult brain
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6.3 Results

6.3.1 dTrpA1-B-GAL4 reporter is expressed in a subset of cells in the
3! antennal segment
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6.3.2 dTrpA1-B-GAL4 expressing antennal neurons project to

glomeruli in the antennal lobe
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6.3.3 dTrpAl1-B-GAL4 expressing antennal neurons have elevated
intracellular calcium level in response to cooling
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6.3.4 dTrpAl mutants show an altered response to cooling in dTrpAl-
B-GAL4 antennal neurons
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6.3.5 dTrpA1l mutants show defects in avoiding cool temperature
zone in thermotaxis
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6.3.6 Or83b antennal neurons show slow calcium oscillations in
response to cooling
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6.3.7 Or83b is required for flies to avoid cool temperature zon ein
thermotaxis assay
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