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A brief
Introduction
of Locomotion



What is Locomation?

* Any of a variety of methods that animals use to move
from one place to another.

* Including self-propelled locomotion, e.g., running,
swimming, jumping, and passive locomotion, e.g.,
sailing (some jelly fish), rolling (some beetles and
spiders)

* There are some reasons for animal to move, such as
to find food, a mate, a suitable environment, or to
evade predators.

A beetle larva performing a rectilinear locomotion.
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General Overview &
The Locomotion Circults




Parameters

A Female Drosophila’s:

* Maximum walking speed is 4.2cm/s

* Continuous straight walking speed is about 1.5cm/s

* Duration of single step ranges from 60ms to 150ms In
continuous straight walks

* Step rate Is from 6.7 to 16.5 step/s in continuous straight

walks

(Strauss R, Heisenberg M, 1990)
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Mushroom body
for locomotion

Head of (B) a CS male and (D) a CS male with
MB ablated by HU (hydroxyurea, FRERFIK)

(Serway CN, Kaufman RR, 2009)
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Single flies with clipped wings were confined to an elevated circular
disk (8.5 cm in diameter) surrounded by a water-filled moat between
two opposing and inaccessible landmarks

(Serway CN, Kaufman RR, 2009)
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Head of (A) a Berlin male and (C) a Berlin male with MB
ablated by HU (hydroxyurea, TRESFRHR), (B)(D) is same
as (A)(C) but is from CS.

(Serway CN, Kaufman RR, 2009)



Anatomy and Orientation m—
are Not Influenced by HU ablation
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(Carreira-Rosario A, Zarin AA, Clark MQ, et al., 2018)



Refinery of backward crawling neuron
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After a screening of 75 sparse expressing Gal4 lines,
TrpAl activationof R53F07 induces backward crawling. 3 lines that induce backward crawling once activated

are identified by cross section.
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Stochastic Refinery of MDN by heatshock
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Annotation of MDN by TEM Reconstruction

and find its Descending Neurons
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Incre_ased
walking

Central Complex
i n I O C O m O tl O n (Robie AA, Hirokawa J, Edwards AW, et al., 2017)



Behavior video data Collection, Tracking
and Quantification of Behavior
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(Robie AA, Hirokawa J, Edwards AW, et al., 2017)



Bghawigral Effects of neural activation
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Central Complex activatigd
IS walk-Increasing

Cross-section of the walk-increasing regions all points to ring neurons.

(Robie AA, Hirokawa J, Edwards AW, et al., 2017)



...Some other behavior
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(Phelps JS, Hildebrand DGC, Graham BJ, et al.,

Ventral Nerve Cord
N locomotion
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The high-throughput serial-section transmission electron microscopy (TEM) pipeline built around GridTape.

(Phelps JS, Hildebrand DGC, Graham BJ, etal., 2021)
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Connection between bCS and MN bundles,
fast tibia flexor MN Is a major target
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B The Locomotion Inducers



gut microbial
factor

starvation

Metabolism Iinfluences
locomotor behaviors:

" High-fat diet,

temperature

HFD

' High-sucrose diet,
HSD

' short-term various

disease model

stimuli, SVS
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Gut microbial factor

LETTER

https://doi.org/10.1038/s41586-018-0634-9

A gut microbial factor modulates locomotor
behaviour in Drosophila

Catherine E. Schretter'*, Jost Vielmetter?, Imre Bartos®, Zsuzsa Marka®, Szabolcs Marka?, Sulabha Argade*
& Sarkis K. Mazmanian'*

2018
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starvation

Proceedings of the
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of the United States of America

Octopamine mediates starvation-induced hyperactivity
in adult Drosophila

Zhe Yang (#518)>1, Yue Yu (F#%)?', Vivian Zhang (554 )", Yinjun Tian (HH 5| %)?, Wei Qi (#34F)*<, and Liming Wang (£ 31 $%)>2
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signaling in adult Drosophila
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Junling Jia'?, Liming Wang"#*
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Starvation induces hyperactivity of adult flies
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Neuronal AKHR Is required for starvation-induced hyperactivity but not food consumption.
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AKHR+ neurons are required for starvation-induced hyperactivity
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High-fat diet enhances starvation-induced
hyperactivity via sensitizing hunger-
sensing neurons in Drosophila

Rui Huang'***, Tingting Song?', Haifeng Su®?, Zeliang Lai’%, Wusa Qin?,
Yinjun Tian% Xuan Dong*, Liming Wang**

HFD promotes starvation-induced hyperactivity in adult Drosophila.

D E
A = OS_DE?1FED S Day 1 ST
- i iy ND Oregon R, +Sucrose s ns S Y "
= 80 ignt cycle ND Oregon R, -Sucrose X < T
o . "; {1
el £ 0.25 - g
S 40 g 2 0.5 -
2. o G
3 > >
g 204 — - .
O o - NDHFD G ND HFD
O e
o Day 1 Day 2
G H
i : HFD Oregon R, +Sucrose
£ 80 - Light cycle , HFD Oregon R, -Sucrose § 0.5 - Day zn: = § 15 - Lay 2,.,..5 !
o o : ). ==
60 = ) =
= X X
O e ot -
2 40 ? g !
23 £ 0.25 - =
£ 920 | 3 7
7] O o 0.5 1
wn O O
& 0 > >
. 3 g o

ND HFD ND HFD



AKHR protein levels were upregulated by HFD feeding.

AKHR*neurons are more sensitive to AKH upon HFD feeding.
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HSD extended morning activity but not evening activity.
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Extended M activity after the startle response was more prominent in the 16L:8D
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Neuropeptide DTk and the DTk receptor TkR86C were required for M activity extension in HSD.
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DTk neurons and DN1gs were anatomically and functionally connected.
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Subsets of DN1 s were TKR86C-positive and were required for M activity extension in HSD.
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Depressed locomotor activity is not due to fatigue and is a general phenomenon.
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The role of octopamine / Tyramine and serotonin in changes of locomotor activity
following high temperature exposure.
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Drosophila melanogaster increases speed at increasing temperature following a
model based on enzyme-catalyzed temperature performance.
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Intact central thermal sensing Is necessary for flies to increase speed according to temperature
changes.
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provoke stress-induced phenotypes in Drosophila
SVS Protocol
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The locomotion neurotransmitters of Drosophila melanogaster
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Neurotransmitter

* \What is transmitter?
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Neurotransmitter

g~

Classification: fEEZS. EHigs. [EMRSSFIFELILETE,

Development,growth, feeding, metabolism,
Function reproduction, homeostasis, and longevity, as well as
; neuromodulation in learning and memory, olfaction and
locomotor control.
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The locomotion neurotransmitters of Drosophila melanogaster

How many neurotransmitters are there in Drosophila?

Table 1

Neuropeptides and peptide hormones identified in Drosophila melanogaster.

dFMRFamides dFMRFa-1 ..
. ” . A dFMRFa-2 Tachykinin-related DTK-1
europeptide name cronym AFMRFa-3 DTK-2
Adipokinetic hormone AKH SER:EE:; DTK-3
: dFMRFa-6
Allatostatin A (AstA) AstA-1 AFMRFa.7 DTK-4
AstA-2 dFMRFa-8 DTK-5
AstA-3 s
Drosulfakinins DSK-0 DTK-6
AstA-4 DSK-1
DSK-2
Allatostatin B (AstB; MIP) MIP-1 enRumpEsin M
MIP-2
MIP-3 Ecdysis-triggering hormone gﬂ—;
ﬂ:g_: Eclosion hormone EH
Hugin-pyrokinin hug-PK
Allatostatin C (AstC) AstC hug-y
Bursicon (Burs o) BURS lon transport peptide DrmITP
Partner of bursicon (Burs [3) PBURS DrmITPL1
DrmITPL2
CAPA-PVK/PK E:[;:' Eﬁi‘; Leucokinin LK
CAP A:FK - Neuropeptide F NPF
CPPB Neuropeptide F (short NPF) sNPF-1
sNPF-14-11
CCAP CCAP sNPF-2
sNPF-212719
CCHamide CCH1 sNPF-3
CCH2 sNPF-4
Corazonin CRZ NPLP1 MTYamide
Diuretic hormone 44 DH44 fgjm'de
Diuretic hormone 31 DH31 VOO
dFMRFamides dFMRFa-1 NPLP2 NEF
dFMRFa-2 NPLP3 SHA
dFMEFa-3 VViamide
dFMRFa-4 NPLP4 YSY
dFMRFa-5 Pigment-dispersing factor PDF
il [lj:g{t:tt]{:::cicutmpic hormone PTTH
dFMRFa-7 Sex peptide® SpP
dFMRFa-8 SIFamide SIFa

Dick R. Nassel, et al., 2010, Prog Neurobiol



Drosophila life cycle
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The role of octopamine and tyramine in Drosophila larval locomotion

Tyramine Is a biosynthetic precursor of octopamine
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Octopaminergic/tyraminergic neurons within the ventral nerve cord are necessary for larval locomotion
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> Proc Natl Acad Sci U S A. 2019 Feb 26;116(9):3805-3810. doi: 10.1073/pnas.1813554116.
Epub 2019 Feb 11.

Tyramine action on motoneuron excitability and
adaptable tyramine/octopamine ratios adjust
Drosophilalocomotion to nutritional state

Natalie Schitzler ', Chantal Girwert 1, Isabell Hagli T Giriram Mohana 2, Jean-Yves Roignhant 2
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OA and TA Adjust Drosophila Larval Locomotion to Nutritional State
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Summary

* OA and TA are important for Drosophila Larval Locomotion



The locomotion neurotransmitters of adult Drosophila melanogaster



Dimorphism Is regulated by dilp2 in Drosophila
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AKH med

Baseline Loconiotion Increase in S:St:%s:::‘a: ~
Gene name Gene ID Putative Ligand locomotion \ioh dtaiation locomotion 1fﬂd i
(fed) po (fed vs. starved) :
starved)
Control 865.2(£33.9)—1391.0(477.6)60.8%(£0.0%) sk
Adipokinetic hormone receptor CG11325 Adipokinetic hormone 773.9(£39.0) 897.9(+67.4) 16.0%(+8.7%) NS
SEHamge——recepter ECa e CCH et O4B- 0 TE O ro o u oo ceiz ooy :
Neuropeptide F receptor CG1147 Neuropeptide F 1003.0(+44.3)  1265.1(x72.6) 26.1%(+7.2%) ok
Leucine-rich repeat-containing G protein-coupled Glycoprotein hormone
receptor 1 CG7665 alpha2/betas 744.1(+38.9) 939.3(+63.4) 26.2%(+8.5%) %
Diuretic hormone 44 receptor 1 CGBa422 Diuretic hormone 44 719.1(x42.6) 910.2(x72.6) 26.6%(x10.1%) #*
Proctolin receptor CG6986 Proctolin 734.2(+37.3) 940.3(+84.5) 28.1%(£11.5%) *
Allatostatin C receptor 2 CG13702 Allatostatin C 766.1(£69.7) 1001.4(£54.9) 30.7%(x7.2%) *
Cholecystokinin-like receptor at 17D1 CG42301 706.3(x39.7)  925.1(x75.9) 31.0%(+10.7%) *
CG10738 Eclosion hormone 686.3(+49.6) 927.6(x73.8) 35.2%(+£10.7%) 23
Rickets CGB8930 Bursicon 806.1(+66.4)  1092.3(+68.5) 35.5%(+8.5%) -
Leucokinin receptor CG10626 Leucokinin 769.6(+43.1) 1049.9(+75.9) 36.4%(+9.9%) sk
Tachykinin-like receptor at 99D CG7887  Tachykinin/Drotachykinin  783.3(+58.9)  1074.8(+96.5) 37.2%(+12.3%) *
Pyrokinin 1 receptor CG9918 CAPA-PVK/PK 614.8(+29.9)  843.8(+57.0) 37.2%(+9.3%) ok
SIFamide receptor CG10823 SIFamide 516.3(£31.1) 718.0(+58.3) 39.1%(£11.3%) H
) Myosuppressin/
Myosuppressin receptor 1 CGB985 dromysosuppressin 758.7(+43.3) 1060.9(+62.4) 39.8%(18.2%) ok
Allatostatin C receptor 1 CG7285 Allatostatin C 855.2(x30.2)  1204.4(x87.8) 40.8%(£10.3%) ok
Corazonin receptor CG10698 Corazonin 803.3(£32.3) 1157.6(x77.1) 44.1%(+9.6%) Aokok
FMRFamide Receptor CG2114 FMRFamide 735.8(£38.6) 1062.4(+81.1) 44.4%(£11.0%) ok
Pyrokinin 2 receptor 1 CGava4d Hugin 732.0(x41.6) 1091.2(£79.3) 49.1%(+10.8%) ook
Myosuppressin receptor 2 CG43745 794.1(+42.5)  1190.0(x71.2) 49.9%(+9.0%) ok
Allatostatin A receptor 1 CcGz2872 Allatostatin A 828.7(+46.9) 1252.9(+68 .4) 51.2%(+8.3%) seckk
Torso CG1389 PrOMOraciooliopic  7538(146.6)  1095.3(:58.1)  51.3%(8.0%) ko
Allatostatin A receptor 2 CG10001 Allatostatin A 679.7(x44.1)  1039.6(x75.8) 52.9%(£11.1%) Hofk
Crustacean cardioactive peptide receptor CG33344 884.3(£61.3) 1356.9(x77.9) 53.4%(£8.8%) ke
Capability receptor CG14575 CAPA-PVK/PK 959.6(+49.1)  1482.5(x79.4) 54.5%(+8.3%) ofk
Pyrokinin 2 receptor 2 CG8795 Hugin 648.1(x28.2) 1018.9(x60.4) 57.2%(+9.3%) hofk
Ecdysis-triggering hormone receptor CG5911 Ecrysis-riggening 990.3(:55.4)  1566.4(+93.7) 58.2%(+9.5%) -

Pigment-dispersing factor receptor
Diuretic hormone 31 Receptor
Tachykinin-like receptor at 86C
Short neuropeptide F receptor

hormone
CG13758 Pigment-dispersing factor 678.3(+27.8)  1099.5(+80.5) 62.1%(+11.9%)
CG32843 Diuretic hormone 31 519.3(+50.3)  857.9(+93.6) 65.2%(+18.0%)
CG6515  Tachykinin/Drotachykinin ~ 749.3(+43.7)  1279.2(+98.1) 70.7%(+13.1%)
CG7395 Short neuropeptide F 820.0(+49.3)  1414.3(+95.7) 72.5%(£11.7%)
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Insulin signaling suppresses starvation-induced hyperactivity via AKHR+neurons
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Octopamine signaling mediates the effect of AKHR+ neurons on starvation-induced hyperactivity
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Summary

* OA and TA are important for Drosophila Larval Locomotion

* Octopamine signaling mediates the effect of AKHR+ neurons on
starvation-induced hyperactivity



Activation of VNC Serotonergic Neurons Slows Walking Speed
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VNC Serotonergic Neurons regulate Walking Speed
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HSD extended morning activity but not evening activity
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HSD extended much morning activity in 16L:8D condition
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Neuropeptide tachykinin was required for M activity extension in flies on a HSD

o A
_,E..
= E oL &g v LW o = ™ d W8 v - - ™ f — uwy ™ o N ™ = -
E5s 5822288385 FLE Tl geEsigstaags5sES e
B " magsg®T 4858 ELETTE8°E 8 =9 E==32% 3
< c
elav >d2, w''"® or neuropeptide Ri
¢ —mm29cC == NSD == HSD o NSD ©HSD
d  Mactivity offset
elav >d2, wi'' elav >d2, DTk Ri elav >d2,TKR86C Ri elav >d2,TkR99D Ri ] T
600- 600- 600- 600- TkR99D Ri J-Wegee- |
, 8| npsser] 0 VW |
%400' %400“ .EWO‘ ..5‘400' : A "l*!d!
2 2 | 2 e e e
QM-A gzoo~-J\ < 200- . - ®|  DTkRIi !m":”
; 2 M R T E F o ST Sovs bl +
0 ' 0- 0 0 w1 B ol E
4:00 20:00 4:00 20:00 4:00 20:00 4:00 R - | - 1 HE .
0 2 4 6 8 10 12
Time (hr)

Lee SH, et al., 2019, Commun Biol



Summary

* OA and TA are important for Drosophila larval locomotion

* Octopamine signaling mediates the effect of AKHR+ neurons on
starvation-induced hyperactivity for Drosophila adult locomotion

* VNC Serotonergic Neurons regulate Walking Speed

* Neuropeptide tachykinin was required for M activity extension in flies on a HSD
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