UC Irvine
UC Irvine Previously Published Works

Title

Mosquito cryptochromes expressed in Drosophila confer species-specific behavioral light
responses.

Permalink
https://escholarship.org/uc/item/6fh9r70g
Journal

Current Biology, 32(17)

Authors

Au, David
Foden, Alexander
Park, Soo

Publication Date
2022-09-12

DOI
10.1016/j.cub.2022.07.021

Peer reviewed

eScholarship.org Powered by the California Diqital Library

University of California


https://escholarship.org/uc/item/6fh9r70q
https://escholarship.org/uc/item/6fh9r70q#author
https://escholarship.org
http://www.cdlib.org/

1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
Curr Biol. Author manuscript; available in PMC 2023 September 12.

-, HHS Public Access
«

Published in final edited form as:
Curr Biol. 2022 September 12; 32(17): 3731-3744.e4. doi:10.1016/j.cub.2022.07.021.

Mosquito Cryptochromes expressed in Drosophila confer
species-specific behavioral light responses

David D. Aul, Alexander J. Foden?!, Soo Jee Park!, Thanh H. Nguyenl, Jenny C. Liul, Mary
D. Tranl, Olga G. Jaimel, Zhaoxia Yu?:3, Todd C. Holmes134*

1Department of Physiology and Biophysics, School of Medicine, University of California, Irvine,
Irvine, CA 92697, USA

2Department of Statistics, Donald Bren School of Information and Computer Sciences, University
of California, Irvine, Irvine, CA 92697, USA

3Center for Neural Circuit Mapping, University of California, Irvine, CA 92697, USA

4Lead Contact

Summary

CRYPTOCHROME (CRY) is a short-wavelength light-sensitive photoreceptor expressed in a
subset of circadian neurons and eyes in Drosophila that regulates light evoked circadian clock
resetting. Acutely, light evokes rapid electrical excitation of the ventral lateral subset of circadian
neurons and confers circadian modulated avoidance behavioral responses to short wavelength
light. Recent work shows dramatically different avoidance versus attraction behavioral responses
to short wavelength light in day-active versus night-active mosquitoes; and that these behavioral
responses are attenuated by CRY protein degradation by constant light exposure in mosquitoes. To
determine whether CRY1s mediate species-specific coding for behavioral and electrophysiological
light-responses, we used an “empty neuron” approach and transgenically expressed diurnal Aedes
aeqypti (AeCRY 1) versus nocturnal Anopheles gambiae (AQCRY1) in a cry-null Drosophila
background. AeCRY1 is much less light sensitive than either AGQCRY1 or DmCRY as shown

by partial behavioral rhythmicity following constant light exposure. Remarkably, expression of
nocturnal AgCRY 1 confers low survival to constant white light as does expression of AeCRY1

to a lesser extent. AQCRY 1 mediates significantly stronger electrophysiological cell autonomous
responses to 365 nm ultraviolet (UV) light relative to AeCRY1. AQCRY1 expression mediates
electrophysiological and behavioral sensitivity to 635 nm red light while AeCRY 1 does not,
consistent with species-specific mosquito red light responses. AQCRY1 and DmCRY mediate
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intensity-dependent avoidance behavior to UV light at different light intensity thresholds, while
AeCRY1 does not, thus mimicking mosquito and fly behaviors. These findings highlight CRY
as a key non-image forming visual photoreceptor that mediates physiological and behavioral
light-responses in a species-specific fashion.

eToc Blurb

Au et al. show that transgenic expression of diurnal and nocturnal mosquito species’ CRY

in Drosophila transduce light-evoked behavior and neurophysiological effects matching their
functions in mosquitoes. Nocturnal mosquito CRY 1 shows significantly greater behavioral and
electrophysiological light responses than diurnal mosquito CRY1.

Introduction

Mosquitoes are lethal disease vectors that account for hundreds of millions of infections
and millions of human deaths each yearl. Female mosquitoes seeking blood meals

for reproductive energy hunt using an arsenal of finely tuned sensors for smell,

taste, temperature, and sight?~’. The predominant current mosquito control strategies

use environmentally damaging toxic pesticides®-19, Short-wavelength light (UV, violet,
blue) evokes diverse behaviors in insects, including arousal, phototaxis/photoavoidance,
circadian entrainment, and others1-17. Until recently, it was widely assumed that all
behavioral responses to short wavelength light are mediated by opsin-based image forming
photoreception in insect eyes'416.18.19 However, many light-regulated behaviors have
been found recently to be regulated by the non-opsin photoreceptor CRYPTOCHROME
(CRY)12:20-22 CRY is a light-sensing flavin-based photopigment that detects UV and blue
light in its FAD oxidized and FADe- anionic semiquinone semi-reduced states and red light
in its FADHe neutral radical state?3-27. Drosophila CRY is expressed in a small number of
central brain arousal and circadian neurons and external photoreceptors?2:28-31, In contrast
to the rapid on/off electrophysiological light responses mediated by image forming opsins,
CRY photoactivation evokes rapid and very long-lasting (30—-40 sec) neuronal depolarization
and increased action potential firing in large ventral lateral neurons (I-LNvs)11:20-22 | Ny
CRY phototransduction mediates UV light avoidance behavior in flies!121:32, Recent
findings show An. gambiae mosquitoes are behaviorally photophobic to UV light, while
Ae. aegypti mosquitoes exhibit phototaxis to UV light33. We hypothesize that mosquito
species-specific light response behaviors are mediated by species-specific CRY isoforms,
considering that light intensity, spectral composition, circadian timing, and different light
input channels may also contribute to light-modulated behaviors. We are interested in
understanding the basis for these poorly understood light response behaviors for better
control of harmful disease-spreading insects.

Results

AeCRY1 and AgCRY1 expression does not determine diurnal/nocturnal behavior or the
time-of-day peak of the circadian clock in transgenic flies

Drosophila CRY (DmCRY) mediates light-induced degradation of TIM, thus resetting the
circadian clock and rhythms in flies?%34. Diurnal Ae. aeqypti mosquitoes and nocturnal

Curr Biol. Author manuscript; available in PMC 2023 September 12.
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An. gambiae mosquitoes show opposite phases of sleep/wake activity cycles and 12 hr
differences in their circadian clock peak phase33. To determine whether CRY expression

of day versus night active mosquitoes is sufficient to set the circadian clock to peak time,
we employ an established “empty neuron system” approach for interspecific transformation
for studying species-specific effects35-39. The I-LNvs do not drive circadian behavior on
their own as shown by mosaic analysis3°. We tested the effects of mosquito AeCRY1

and AgCRY1 expression in Drosophila by generating transgenic UAS-flies to express
CRY1 over a cry-nulf mutant fly background from Ae. aegypti (AeCRY 1) or An. gambiae
(AgCRY1) using the crypGAL4-24 driver to express in all cells that ordinarily express
CRY?36. The amino acid sequence comparison of DmCRY (positive control), AGQCRY1 and
AeCRY1 is shown in Figure S1. The N-terminal fusion of eGFP verifies protein expression
levels and shows all three CRY's with levels of expression less than an order of magnitude
difference (Figure S2). To test whether mosquito CRY1s determine the circadian clock peak,
TIM levels were measured at time points ZT5, ZT11, ZT17, and ZT23 in the lateral ventral
neuron (LNv) subgroup after at least three days of 12:12 hr Light:Dark (LD) entrainment,
and show peak signal at ZT23 and lowest signal at ZT5 and ZT11 for control DmCRY,
AeCRY1, and AgCRY 1 expressing transgenic flies (Figure 1A, B, C, D, E, F, G). AeCRY1
TIM values are almost two times higher than AgCRY 1 flies, suggesting that AeCRY 1 from
the day-active mosquito is less light sensitive than nocturnal AQCRY 1. Negative control
cry-null flies lacking CRY expression show a similar pattern of TIM cycling in the LNvs
(Figure 1H). CRY variant and TIM expression in the number of LNvs in the brain is shown
in Figure S3. Thus, AeCRY1 and AgCRY1 expression in flies does not disrupt the circadian
clock or determine the timing of the TIM peak.

AgCRY1 expressing flies show greater intensity-dependent light sensitivity than AeCRY1
expressing flies based on their comparative degree of arrhythmicity in an LL assay

Constant light (LL) evokes behavioral arrhythmicity while flies lacking functional CRY
maintain greater rhythmicity under LL2037, To determine the relative light sensitivities of
mosquito CRY1s, we tested locomotor rhythmicity after subjecting transgenic and cry-null
control flies to at least five days of intensity-tuned 12:12 hr LD entrainment, followed

by at least five days of LL white light at high (1000 lux) or low (1 lux) intensity.

DmCRY expressing flies become highly arrhythmic in high intensity LL (Figure 2A)

and negative control cry-nullflies maintain a high level of rhythmicity in all LL light
conditions, confirming the absence of functional CRY (Figure 2D, Figure 3D). AeCRY1
expressing flies are partially arrhythmic in high and low intensity LL, showing higher
rhythmicity than DmCRY expressing flies, but significantly less rhythmicity than cry-null
flies, suggesting AeCRY1 is functional but less light sensitive by this measure (Figure 2B,
Figure 3B). AgQCRY1 flies exhibit significantly less rhythmicity in high intensity LL relative
to AeCRY1 flies, showing greater light sensitivity of AGCRY1 compared to AeCRY1
(Figure 2C, E). AgCRY 1 expressing flies exhibit arrhythmicity in response to high intensity
LL that is indistinguishable to DmCRY expressing flies (Figure 2E), but maintain detectable
rhythmicity in low intensity LL (Figure 3C).

Unexpectedly, both AGCRY1 and AeCRY 1 flies die in progressively greater numbers when
exposed to prolonged high intensity 1000 lux white light LL compared to DmCRY and
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cry-nulf groups. AQCRY 1 show the highest mortality after seven days of LL (Figures 2F-H).
At low intensity 1 lux LL, AgCRY1 and AeCRY1 flies also exhibit higher mortality after
prolonged LL exposure (Figures 3F-H). AQCRY1 flies exhibit significantly higher mortality
in 1000 lux LL at day 7 relative to 1 lux LL at day 7, showing that LL mortality is a
function of light intensity (Figure 2H, Figure 3H). This phenomenon may be related to CRY
mediated modulation of lifespan in aged flies38. Diurnal AeCRY1 expressing flies are less
light sensitive than nocturnal AgQCRY1 expressing flies by the LL mortality assay. Thus

the relative light sensitivities of mosquito CRY 1s may contribute to the very strong light
avoidance seen in nocturnal mosquitoes33,

AgCRY1 mediates more robust cell autonomous electrophysiological responses to short-
wavelength and red light than AeCRY1

Drosophila LNvs are circadian/arousal neurons that drive CRY-dependent
photoavoidancel217.20.21.32 As nocturnal mosquitoes exhibit strong short wavelength
photoavoidance33, we tested the hypothesis that nocturnal mosquito AGCRY 1 confers

cell autonomous greater electrophysiological responsiveness to 365 nm UV light than
diurnal AeCRY1. We expressed AeCRY1, AgCRY1, and control DmCRY in the cry-null
genetic background flies using the pdfGAL4 driver line to restrict expression to the LNvs,
then compared electrophysiological responses to 365 nm UV light over a four order of
magnitude intensity range (200 pW/cm2, 20 uyW/cm?, 2 uW/cm? and 0.2 pW/cm?) measured
by whole-cell patch-clamp recordings of I-LNvs in transgenic flies. Drosophilaeye and
head cuticles are >85% and 50% transparent respectively to 365 nm UV light?2. DmCRY
expressing I-LNvs show robust light evoked increases in firing frequency (FF) at 200, 20,

2 and 0.2 pW/cm? light intensities (Figure 4A). AQCRY1 UV light evoked FF increases

are significantly higher than stimulus intensity matched AeCRY1 UV light evoked FFs

at 200 uW/cm2, 2 pW/cm?, and 0.2 pW/cm? (Figure 4A), thus AgCRY 1 consistently
exhibits higher electrophysiological light sensitivity relative to AeCRY1. While DmCRY
UV light evoked FFs are higher than either mosquito CRY1, comparing the absolute
performances of native versus heterologously expressed CRY proteins is interpretationally
questionable?’:3940, Representative I-LNv patch clamp voltage traces depicting 1-minute
raw action potential firing data in response to 365 nm UV light stimulus at 200 pW/cm? are
shown in Figure S5.

The relationship between light onset and the timing of the first light evoked action potential
is not kinetically robust22. We developed a kinetically robust CRY mediated light evoked
potential method?9:22 ysing signal averaging of multiple current-clamp recordings. Control
DmCRY light evoked responses increase sharply during and immediately after the UV light
pulse for all four UV light intensities tested (200 pW/cm2, 20 uW/cm?, 2 pW/cm?2, and

0.2 pwW/cm?), followed by intensity-dependent monotonically decreasing levels of sustained
responses over tens of seconds post light stimulus (Figure 4B, D, F, and H). In contrast, very
weak or absent UV light responses are seen for evoked potential recordings from cry-nulls at
all light intensities tested (Figure 4B, D, F, and H) that are significantly less than DmCRY,
particularly during and several seconds after the 5 sec 200 uW/cm?2 UV light pulse (Figure
4B).

Curr Biol. Author manuscript; available in PMC 2023 September 12.
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AgCRY1 mediates remarkably sustained evoked potentials in response to the 200 pW/cm?
365 nm UV light stimulus, as seen up to 45 seconds after the cessation of the UV light
pulse (Figure 4C). 200 pW/cm?2 UV light evoked AgCRY1 potentials show significantly
higher magnitude evoked increases in membrane potential than AeCRY1 at nearly all time
points after the light pulse, statistically calculated using FDR adjustment for which p < 0.1
indicates significance (Figure 4C). The 200 pW/cm?2 UV light evoked AeCRY 1 potential
after the cessation of light is sustained, but significantly less than that for AQCRY 1. Similar
results are seen for all lower stimulus intensities: AGCRY1 UV light evoked responses tend
to be significantly higher than AeCRY 1 recorded following 20 pW/cm?, 2 uyW/cm?, and 0.2
HW/cm? 365 nm UV light stimulus (Figure 4E, G and ). Thus, cell autonomous AgCRY1
UV light evoked responses are significantly higher than those of AeCRY1 over a wide range
of light intensities. These results indicate that the greater light response of AQCRY1 over
AeCRY1 is likely due to intrinsic CRY molecular properties.

The LNv/circadian neural circuit networks in nocturnal Angpheles coluzziand diurnal
Aedes mosquitoes show similar and species specific features and share neuroanatomical
features with Drosophila33. To determine whether circuit-wide expression of mosquito
CRY1s confer distinguishable electrophysiological differences compared to expression
restricted to the LNvs, we used the crypGAL4-24 driver line that drives expression

in all CRY neurons. DmCRY expression via the crypGAL4-24 driver mediates robust
electrophysiological light responses in the I-LNvs that do not differ from endogenous wild
type CRY (Figure S4). DmCRY expression driven by the crypGAL4-24 driver mediates
robust and significant increases in FF in the I-LNvs in response to 200 pW/cm? UV

light relative to cry-nulf (blue column, Figure 5A). DmCRY expression restricted to LNvs
also mediates robust and significant increases in FF in the I-LNvs in response to 200
HW/cm?2 UV light relative to cry-null (light blue column, Figure 5A). AeCRY 1 expression
restricted to LNvs mediates little or no change in firing in response to 200 pW/cm?2 UV
light (light orange column, Figure 5A) and appears nearly identical to the lack of light
response under these conditions to cry-null (grey column, Figure 5A). Light responses
from crypGAL4-24 driven DmCRY, AeCRY1, and AgCRY 1 are significantly greater than
PAfGAL4 driven AeCRY1 (Figure 5A). AeCRY1 expressed in all CRY neurons, however,
does show a significant light evoked response compared to cry-nul/in response to 200
pW/cm?2 UV light (orange column, Figure 5A), perhaps due to a compounding effect of
CRY1 photoactivation in other clock neurons. In contrast, AQCRY1 expression restricted to
LNvs mediates significant increases in firing in response to 200 uW/cm?2 UV light (light
purple column, Figure 5A) relative to cry-null, but significantly less than the 200 uW/cm?
UV light response measured from transgenics that express DMCRY and AgCRY1 driven in
all CRY expressing neurons (blue and purple columns, respectively, Figure 5A). Comparing
the FF ratio during stimulus and several 10-second bins post-stimulus along with their
evoked potential profiles (Figure 5E, F, G), crypGAL4-24 driven DmCRY and pdfGAL4
driven AgCRY1 show a sustained response to UV light (Figure 5B, D, E, G), whereas
PAfGAL4 driven DmCRY, pdfGAL4 and crypGAL4-24driven AeCRY1, and crypGAL4-24
driven AgCRY1 rapidly return to baseline after stimulus (Figure 5C, D, F). The FF ratio
for crypGAL4-24 driven DmCRY is significantly higher than pdfGAL4 driven DmCRY and
cry-nulf up to the 10 second post-stimulus bin (Figure 5B). crypGAL4-24 driven AeCRY1

Curr Biol. Author manuscript; available in PMC 2023 September 12.
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UV light evoked FF is significantly higher than pdfGAL4 driven AeCRY1 UV light evoked
FF during stimulus and at the 30 second post-stimulus bin, but after FDR adjustment, only
shows significance during stimulus (Figure 5C). Both crypGAL4-24 driven AQCRY1 UV
light evoked FF and pdfGAL4 driven AgCRY1 UV light evoked FF are significantly greater
than cry-nul/but not relative to each other (Figure 5D).

Recordings from I-LNvs expressing DmCRY using the pdfGAL4 or crypGAL4-24 driver
show significantly greater UV light evoked potentials relative to the cry-null negative
control. The pdfGAL4 driven DmCRY membrane potential response rapidly returns to
baseline after stimulus, while the crypGAL4-24 driven DmCRY response sustains for
approximately 3040 seconds post-stimulus and remains significant compared to the cry-
null and the pdfGAL4 driven DmCRY responses (Figure 5E). Both the pdfGAL4 and
crypGAL4-24 driven AeCRY1 membrane potential UV light responses rapidly return to
baseline, but the crypGAL4-24 driven AeCRY 1 shows a greater and slightly more sustained
(2 seconds longer) response compared to the pdfGAL4 driven response (Figure 5F).
AgCRY1 generates sustained depolarized light responses when expressed by the pdfGAL4
driver line and a sustained and more rapid response when expressed in all CRY neurons
(light purple and purple traces, respectively, Figure 5G) as compared to cry-null evoked
responses (grey trace, Figure 5E). AQCRY 1 mediates cell-autonomous light responses in
the LNvs, while AeCRY 1 does not. The sustained AGCRY1 evoked response is another
feature of its greater light sensitivity than AeCRY1 (Figure 5F, G). All CRY's tested exhibit
higher magnitude and more sustained light evoked potentials when expressed broadly using
the crypGAL4-24 driver relative to LNV restricted expression by the pdfGAL4 driver.
Representative 1-minute I-LNv patch clamp voltage traces are shown in Figure S5 and S6.

Insects exhibit species-specific light attraction/avoidance behavioral responses over the
spectral range between ultraviolet to red?:14.20.21,32,33,41-45 gpactral absorption analysis

of in vitro purified DmCRY in the FAD oxidized and FADe- anionic semiquinone states
exhibit peaks around 365 and 450 nm that correspond to UV and blue 2346-48, However,

we recently demonstrated in ex vivo patch clamp recordings that DmCRY mediates
electrophysiological responses to red light (635 nm) that are absent in recordings made

from the brains of cry-null flies and wild type flies treated with the redox sensitive flavin
specific inhibitor diphenyleneiodonium (DP1)20. These results suggest that in situ DMCRY
in its native neuronal environment expresses the further reduced FADHe neutral semiquinone
state that exhibits red light absorption and biological activity?”. Diurnal Ae. aegypti female
mosquitoes show no differences between UV, blue or red-light attraction behavior during the
day, while nocturnal An. coluzzii female mosquitoes strongly avoid UV and blue light, but
are significantly attracted to red light during the day33. Ae. aegypti mosquitoes also exhibit
strong attraction and image discrimination towards red-colored objects as part of their
image-forming vision for prey detection’. To test the hypothesis that nocturnal AgCRY1

is red light responsive, but diurnal AeCRY1 is not, we expressed AGQCRY1, AeCRY1 and
DmCRY using the crypGAL4-24 driver, along with cry-nulfl controls and measured the
electrophysiological changes of I-LNvs in response to 200 uW/cm? red light stimulation

for all genotypes. Red light evokes significant increases in firing rate in flies expressing
AgCRY1 and flies expressing DmCRY relative to cry-null (Figure 6A). In contrast, AeCRY1
lacks a red light FF electrophysiological response and is significantly lower relative to

Curr Biol. Author manuscript; available in PMC 2023 September 12.
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AgCRY1 (Figure 6A, C). The red light evoked potential response of DmCRY is robust, with
a sharp spike in membrane potential at the onset of light that lasts 10 seconds that returns

to baseline rapidly (Figure 6B). Negative control cry-null flies completely lack a red light
response (Figure 6A, B, D). Comparing the FF ratio during stimulus and several 10-second
bins post-stimulus along with red light evoked potentials, we observed a rapid decay (<10
seconds) back to baseline for red light with DMCRY and AgCRY1 flies, and a lack of
sustained response for AeCRY1 and cry-null flies (Figure 6B-E). These results confirm and
extend findings showing that insect CRY1s /n situ are capable of biological responses to
red light. Representative 1-minute I-LNv patch clamp voltage traces are shown in Figure
S7. Blue and UV light pulses evoking long duration I-LNvs depolarization mediated by
DmCRY are associated with behavioral photoavoidance of UV light in flies and nocturnal
mosquitoes, while the much shorter duration red light evoked depolarization mediated by
AgCRY1 may code for behavioral phototaxis in Angpheline mosquitoes33.

Mosquito CRY1s confer species-specific and intensity-dependent behavioral attraction/
avoidance to UV light

Nocturnal mosquitoes exhibit strong daytime behavioral avoidance of UV light, while
diurnal mosquitoes exhibit strong daytime attraction to UV light33. To explore CRY1’s
potential role for conferring nocturnal versus diurnal mosquito species-specific light choice
behaviors, we performed a UV light choice behavioral assay with flies expressing DmCRY,
AgCRY1, AeCRY1 under the crypGAL4-24 promoter at three different light intensities. At
very low intensity 365 nm UV light (1 pW/cm?2) during the first 30 minutes of light choice
preference, all groups show no differences and are attracted to the very low intensity UV
light exposed side (Figure 7A). At moderately low-intensity UV light (10 pW/cm?), the
genotypes begin to diverge: DmCRY and diurnal AeCRY1 expressing flies prefer the light
exposed side and do not differ between each other (Figure 7B), but the nocturnal AQCRY 1
exhibit significant light avoidance to the 10 pW/cm?2 UV light exposed environment, with
approximately 50-60% of flies being in the shaded environment during daytime hours
(Figure 7B). At high-intensity UV light (400 uW/cm?2), AgCRY 1 flies increase avoidance
to the UV exposed environment and DmCRY flies shift to exhibit light avoidance behaviors
(Figure 7C). However, the AeCRY1 flies remain significantly attracted to the high intensity
UV light environment (Figure 7C). These results show a sensitivity threshold for UV light
avoidance response for AGCRY 1 flies at 10 pW/cm?, compared to the 400 pW/cm? threshold
for the UV light avoidance response for DmCRY flies as reported previously1:21:32, These
results are not due to differences in the number of LNvs in the brain that express CRY or
TIM (Figure S3). We integrated all mean activity starting at lights on through 30 minutes for
paired t-test analysis represented as bar graphs in D, E, F in Figure 7, showing significant
differences between AgCRY1 and AeCRY1 expressing flies at all light intensities tested.
The UV light intensity dependent divergence between AeCRY 1 and AgCRY1 expressing
flies for the light attraction/avoidance assay is highly consistent with the behavioral results
of the same assay testing diurnal and nocturnal mosquitoes and supports our hypothesis that
CRY photoreceptors mediate species-specific physiological and behavioral light responses.

Curr Biol. Author manuscript; available in PMC 2023 September 12.
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Discussion

These findings highlight CRY as a strong species-specific behavioral regulator of behavioral
light responses shown by a wide range of physiological and behavioral assays. Drosophila
CRY- and diurnal/nocturnal mosquito CRY 1- mediated behavioral light responses and
electrophysiological responses provide strong support for the idea that CRY mediates

light responses by species-specific mechanisms that have evolved to optimize survival by
time-of-day specific feeding, mating, and predatory avoidance behaviors. Ae. aegypti and
An. gambiae mosquitoes are active at 12 hr opposing times of the day33. Ae. aegypti

are aggressive daytime biters, while nocturnal An. Gambiae prefer to feed on defenseless
sleeping prey. Ae. aegypti mosquitoes are attracted to a wide range of light spectra during
the daytime, while An. gambiae mosquitoes specifically avoid short-wavelength light during
the day, but exhibit daytime attraction to red light. We conclude that CRY1 from nocturnal
An. gambiae exhibits greater light sensitivity than CRY1 from diurnal Ae. aegypti, and that
these functional differences contribute to their distinct species-specific light responses.

SUPPLEMENTAL INFORMATION
RESOURCE AVAILABILITY

Lead Contact—Further information and requests for resources and reagents should
be directed to and will be fulfilled by the Lead Contact, Prof. Todd C. Holmes
(tholmes@uci.edu)

Materials Availability—Upon publication, the UAS-DmCRY, UAS-AeCRY1 and UAS-
AgCRY 1 transgenic Drosophila will be deposited at the Bloomington Stock Center, further
information and requests for resources should be directed to the Lead Contact.

Data and Code Availability

. Original data is available upon request to the corresponding author.

. Code used for statistical analysis will be deposited to the UCI Center for Neural
Circuit Mapping website at https://cncm.som.uci.edu/

. Any additional information required to reanalyze the data reported in this paper
is available from the lead contact upon request.

Experimental Model and Subject Details

Drosophila maintenance: Fruit flies D. melanogaster were raised on standard media
(yeast, cornmeal, agar) at 25+1 °C and 40-60% relative humidity in 12:12h light/dark
cycles. All flies used in experiments were backcrossed for six generations to the w1118
genetic background. Detailed information on fly crosses is indicated in the relevant Method
Details. All behavioral experiments used 3-4-day old flies. For strain details please see Key
Resources Table.

Curr Biol. Author manuscript; available in PMC 2023 September 12.
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METHOD DETAILS

Experimental animals—We created synthetic DNA constructs (Genscript) using a
pJFRC7 vector containing the full Drosophila cryptochrome sequence, in frame with

eGFP (Addgene). Generation of constructs containing cryptochrome 1 from An. gambiae
(Ag) and Ae. aegypti (Ae) in frame with eGFP were also performed this way. DmCRY-
eGFP, AgCRY1-eGFP, and AeCRY1-eGFP constructs using the pJFRC7 vector allow for

a controlled insertion into the same genomic location via a specific PhiC31 genomic

site. The synthetic DNA constructs containing each cryptochrome-eGFP variant were
injected into fly embryos, reared, then screened for eye color as evidence of successful
transgenesis. Resultant transgenic flies were isogenized by backcrossing with w1118 flies
for a minimum of 6 generations. The following primers were designed to genotype-verify
successful transgene insertion: AeCRY1 Forward: CGA GAA AGT GCA GGC CAA CAA
TC, AeCRY1 Reverse: GT TCT TCA ACT CCG GCA GAT ATC, AgCRY1 Forward:
CAG CCA GTT CAAGTA TCC GG, and AgCRY1 Reverse: CGG TTC GTG CAC

AAA CTG TG. For quality control, DNA constructs were sequenced before embryonic
insertion and gDNA from transgenic flies after embryonic insertion (GeneWiz). All vectors
were injected into Drosophila embryos (BestGene) to generate the UAS-eGFP-DMCRY,
UAS-eGFP-AgCRY1, and UAS-eGFP-AeCRY 1 transgenic flies. Each transgenic fly line
was crossed into a cry-null background (obtained from Jeff Hall, Brandeis University) and
again with a pdfGAL4 or crypGAL4-24flies to generate the final transgenic mutant lines
expressing DmCRY or mosquito CRY 1 under a pdf- or cry-driver in a cry-nul/background.

Immunocytochemistry—Flies were entrained at 12:12 hr LD conditions for 3-5 days
before males were separated and CO2 anesthetized for dissection. Dissections began
approximately 1 hour before each respective ZT timepoint (ZT5, 11, 17, 23). To minimize
introducing variance by circadian timing or experimental differences, all flies were entrained
and dissected at the same time and days. Dissections were carried out at the same time

for all genotypes tested and were repeated over 3 total experimental repeats. Brains were
dissected in chilled 1X PBS, fixed in 4% paraformaldehyde (PFA) for 30min, washed 3X
10min in PBS-Triton-X 1%, incubated in blocking buffer (10% Horse Serum-PBS-Triton-
X 0.5%) at room temperature before incubation with rabbit a-T1M, polyclonal (1:1,000)
antibodies overnight in 4°C. Brains were washed 3X 10min in PBS-Triton-X 0.5% then
incubated in goat a-rabbit-Alexa- 594 (1:1,000) secondary antibodies in blocking buffer
overnight in 4°C. Brains were washed 5X 15min in PBS-Triton-X 0.5% before mounting
in Vectashield mounting media (Vector Laboratories). Microscopy was performed using a
Leica SP8 confocal microscope.

Locomotor Activity Behavior Assay—For our constant light behavior experiments, we
used an adapted fly locomotor activity protocol®>56. Adult male flies were selected at 2-4
days post-eclosion then loaded in individual locomotor activity tubes. Locomotor activity

of individual flies was measured using the TriKinetics Locomotor Activity Monitoring
System via infrared beam-crossing recording total crosses in 30 min bins. Flies were initially
entrained in 12:12 hr light:dark (LD) condition for 7 days, then they were exposed to 7

days of constant light (LL) conditions. Actograms were generated using Clocklab software.
Average activity eduction graphs and its statistics were measured using FaasX software,
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then graphed using Microsoft Excel. Within FaasX, the CycleP analysis toolkit was used
to calculate tau (<), rhythm power, and period width via periodogram analysis with the
following scoring criteria for flies in LL: minimum power > 20, minimum width (h) = 2,
Chi-square significance = 0.05. Data are reported as approximations of means.

Light-Evoked Neuronal Electrophysiology—Electrophysiology whole-cell current-
clamp recordings were carried out from previously established and adapted protocolsZ°.
Adult male (3-5 days post-eclosion) fly brains were dissected in external recording solution.
I-LNvs were subjected to whole-cell current-clamp with external solution: 122mM NacCl,
3mM KClI, 1.8mM CaCl2, 0.8mM MgCl2, 5mM glucose, 10mM HEPES, 7.2 pH, and
250-255mOsm; internal solution: 102mM Kgluconate, 17mM NaCl, 0.085mM CaClz2,
1.7mM MgCI2 (hexahydrate), 8.5mM HEPES, 0.94mM EGTA, 7.2pH, and 232-235mOsm.
Custom-ordered multichannel LED source (Prizmatix/Stanford Photonics, Palo Alto, CA)
fitted to the Olympus BX51 WI microscope was used for all optics using electrophysiology
recordings. LED peak wavelengths are as follows: UV (365 nm) blue (450 nm), and red
(635 nm), and all exposures were set to intensity of 200 pW/cm2. Lower light intensities
(20, 2, 0.2 uW/cm2) were adjusted using GamColor CineFilter 1516 .6 neutral density filters
placed against the light source. Light intensities were determined by a Newport 842-PE
Power/Energy meter. Each LED was triggered on and off for each sweep with TTL pulses
programmed by pClamp (Molecular Dynamics) data acquisition software. Each color pulse
was 5 seconds long. Each light pulse was preceded by minimum 50 second pre-pulse dark
baseline, and there was 95 second inter-pulse intervals between each light exposure from
there on, with 5-10 times of each color exposed per cell. All sweeps containing each

light exposure recordings were averaged, and baseline was adjusted to pre-pulse signal.
Furthermore, Gaussian and Butterworth filters were applied to the averaged signals using the
ClampFit 10 software (Molecular Dynamics). The light evoked potential protocol collects
individual baseline pre-stimulus recordings of membrane potential in current clamp mode
and during the 5 second LED light stimulus, followed by 45-90 seconds of post light
stimulus recording of membrane potential. The light pulse is repeated multiple times and

all individual recordings for a given genotype and light stimulus are time locked to the

light pulse duration, then averaged to capture averaged light evoked changes in membrane
potential measured in millivolts 2922, thus providing a kinetically robust light evoked
potential.

UV Light Attraction/Avoidance Behavior Assay—Standard LD light choice assays
were conducted from previously established and adapted protocols2L. The locomotor activity
of individual flies was measured using the TriKinetics Locomotor Activity Monitoring
System via infrared beam-crossing, recording total crosses in 1-min bins. Percentage activity
and statistics were measured using Microsoft Excel. Philips TL-D Blacklight UV source
with a narrow peak wavelength of 365 nm and intensity of 400 pW/cm2 was used for high
intensity, and 10 pW/cm2 was used for low intensity by using neutral-density filters.

Confocal microscopy and Image processing—Brains were imaged with Leica SP8
confocal microscope. Images were quantified with ImageJ by selecting all regions of
CRY-expressing/GFP-positive neurons for crypGAL4-24 driven transgenic flies, or PDF-
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expressing/GFP-positive neurons for pdfGAL4 driven transgenic flies. Maximum intensity
projections were created using the Z stack tool between the image slices corresponding

to the brain. Fluorescence from each brain were calculated by normalizing the mean
intensities of the neurons against the background region of the brain. Only TIM fluorescence
was quantified for the cry-null negative control flies, because there was no clear GFP
expression to be able to identify those neurons. All images are adjusted for clarity with
+40% Brightness and —20% Contrast from the original images.

Protein Sequence Alignment—~Protein BLAST comparison in Figure S1 was generated
by using FASTA sequences obtained from NCBI Protein Database for DMCRY (Accession:
NP_732407), AQCRY1 (Accession: ABB29886), and AeCRY1 (Accession: Q17DK5).
Sequences were aligned using a third party T-coffee multiple alignment tool (https://
tcoffee.crg.eu/apps/tcoffee/do:regular) and color formatted using a BoxShade toolkit (https://
www.ch.embnet.org/software/BOX_form.html).

QUANTIFICATION AND STATISTICAL ANALYSIS

Data are presented as mean + SEM. Values of n refer to the total number of tested flies.

In all cases, the n values were obtained from at least three separate experiments. Firing
frequency data are reported as a ratio of spike events occurring during the 5 seconds of
lights on/average spike events in the preceding 50 seconds binned in 10 second increments.
Light-evoked increases of FF are significantly greater than the baseline FF ratio of 1.

This was done to normalize across individual preparations. Statistical tests were performed
using Minitab, Matlab, and Microsoft Excel software. Data were established as normally
distributed through Anderson-Darling normality tests. For pairwise comparisons: F-tests
were used to determine equal or unequal variance for normally distributed data, and
one-tailed T-tests were used to determine significance between groups. Otherwise, for
nonparametric data Mann-Whitney U-tests were run to determine significance between
groups. For multi-group comparison: Barlett’s test was used on normally distributed data
and the Brown-Forsythe test was used on nonnormally distributed data to determine
equivalence of variance. Significance within normally distributed data having equal variance
was determined with one-way ANOVA and post-hoc Tukey test analysis, whereas Games-
Howell was run for post-hoc analysis on data with unequal variance. Nonparametric tests
to determine significance for data with equal and unequal variance was determined with
Kruskal-Wallis one-way analysis of variance and post-hoc analysis using Dunn’s test.
Firing frequency analysis on electrophysiological recordings were performed using a custom
Matlab script. To ensure Type | errors, i.e., false positives, are not inflated by the multiple
comparisons, we computed the adjusted p-values based on an approach that controls the
false discovery rate (FDR®"). A commonly used threshold 0.1 indicates that among the
ones reported significant, the expected proportion of false positives is no greater than 10%.
Membrane potential statistical analysis was simplified by binning each timepoint into 1
second average signal responses, then performing the appropriate statistical tests/post-hoc
analyses based on normal distribution and equivalence of variance for each individual
timepoint. These calculations were streamlined using custom Matlab scripts and excel
spreadsheet.
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Highlights
. Nocturnal Angpheles gambiae and diurnal Aedes aegypti express light active
CRY1s
. An.gambiae CRY 1 shows greater behavioral light responses than Ae.aegypti
CRY1
. Greater An.gambiae CRY 1 electrophysiological light responses than
Ae.aeqypti CRY 1
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Figure 1. AeCRY1 and AgCRY1 expression does not disrupt the peak time of the circadian clock
in transgenic flies
Immunocytochemistry average fluorescent value of TIM expression over 12:12 hr LD at ZT

5,11, 17, and 23 timepoints in LNvs expressing (A, B) DmCRY with representative image,
(C, D) AeCRY1 with representative image, (E, F) AQCRY1 with representative image over
cry-nullbackground, and (G, H) negative control cry-null. All representative images are at
ZT 23, have a 100-micron scale bar for reference, and have been modified for clarity with
40% brightness and —20% contrast. Data are represented as mean + SEM. * p<0.05, **p <
0.005, ***p < 0.001. See also Figures S2 and S3.
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Figure 2. AGCRY1 and control DmCRY expressing flies are arrhythmic in high intensity
constant light (1000 lux LL), AeCRY1 expressing flies are partial arrhythmic and cry-null flies

remain rhythmic in LL

(A-D) Actograms plots containing 5 days of 12:12 hr LD entrainment followed by

5 days of high intensity constant light (1000 lux LL) conditions for flies expressing:

(A) DMCRY (n=114; t3,¢%25.2, pPOWer,g~51.0, widthayg~3.4), (B) AeCRY1 (n=114;
Tavg¥25.4, POWer,,g~47.6, widthy,g¥4.2), (C) AGCRY1 (n=106; tayg~25.1, power,yg~34.4,
widthayg~2.4), (D) cry-null (n=118; t5,g~25.1, POWera,q~67.4, widthayg~3.6). (E)
Quantification of fly rhythmicity (orange) to arrhythmicity (grey) in LL. (F-H) Fly survival
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plots over an extended 7-day period of high intensity LL exposure: (F) Bar charts of the
average survival percentage at days 1, 3, 5, and 7 in LL of DmCRY (blue) vs AeCRY1
(orange) vs cry-null (grey) groups. (G) Bar charts of the average survival percentage at

days 1, 3,5,and 7 in LL of DmCRY vs AgCRY1 (purple) vs cry-null groups. (H) Line

plot summary of LL survivability for both AeCRY1 and AgCRY 1 groups compared with
DmCRY and cry-null. Data are represented as mean £ SEM. *p < 0.05, **p < 0.005, ***p <
0.001.
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Figure 3. AeCRY1 and control DmCRY expressing flies are partial arrhythmic in low intensity
constant light (1 lux LL), AGCRY1 and cry-null flies remain highly rhythmic in LL

(A-D) Actograms plots containing 5 days of 12:12 hr LD entrainment followed by 5 days
of low intensity constant light (1 lux LL) conditions for flies expressing: (A) DmCRY
(N=118; T4yg~24.9, powerg,q~62.5, width,yg~3.2), (B) AeCRY1 (n=119; t4,4~26.0,
POWer,yg~118.0, Width,yg~5.6), (C) AQCRY1 (n=109; t4,4~26.0, powerg,q~68.0,
widthayg~4.3), (D) cry-null (n=122; t5,4~25.2, powerg,q~109.8, widthgyg~5.2). (E)
Quantification of fly rhythmicity (orange) to arrhythmicity (grey) in LL. (F-H) Fly survival
plots over an extended 7-day period of low intensity LL exposure: (F) Bar charts of the
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average survival percentage at days 1, 3, 5, and 7 in LL of DmCRY (blue) vs AeCRY1
(orange) vs cry-null (grey) groups. (G) Bar charts of the average survival percentage at days
1,3,5,and 7 in LL of DmCRY vs AgCRY1 (purple) vs cry-null groups. (H) Line plot
summary of LL survivability of both AeCRY1 and AgCRY1 groups compared with DmCRY
and cry-null. Data are represented as mean + SEM. *p < 0.05, **p < 0.005, ***p < 0.001.
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Figure 4. Transgenic PDF+ Drosophila Neurons Expressing either AeCRY1 or AGCRY1 Show
Intensity-Dependent Light-Evoked Excitation to UV Light

(A) pdfGAL4driven DmCRY (light blue) and cry-null (grey) comparison of AeCRY1
(light orange) and AgCRY1 (light purple) expressing I-LNvs FF upon five seconds of
UV (365 nm) light exposure over 50 seconds of baseline FF at varying intensities light
intensities of 200 (solid color), 20 (crisscrossed pattern), 2 (checkered pattern), and 0.2
(diagonally striped pattern) pW/cm?. Black * indicates p < 0.05 for comparisons against
DmCRY/pdf. Black 4 indicates p < 0.05 for comparisons against cry-null. Light blue

* indicates FDR adjusted p < 0.1 for comparisons against DmCRY/pdf. Light orange x
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indicates FDR adjusted p < 0.1 for comparisons against AeCRY 1/pdf. Light purple +
indicates FDR adjusted p < 0.1 for comparisons against AQCRY 1/pdf. (B-1) Light-evoked
change in membrane potential at: 200 pW/cm?2 UV stimulus for (B) DmCRY (light blue,
n=9) vs cry-null (grey, n=6) and (C) AeCRY1 (light orange, n=10) vs AgCRY 1 (light purple,
n=9); 20 pW/cm?2 UV stimulus for (D) DMCRY (n=8) vs cry-nul/ (n=6) and (E) AeCRY1
(n=10) vs AgCRY1 (n=9); 2 pW/cm?2 UV stimulus for (F) DmCRY (n=8) vs cry-null (n=6)
and (G) AeCRY1 (n=10) vs AgCRY1 (n=8); and 0.2 uW/cm? UV stimulus for (H) DmCRY
(n=8) vs cry-null (n=5) and (1) AeCRY1 (n=10) vs AgCRY1 (n=8). Purple bar on membrane
potential plots indicates the timing of the 5 seconds of UV-light stimuli and black scale-bar
indicates 5 seconds. Traces represent the average last 60 seconds of each recording. Red *
indicates FDR adjusted p < 0.1 between DmCRY/pdf and cry-null. Red x indicates FDR
adjusted p < 0.1 between AeCRY 1/pdf and DmCRY/pdf. Red + indicates FDR adjusted

p < 0.1 between AgCRY 1/pdf and DmCRY/pdf. Red A indicates FDR adjusted p < 0.1
between AgCRY 1/pdf and AeCRY 1/pdf. Red M indicates FDR adjusted p < 0.1 between
AgCRY 1/pdf and cry-null. Red @ indicates FDR adjusted p < 0.1 between AeCRY 1/pdf and
cry-null. Data are represented as mean + SEM. For black significance symbols: One symbol;
p < 0.05, two symbols; p < 0.005, three symbols; p < 0.001. For colored significance
symbols: One symbol; p < 0.1, two symbols; p < 0.05, three symbols; p < 0.01. See also
Figure S5.
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Figure 5. AeCRY1 and AgCRY1 mediate electrophysiological responses to short-wavelength UV

light

Light-evoked (A) FF ratio, (B-D) post-stimulus FF, and (E-G) membrane potential responses
to UV light stimulus (5 seconds, 365 nm, 200 uW/cm?) of I-LNvs expressing: (A, B, E)
DmCRY (blue, crypGAL4-24 (n=19); light blue, pdfGAL4 (n=12); grey, cry-null (n=19)),
(A, C, F) AeCRY1 (orange, crypGAL4-24 (n=11); light orange, pdfGAL4 (n=10)), and

(A, D, G) AgCRY1 (purple, crypGAL4-24 (n=8); light purple, pdfGAL4 (n=9)) driven by
crypGAL4-24versus pdfGAL4 drivers over a cry-nullbackground. (E-G) Purple bar on
membrane potential plots indicates the timing of the 5 seconds of UV-light stimuli and
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black scale-bar indicates 5 seconds. Traces represent the average last 60 seconds of each
recording. (A) Red * indicates FDR adjusted p < 0.1 compared to DmCRY/cry24. Red x
indicates FDR adjusted p < 0.1 compared against AeCRY1/cry24. Red + indicates FDR
adjusted p < 0.1 compared to AGCRY 1/cry24. Light red * indicates FDR adjusted p <

0.1 compared to DmCRY/pdf. Light red + indicates FDR adjusted p < 0.1 compared to
AgCRY1/pdf. (B-G): Black * indicates p < 0.05 between DmCRY/cry24 and cry-null. Black
M indicates p < 0.05 between AgCRY1/cry24 and cry-null. Red * indicates FDR adjusted p
< 0.1 between DmCRY/cry24 and cry-null. Red B indicates FDR adjusted p < 0.1 between
AgCRY l/cry24 and cry-null. Red @ indicates FDR adjusted p < 0.1 between AeCRY1/
cry24 and cry-null. Light red * indicates FDR adjusted p < 0.1 between DmCRY /pdf

and cry-null. Light red B indicates FDR adjusted p < 0.1 between AgCRY 1/pdf and
cry-null. Light red @ indicates FDR adjusted p < 0.1 between AeCRY 1/pdf and cry-null.
Blue — indicates FDR adjusted p < 0.1 between DmCRY/cry24 and DmCRY/pdf. Orange
- indicates FDR adjusted p < 0.1 between AeCRY 1/cry24 and AeCRY 1/pdf. Purple -
indicates FDR adjusted p < 0.1 between AgCRY1/cry24 and AgCRY 1/pdf. Data are
represented as mean + SEM. For black significance symbols: One symbol; p < 0.05, two
symbols; p < 0.005, three symbols; p < 0.001. For colored significance symbols: One
symbol; p 0.1, two symbols; p < 0.05, three symbols; p < 0.01. See also Figures S4, S5,
and S6.
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Figure 6. AgQCRY1 elicits a strong and robust red-light response, while AeCRY1 does not
Light-evoked (A) FF ratio, (B, C) post-stimulus FF, and (D, E) membrane potential

comparison of red-light (635 nm, 200 uW/cm?) excited I-LNvs expressing: (A, B, D)
DmCRY (blue, n=24) and negative control cry-null (grey, n=15), (A, C, E) AeCRY1
(orange, n=11) and AgCRY1 (purple, n=14). (D, E) Red bar on membrane potential plots
indicates the timing of the 5 seconds of red-light stimuli and black scale-bar indicates 5
seconds. Traces represent the average last 60 seconds of each recording. (A-E) Black x
indicates p < 0.05 between AeCRY 1/cry24 and DmCRY/cry24. Black A indicates p < 0.05
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between AgCRY1/cry24 and AeCRY 1/cry24. Black M indicates p < 0.05 between AgCRY1/
cry24 and cry-null. Black @ indicates p < 0.05 between AeCRY1/cry24 and cry-null. Red

* indicates FDR adjusted p < 0.1 between DmCRY/cry24 and cry-null. Red A indicates
FDR adjusted p < 0.1 between AgCRY 1/cry24 and AeCRY 1/cry24. Red M indicates FDR
adjusted p < 0.1 between AgCRY1/cry24 and cry-null. Data are represented as mean +
SEM. For black significance symbols: One symbol; p < 0.05, two symbols; p < 0.005, three
symbols; p < 0.001. For colored significance symbols: One symbol; p < 0.1, two symbols; p
< 0.05, three symbols; p < 0.01. See also Figure S7.
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Figure 7. Mosquito CRY 1s confer species-specific and intensity-dependent behavioral attraction
and avoidance to UV light

(A-C) UV attraction/avoidance behavior is measured by % activity in a dark shaded
environment versus (A) very low-intensity (1 pW/cm?2), (B) moderately low-intensity (10
HW/cm2), and (C) high-intensity (400 pW/cm?2) UV-exposed environments (365 nm) during
the light phase of a standard 12:12 hr LD cycle. Preference is calculated by percentage of
activity in each environment over total activity for each time bin. (A) DmCRY (blue, n=76)
vs. diurnal AeCRY1 (orange, n=65) vs. nocturnal AQCRY1 (purple, n=65) expressing flies
show a strong attraction to very low-intensity (1 pW/cm?2) UV light in the first 30 minutes of
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UV light exposure. (B) Daytime-active DmCRY (blue, n=76) and AeCRY1 (orange, n=76)
flies show a maintained, slightly stronger attraction to low-intensity (10 uW/cm?2) UV light
in the first 30 minutes of UV light exposure, whereas nocturnal AGCRY1 (purple, n=78)
expressing flies show a fast, strong negative phototaxis after a few minutes of UV light
exposure. (C) DmCRY (blue, n=73) and AgCRY1 (purple, n=72) expressing flies show a
strong and very fast negative phototaxis to high-intensity (400 pW/cm?2) UV light in the
first couple minutes of UV light exposure, whereas diurnal AeCRY1 (orange, n=63) remain
strongly attracted to the UV environment. All plots are shown from ZT 0-30 min in 1-min
bins. (D-F) Quantified mean % activity of flies in UV environment across the first 30
minutes for (D) very low-intensity, (E) moderately low-intensity, and (F) high-intensity UV
light environments. Black + indicates p < 0.05 between AgCRY1/cry24 and DmCRY/cry24.
Black x indicates p < 0.05 between AeCRY 1/cry24 and DmCRY/cry24. Black A indicates p
< 0.05 between AgCRY1/cry24 and AeCRY 1/cry24. Data are represented as mean = SEM.
One significance symbol; p < 0.05, two significance symbols; p < 0.005, three significance
symbols; p <0.001.
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REAGENT or RESOURCE SOURCE IDENTIFIER
Antibodies
Goat anti-mouse Alexa Fluor 488 Invitrogen Cat# A-11001; RRID: AB_2534069
Goat anti-rabbit Alexa Fluor 594 Invitrogen Cat# A-11037; RRID: AB_2534095
Rabbit anti-TIM, polyclonal Amita Seghal, University of N/A
Pennsylvania
Chemicals, peptides, and recombinant proteins
Paraformaldehyde Alfa Aesar/Fisher Scientific Cat# AA433689L
Triton-X Fisher Scientific Cati# T8787
PBS VWR International Cat# 12001-766

Horse Serum

Fisher Scientific

Cat# MT35030CV

cry0I)

Glycerol Fisher Scientific Cat# G33-500
Kgluconate Alfa Aesar/Fisher Scientific Cat# B2513518
NaCl Alfa Aesar/Fisher Scientific Cat# S271-500
CaCl2 Alfa Aesar/Fisher Scientific Cat# L1319130
MgCI2-6H20 Alfa Aesar/Fisher Scientific Cat# NC0944617
HEPES Alfa Aesar/Fisher Scientific Cat# 61034RO
EGTA RPI Cat# E57060
KClI Alfa Aesar/Fisher Scientific Cat# 2210914
MgCI2 Alfa Aesar/Fisher Scientific Cat# 3570709
Glucose Alfa Aesar/Fisher Scientific Cat# 388190010
Deposited data

Raw and analyzed data This paper

Experimental models: Organisms/strains

Drosophila (crypGAL4-24; UAS-DmCRY-eGFP; 20 N/A

cry0I)

Drosophila (crypGAL4-24; UAS-AeCRY1-eGFP,; | This paper N/A

cry0I)

Drosophila (crypGAL4-24; UAS-AgCRY1-eGFP, | This paper N/A

cry0I)

Drosophila (pdfGAL4, UAS-AeCRY1-eGFP, This paper N/A

cry0I)

Drosophila (pdfGAL4;, UAS-AgCRY1-eGFP, This paper N/A

Drosophila (w1118;+; cry01)

Jeff Hall, Brandeis University

RRID:BDSC_86267

Oligonucleotides

Primer: AeCRY1 Forward: CGA GAA AGT GCA
GGC CAA CAA TC Reverse: GT TCT TCA ACT
CCG GCA GAT ATC

This paper

N/A

Curr Biol. Author manuscript; available in PMC 2023 September 12.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Au et al.

Page 31

REAGENT or RESOURCE SOURCE IDENTIFIER

Primer: AgCRY1 Forward: CAG CCA GTT CAA | This paper N/A

GTA TCC GG Reverse: CGG TTC GTG CAC

AAACTG TG

Recombinant DNA

Xhol-eGFP-LoxP-linkers-AgCry1-CDS-Xbal Genscript N/A

2,428

Xhol-eGFP-LoxP-linkers-AeCry1-CDS- Genscript N/A

Xbal_pJFRC7

Software and algorithms

ImageJ Fiji https://imagej.nih.gov/ij/

MATLAB Mathworks https://www.mathworks.com/products/matlab.html

Microsoft Excel Microsoft https://www.microsoft.com/en-us/microsoft-365/
microsoft-office

Minitab Statistical Software Minitab https://www.minitab.com/en-us/

Axon pCLAMP 10.3.2.1/Clampfit 10.7.0

Molecular Devices

https://support.moleculardevices.com/s/article/Axon-
pCLAMP-10-Electrophysiology-Data-Acquisition-
Analysis-Software-Download-Page

DAMSystem311/DAMFileScan113 Trikinetics https://www.trikinetics.com/

FaasX NeuroPSI https://neuropsi.cnrs.fr/en/departments/cnn/group-
leader-francois-rouyer/

ClockLab ActiMetrics https://actimetrics.com/products/clocklab/

Other

Pyrex glass tubes Trikinetics Cat# PGT25x125

Locomotor Activity Monitors Trikinetics N/A

UV light Philips Cat# TL-D/08

Light Meter Newport Cat# 843-R

Light Sensor Newport Cat# 818-UV

Neutral Density Filters GamColor CineFilter Cat# CL211

Incubators Percival Scientific Cat# DR-36VL
Micromanipulator WPI MP-225

Axon Digidata 1322A Axon Instruments 1322A

Leica SP8 UV/Visible Laster Confocal Leica TCS SP8
Quickchange 11 Agilent Cat# 200523
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