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MATERIALS AND METHODS

Flies

Flies were kept on standard cornmeal medium at 24 + 1 °C and 60% =+ 5% humidity on
a 12-h light:12-h dark cycle. Virgin female flies were collected shortly after eclosion
and kept in groups (10 flies/vial). Virgin female flies were divided into two groups when
they were 3-day old. One group was mated with males (10 virgin females + 10
males/vial) for 1 day and then transferred into fresh food until behavioral assays were
conducted. The other group was transferred into fresh food until assays were conducted.
Males were collected after eclosion and kept in groups (10 flies per vial) for 5 days
before experiments. Fly stocks used in the manuscript: yp/-SP ( a gift from William Ja,
Scripps Research Institute Florida); piwi”- mutants (piwil!//cyo (Bloomington #43637)
and piwil?/CyO ( Bloomington #43319)); SPR”- mutants (Bloomington #7708); elav-
GAL4 (Bloomington #25750); UAS-TBH RNAi (Bloomington #27667); TRH % (a gift
from David Anderson, California Institute of Technology); Tdc2-GAL4 (Bloomington
#9319); UAS-Octff2R RNAi (THU #3666). Mutant flies were back-crossed for 10
generations before the behavioral assays. For experiments involving the GAL4/UAS
binary system, controls that were genetically matched to the GAL4 and the UAS strains

were used, respectively.

DAMS-based locomotion assay

Briefly, individual 5-day-old flies were anesthetized by CO2 and transfer into 5 mm %



65 mm polycarbonate tubes (Trikinetics, USA) on Day 0. The tube was filled with 5%
sucrose (S) or 5% sucrose and 2% yeast extract (S+YE) at one end. The tubes were
capped with cotton wool in the other end. Then these tubes were inserted into DAM?2
monitors and assayed for 4 full days (Day 1 to Day 4). The assays were conducted in

environment-controlled incubators

Video recording-based locomotion assay

Individual mated female flies pre-fed with sucrose were transferred into the cylinder
behavioral chamber (50 mm X 120 mm). The inner surface of the chamber was
painted with Poly tetra fluoroethylene before experiments to keep flies from climbing.
A small food patch filled with sucrose (S) or sucrose plus yeast extract (S+YE) was
placed in the center of the chamber. Images were acquired by a camera on top of the
chamber with a 640 x 480 resolution every 3 seconds and further processed by a
custom computer program based on Pysolo to analyze the positions and moving
trajectories of the fly during the assay (11 h). Briefly, a square region (x-axis: 0-300
pixel, y-axis: 0-300 pixel) that contained the whole chamber area was cropped from
the raw images. The cropped images were then converted from RGB (R: 0-255, G: 0-
255, B: 0-255) to grey scale (L = R % 299/1000 + G x 587/1000 + B x 114/1000). The
pixel point (L value < 30) was considered to be a background noise. The location of
the k-means of points (L value > 30) was considered to be the fly’s pixel coordinate
and used to define the position as well as the moving trajectories of the flies. The

assays were conducted in environment-controlled incubators.
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Fig. S1. Protein deprivation induces a gradual increase in locomotion.

Normalized average daily midline crossing activity of flies assayed in the presence of
sucrose only (“S”, light orange), compared to those assayed in the presence of sucrose
plus yeast extract (“S+YE”, dark orange) (n = 49-53). The plot was calculated and re-
plotted based on Fig. 1b-c. Note that in Night 0, the activities of two groups of flies
were not significantly different from each other. Beginning from Day 1 to Day 4, the

differences gradually became more salient.
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Fig. S2. Protein deprivation does not affect flies’ survival.
The survival curves of flies assayed in the presence of sucrose only (“S”, light orange),
compared to those assayed in the presence of sucrose plus yeast extract (“S+YE”, dark

orange) (n = 49-53).
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Fig. S3. Protein deprivation induces reversible changes in locomotion.

(a) Average daily midline crossing activity of flies assayed in the presence of sucrose
only (S8, light orange), compared to those transferred from sucrose to sucrose plus
yeast extract (S>S+YE, dark orange). The arrow indicated the time of transfer. Note
that the activity of flies was normalized to those assayed in the presence of sucrose only
(n=43-62). (b) Average daily midline crossing activity of flies assayed in the presence
of sucrose plus yeast extract (S*YE->S+YE, dark orange), compared to those
transferred from sucrose plus yeast extract to sucrose only (S+YE—>S, dark orange).
The arrow indicated the time of transfer. Note that the activity of flies was normalized
to those assayed in the presence of sucrose plus yeast extract (n = 63-64). One-way
ANOVA was applied for statistical analysis. NS p>0.05, *p<0.05, **p<0.01,

*#%p<0.001, ****p<0.0001.
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Fig. S4. Protein deprivation still promotes locomotion on calorie-matched food.

Midline crossing activity in 30-minute bins (a) and average daily midline crossing
activity (b) of flies assayed in the presence of sucrose only (“S”, light orange),
compared to those assayed in the presence of sucrose plus yeast extract (“S+YE”, dark
orange) (n = 24-29). Note that in this experiment, two types of food were calorie-

matched, given that carbohydrates and proteins had similar calorie values per gram.
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Fig. SS. The SEM of flies’ spatial distributions in the video-recording locomotion
assays.

The SEM of the spatial distribution of protein-deprived Canton-S flies assayed in the
presence of sucrose (/eft) or sucrose plus yeast extract (right). The heat maps showed
the SEM of durations for flies to stay in each pixel. n = 13 (left) and 17 (right). For

mean value see Figure 1k.
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Fig. S6. Protein deprivation promotes protein-seeking behavior in mated female
flies.

Total duration on food (a), average duration for each food visit (b), and number of food
visits (¢) of protein-deprived Canton-S mated female flies in the presence of sucrose
(“S”, light orange) or sucrose plus yeast extract (“S+YE”, dark orange) (n = 13-17).
Students’ t-test was applied for statistical analysis. NS p>0.05, *p<0.05, **p<0.01,

**%p<0.001, ****p<0.0001.
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Fig. S7. The spatial distributions of protein-supplied flies in the video-recording
locomotion assays.

The spatial distribution (upper) and the SEM of the spatial distribution (lower) of
protein-supplied Canton-S flies assayed in the presence of sucrose (/eff) or sucrose plus
yeast extract (right). The heat maps showed the SEM of durations for flies to stay in

each pixel. n = 28 (leff) and 29 (right).
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Fig. S8. Protein-supplied flies do not exhibit protein-seeking behavior.

The total walking distance (a), on-food and off-food walking speed (b), total duration
on food (c¢), average duration for each food visit (d), and number of food visits (e) of
protein-supplied Canton-S mated female flies in the presence of sucrose (“S”, light
orange) or sucrose plus yeast extract (“S+YE”, dark orange) (n = 28-29). Students’ t-
test was applied for statistical analysis. NS p>0.05, *p<0.05, **p<0.01, ***p<0.001,

*HAxp<0.0001.
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Fig. S9. Protein-seeking behavior is blocked by neuronal knock-down of Octp2R
in mated female flies.

Average daily midline crossing activity of flies assayed in the presence of sucrose
only (“S”, light orange), compared to those assayed in the presence of sucrose plus
yeast extract (“S+YE”, dark orange) (n = 19-25). One-way ANOVA was applied for

statistical analysis. NS p>0.05, *p<0.05, **p<0.01, ***p<0.001, ****p<0.0001.



	Supplementary methods and figures.pdf
	Fig S1
	Fig S2
	Fig S3
	Fig S4
	Fig S5
	Fig S6
	Fig S7
	Fig S8
	Fig S9



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




