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ZT6

Fig. 4: Profound loss of sleep-wake cycles in BsxQ159K/Q159K male mice
Diagrams are shown as line graphs with mean and error bars (SEM) on the y-axis for wake time 
(min), respiratory exchange ratio (RER) and locomotion (total beam break counts) respectively 
and zeitgeber time (ZT) on the x-axis. Grey areas represent time when lights are off.
A)  Wake time of BsxWT/WT male mice (N=11) cycles as expected according to the circadian 
      12:12 h light-dark (LD) cycle. In contrast, BsxQ159K/Q159K male mice (N=15) do not show a
      difference in wake time between light and dark phase showing more wake time than their
      BsxWT/WT littermates during the light phase.
B)  Respiratory exchange ratio (RER) of BsxWT/WT male mice (N=11) follows the circadian
      12:12 h light-dark (LD) cycle with food available ad libitum (higher RER during the active

dark phase, indicating greater use of carbohydrates, lower RER during the light phase,
reflecting higher fat oxidation) as a result of their circadian feeding behaviour. In contrast,
BsxQ159K/Q159K male mice (N=15) reveal a rhythmic RER pattern that differs substantially 

    from their BsxWT/WT littermates and does not coincide with the 12:12 dark-light cycle
      revealing that the daily caloric intake of BsxQ159K/Q159K male mice has been substantially
      shifted to the light phase.
C)  Spontaneous locomotor activity of BsxWT/WT male mice (N=11) follows the circadian 
      12:12 h light-dark (LD) cycle with elevated locomotor activity as nocturnal animals during
      the dark phase. In contrast, BsxQ159K/Q159K male mice (N=15) do not change their
      spontaneous locomotor activity over a 24 h period.
D)  Wake time of BsxWT/WT male mice (N=4) cycles in constant darkness (DD). In contrast,
      BsxQ159K/Q159K male mice (N=7) do not show a difference in wake time between putative
      “light” and dark phase being more awake than their BsxWT/WT littermates during the “light”
      phase.
E)  Respiratory exchange ratio (RER) of BsxWT/WT male mice (N=4) displays circadian rhythmicity
      in DD with food available ad libitum. In contrast, BsxQ159K/Q159K male mice (N=7) show a 
    robust rhythmic RER pattern that differs substantially and appears to be “phase” shifted
     under DD relative to their BsxWT/WT littermates demonstrating a different timely caloric intake
      between the two genotypes.
F)  Spontaneous locomotor activity of BsxWT/WT male mice (N=4) follows circadian rhythmicity
      in DD. In contrast, BsxQ159K/Q159K male mice (N=7) do not change their spontaneous
      locomotor activity over a 24 h period under DD setting.

.CC-BY-NC-ND 4.0 International licenseperpetuity. It is made available under a
preprint (which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in 

The copyright holder for thisthis version posted December 9, 2025. ; https://doi.org/10.64898/2025.12.05.692520doi: bioRxiv preprint 

https://doi.org/10.64898/2025.12.05.692520
http://creativecommons.org/licenses/by-nc-nd/4.0/


ZT6

11:00ZT7 ZT11 ZT31 ZT35
0

20

40

60

0.7

0.8

0.9

1.0

1.1

FAA WT vs. Q159K WAKE

11:00ZT7 ZT11 ZT31 ZT35
0

5000

10000

15000

20000

Lo
co

m
ot

io
n

FAA WT vs. Q159K Locomotion

11:00ZT7 ZT11 ZT31 ZT35

0.7

0.9

1.1

R
E

R

FAA WT vs. Q159K RER

W
ak

e 
tim

e

Treier et al., Fig.5

C

B

A

Fig.5: BsxQ159K/Q159K male mice do not show food anticipatory activity (FAA)
Diagrams are shown as line graphs with mean and error bars (SEM) on the y-axis for 
wake time (min), respiratory exchange ratio (RER) and locomotion (total beam break 
counts) respectively and zeitgeber time (ZT) on the x-axis. Grey areas represent time 
when lights are off. Yellow areas represent time when food was available.
A)  BsxWT/WT male mice (N=6) increased their wake time about 2 hours before 
      food became available. In contrast, BsxQ159K/Q159K male mice (N=8)
      only increased their wake time upon feeding. 
B)  BsxWT/WT male mice (N=6) concomitantly increased their locomotor activity  
      before food became available. In contrast, BsxQ159K/Q159K male mice (N=8) barely
      increased their locomotor activity when food was presented. 
C)  Increase in locomotor activity in BsxWT/WT male mice did not lead to an increase 
      in RER, which was only observed in both genotypes once food was consumed. 
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ZT6

Fig.6: BSX network activity is required and sufficient for food-seeking behaviour
Diagrams are shown as line graphs with mean and error bars (SEM) on the y-axis for wake 
time (min) and locomotion (total beam break counts) respectively and zeitgeber time (ZT) on 
the x-axis. Grey areas represent time when lights are off.
A)  Acute prolonged food deprivation (FD) leads to increase of wake time during the 
      light phase of FD in BsxWT/WT male mice (N=8) and BsxQ159K/Q159K male mice (N=12)
      demonstrating that both genotypes are able to sense the metabolic state of food 
      deprivation. 
B)  Acute prolonged food deprivation leads to strong increase of locomotor activity during 
      the light phase in BsxWT/WT male mice (N=8) but not in BsxQ159K/Q159K male mice 
      (N=12)  demonstrating decoupling of metabolic state sensing and behavioural execution
      in BsxQ159K/Q159K male mice. 
C)  Application of CNO (0.5 mg/ml) through the drinking water to male mice that express
      hM3Dq in neurons of BSXWT lineage (N=4) maintain >36 h of wakefulness with

concomitant elevation of locomotor activity throughout the whole CNO application
period. 

D)  Application of CNO (0.5 mg/ml) through the drinking water to male mice that express 
      hM3Dq in neurons of BSXQ159K lineage (n=5) induce >36 h of wakefulness without 
      elevated locomotor activity during the light phase despite prolonged wakefulness over
      the CNO application period. 
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Fig. 7: Aged BsxQ159K/Q159K  mice maintain a lean body composition
A)  Body weight of BsxWT/WT male mice at 12 week (N=15) and 80 weeks (N=14) and
   BsxQ159K/Q159K male mice at 12 week (N=14) and 80 weeks (N=13) showing that only
  BsxWT/WT but not BsxQ159K/Q159K mice substantially gain weight while ageing. 
      Error bars indicate mean and SD.
B)  NMR measurements of body fat percentage of BsxWT/WT and BsxQ159K/Q159K male mice
    reveals that while body fat percentage nearly doubles in BsxWT/WT mice it remains
      unchanged in BsxQ159K/Q159K mice during ageing. Columns in A) and B) represent the
    same animals, respectively. Error bars indicate mean and SD. See also Suppl. Fig.7.
C)  Kaplan-Meier survival curves for BsxWT/WT (N=23) and BsxQ159K/Q159K (N=22) male mice
    are not significant different between the two genotypes (Unpaired t test, two-tailed 
      P-value: ns)
D)  Representative picture of BsxWT/WT and BsxQ159K/Q159K littermate male mice at 110 weeks
     of age reveals only hair greying in wild-type animal.
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Supplementary Figures
Treier et al., Fig. S1
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Fig. S1: Phenotypic appearance of C57BL/6J BsxQ159K/Q159K  mice
A)  Representative picture of littermate BsxWT/WT male and BsxQ159K/Q159K male mice showing reduction of body size of BsxQ159K/Q159K compared to 
      their wild-type littermates at 3 months of age.
B)  Growth curve of BsxWT/WT (N=15) and BsxQ159K/Q159K (N=14) male mice.  Error bars indicate mean and SD.
C)  BSX  protein expression is detected by immunohistochemistry in arcuate nucleus and dorsomedial hypothalamus in brains from adult BsxWT/WT male and 
      BsxQ159K/Q159K male mice. 
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Treier et al., Fig. S2

Fig. S2: Compact region of the DMH does not form in BsxQ159K/H2BEGFP mice
A) Rostral (1.) to Caudal (15.) adjacent serial 50mm vibratome sections from a BsxWT/H2BEGFP brain demonstrating compaction of 
     H2BEGFP positive neurons (white arrow) in the dorsomedial hypothalamus (DMH)
B) Rostral (1.) to Caudal (15.) adjacent serial 50mm vibratome sections from a BsxQ159K/H2BEGFP brain demonstrating absence of 
    compaction of H2BEGFP expressing neurons in the DMH
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Fig. S3: BsxQ159K/Q159K  AgRP/NPY neurons are ghrelin and leptin responsive
A) Same amount of c-Fos expression upon ghrelin administration in BsxQ159K/Q159K 

     and wild-type AgRP/NPY neurons (yellow) with comparable Ghrh neuron numbers in both
B)  Same amount of c-Fos expression upon ghrelin administration in BsxQ159K/Q159K 

     and wild-type AgRP/NPY neurons (yellow) with less SST neurons (right panel) present in 
     the arcuate nucleus of BsxQ159K/Q159K  mice (independent pair of littermates) 
C) Induction of c-Fos and AgRP expression in BsxQ159K/Q159K  AgRP/NPY neurons (yellow) 
     in the absence of leptin (right panel)
D) Induction of c-Fos and NPY expression in BsxQ159K/Q159K  AgRP/NPY neurons (yellow) 
     in the absence of leptin (right panel, independent pair of littermates) 
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DB

CA

Fig. S4: Profound loss of sleep-wake cycles in BsxQ159K/Q159K mice
A) Wake time, NREM and REM sleep in BsxQ159K/Q159K mice (N=15) is evenly distributed between light and dark phase in a 12:12 h LD setting with no
     overall reduction in wake time, NREM and REM sleep compared to wild-type mice (N=11). Error bars indicate SEM.
B) 60-h hypnograms of two representative wild-type male mice and two representative BsxQ159K/Q159K male mice. A clear sleep-wake pattern is obvious in 
     wild-type animals with more NREM and REM sleep and less wake time during the light phase compared to the dark phase. In contrast, BsxQ159K/Q159K male
    mice do not show any sleep-wake pattern when comparing light and dark phase or comparing light or dark phase between itself in a 12:12 h LD setting.
C) Wake time, NREM and REM sleep in BsxQ159K/Q159K mice (N=7) is evenly distributed between “light” and dark phase in a constant darkness (DD) setting
   with no overall reduction in wake time, NREM and REM sleep compared to wild-type mice (N=4). Error bars indicate SEM.
D) 60-h hypnograms of two representative wild-type male mice and two representative BsxQ159K/Q159K male mice. A clear sleep-wake pattern is obvious 
     in wild-type animals with more NREM and REM sleep and less wake time during the “light” phase compared to the dark phase in DD. In contrast, BsxQ159K/Q159K 

       male mice do not show any sleep-wake pattern when comparing “light” and dark phase or comparing “light” or dark phase between itself in a DD setting.
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ZT6

Fig.S5: BSX network activity is required and sufficient for food-seeking behaviour
Diagrams are shown as line graphs with mean and error bars (SEM) on the y-axis for wake time (min), 
NREM (min), REM (min) and locomotion (total beam break counts) respectively and zeitgeber 
time (ZT) on the x-axis. Grey areas represent time when lights are off.
A)  Cage change and simultaneous food deprivation leads to prolonged increase of wakefulness 
      in BsxWT/WT male mice (N=5) but only short term increase of wakefulness in BsxQ159K/Q159K male 
      mice (N=6) whereas food/chow odour exposure after more than 24-h food deprivation elicited 
      short term increase of wakefulness in both BsxWT/WT and BsxQ159K/Q159K male mice with wakefulness 
      remaining elevated in both genotypes after feeding. 
B)  Locomotor response is impaired under food deprivation in BsxQ159K/Q159K  male mice (N=6)
      but not BsxWT/WT male mice (N=5) whereas cage change or food/chow odour exposure elicited 
      short term locomotor activity increase in both genotypes and remained elevated after feeding. 
C)  Application of CNO (0.5 mg/ml) through the drinking water to male mice that express 
      hM3Dq in neurons of BSXWT lineage (N=4) induces >36 h of wakefulness with no time spent in
      NREM or REM stage. 
D)  Application of CNO (0.5 mg/ml) through the drinking water to male mice 
      that express hM3Dq in neurons of BSXQ159K lineage (N=5) induces >36 h of wakefulness with 
      no time spent in NREM or REM stage. 
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Fig. S6: Bsx network activation recruits downstream CRH neurons and orexin neurons
A)  Representative tile scans of coronal sections of the hypothalamus at the level of the 
      3rd ventrical after in situ hybridization (ISH) with cFos and orexin probes from brains of male 
      mice that express hM3Dq in neurons of either BSX (left) or BSXQ159K (right) lineage
      90 minutes after single i.p. injection of 5 mg/kg of CNO. In both cases hypocretin/orexin 
      neurons that do not express Bsx become activated as demonstrated by strong cFos/orexin 
      co-expression in neurons (yellow/white arrows) of the lateral hypothalamus.
B)  Representative ISH with Crh, cFos and Trh probes of the PVN from brains of male 
      mice that express hM3Dq in neurons of either BSX (left) or BSXQ159K (right) lineage
      90 minutes after single i.p. injection of 5 mg/kg of CNO. In both cases CRH but not TRH 
      neurons that both do not express Bsx become activated as demonstrated by strong cFos/Crh 
      co-expression(yellow/white arrows). 
C)  Rasd1 was used as an additional marker to independently demonstrate activation of 
     CRH neurons. Representative ISH with cFos and Rasd1 probes of the PVN from brains of 
      male mice that express hM3Dq in neurons of either BSX (left) or BSXQ159K (right) lineage
      90 minutes after single i.p. injection of 5 mg/kg of CNO. In both cases PVN neurons that 
      do not express Bsx become activated as demonstrated by strong cFos/Rasd1 
      co-expression (yellow/white arrows). 
D)  Representative ISH with Crh and Rasd1 probes of the PVN from brains of male 
      mice that express hM3Dq in neurons of either BSX (left) or BSXQ159K (right) lineage neurons
      90 minutes after single i.p. injection of 5 mg/kg of CNO. In both cases CRH
      neurons that do not express Bsx become activated as demonstrated by strong Rasd1/Crh 
      co-expression (yellow/white arrows). 
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Treier et al., Fig.S7
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Fig. S7: Aged BsxQ159K/Q159K  mice maintain a lean body composition
A)  Representative picture of 80-week old littermate male mice with all 3 genotypes 
      BsxWT/WT, BsxWT/Q159K and BsxQ159K/Q159K from a BsxWT/Q159K intercross.
B)  The same animals with their abdominal wall removed reveals less visceral fat per 
      lean mass in BsxQ159K/Q159K  mice vs. BsxWT/WT  mice visually confirming 
      corresponding NMR measurements.
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Fig. S8: SCN gene expresseion in BsxQ159K/Q159K  mice corresponds to expected ZT time
A) Per1 gene expression in the SCN at ZT7 as assed by optical density from in situ 
     hybridization (ISH) is similar in BsxWT/WT and BsxQ159K/Q159K during a 12:12 h day night cycle.
B) Robust Per2 gene expression in the SCN at ZT7 as assed by optical density from in situ 
     hybridization (ISH) is similar in BsxWT/WT and BsxQ159K/Q159K during 12:12 h day night cycle.
C) Grp and Nms gene expression in the SCN at ZT7 as assed by optical density from in situ 
     hybridization (ISH) is similar in BsxWT/WT and BsxQ159K/Q159K during 12:12 h day night cycle.
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