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Supplementary Figure 1 $-Klotho in situ hybridization across the mouse brain. Mouse
brain coronal sections (25 um, 1:4 series) were subjected to free-floating in situ
hybridization with a **P-labeled antisense riboprobe for K/b and mounted onto slides in
rostral (top left) to caudal (bottom right) order. Boxed areas indicate regions shown in

Figure 1. Bar = 45 mm.



a Plasma Analytes b Hypothalamus Gene Expression

insuli Bmal1 Clock Per2
3000, FGF21 s insulin 16 glucose 9 t <2
. H H . . ES z z2
£ 3 “1 Lt L LE S S &40l &40 g
L 20001 T, < eI e 1. E g W E1
E ol AT B L Na N g :
21000 22115 ¥ 210 Z0.5] 205 2
° ° °0
1 8 ®
o i Sl oo 0.0 0.0 0.0
zT0 2 24 12 zTo 2 24 12 716 2 12 zro 2w o oo 2 2ro oo 12
i Fgfr1
200 vigcerides s00,  Cholestorol 25, Kib 15 arte
S20] s
2
L 1501 . T_ZOD-M z & 1.0{ AT N
s s 3. i 51
100 o 2,0l 2
E E 10045\ s\ s 2 £ 0.5
50 ©0.51 e
0 0.0 0.0
710 12 24 12 zT0 12 24 12 Fay 12 2 12 zro 12 24 12
1505 corticosterone 250 ACTH Avp 20 crh
. . <20{ * M <
200 3 Sisl sz Ls
2 21001 2 1.0 210
= 50 3 5
501 2 0.51 305
0.0- 0.
10 12 24 12 ro 12 24 12 T 0 12 2 12 zT0 12 24 12

C Liver Gene Expression

Bmalt
25 ma 20n Clock . Per2
220 z S
W € —WT
e 7 ¥ 1.0 . . o 2
210 H 29, p .
Sosl L . . Sos| 5y Tg(Fgf21)
0.4 0.0 ———
zTo 12 24 12 zZTo 12 24 12 zZTo 12 24 12
Igfbp1 Cyp2d9 157 Hsdbs
207 . X 20 <
< < sios o ae a5 | L
Z 15 215 W % 1.0;
3 €| .
s1of [\, 210 ]
T ;- ] £0.5]
e’ Lo ST T
0 [T S S

N
N
°
®
N
N
°
N
N
)

relative mRNA
-
e mRN,
oo
S oo
3388
22D

Supplementary Figure 2 Circadian profiles of gene expression and plasma analytes in
Tg(Fgf21) mice. Male wild-type (WT) or Tg(FGF21) mice were sacrificed every 4 h over
a 24 h period, beginning at the start of the light phase (ZTO0). (a) Plasma hormones and
metabolites. (b) Hypothalamic clock, FGF21 receptor, and neuropeptide gene expression.
Arginine vasopressin (4vp); Corticotropin releasing hormone (Cr#h). (¢) Liver clock,
growth hormone pathway, and FGF21 signaling pathway gene expression. Values on the
x-axes are double-plotted; data represent mean + SEM, n = 3—6. Asterisks indicate

significant differences (P < 0.05) between WT and Tg(Fgf21).
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Supplementary Figure 3 K/b expression is intact in peripheral tissues of the K/b brain
knockout models. Male mice of indicated genotypes without (—) or with (Tg21) the
Tg(Fgf21) insertion were sacrificed ZT8. K/b mRNA was quantified in liver and brown
and white adipose of (a) Camk2a-cre and (b) Phox2b-cre models. Data represent mean +
SEM, n =5-9. Ct values shown inside bars. Asterisks indicate significant differences (P

< 0.05) between Tg21 and (-) control mice.
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Supplementary Figure 4 Representative actograms for Tg(Fgf21) mice. Representative
actograms are shown double-plotted for three individual (a) wild-type (WT) or Tg(Fgf21)
male mice, and (b) KIb™'::Tg(Fgf21) or KIb™ (©“"¥*¥..Tg(Fgf21) male mice (bottom).
Time on x-axis refers to zeitgeber time (ZT) 0 at lights on. Yellow indicates light phase

(LD, 12 hours light/12 hours dark; DD, constant darkness).
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Supplementary Figure 5 Ketogenic diet mimics transgenic FGF21 overexpression in
regulating circadian behavior. (a) Hepatic FGF21 mRNA and plasma protein levels in

male wild-type mice fed chow or ketogenic diet for 6 weeks. Mice were sacrificed every



4 h over a 24 h period, beginning at the start of the light phase (ZT0). Values on the x-
axes are double-plotted; data represent mean = SEM, n = 4. Asterisks indicate significant
differences (P < 0.05) between diets. (b, ¢) Representative actograms are shown double-
plotted for three individual wild-type males (b) fed standard chow or ketogenic diet, and
Fgf2l " males (c) fed standard chow or ketogenic diet. Time on x-axis refers to zeitgeber
time (ZT) 0 at lights on. Yellow indicates light phase (LD, 12 hours light/12 hours dark;

DD, constant darkness).
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Supplementary Figure 6 Brain-specific effects of FGF21 on growth morphometry and
adipose gene expression. (a) Tibia length, lean mass, and fat mass from male mice of
indicated genotypes without (—) or with (Tg21) the Tg(Fgf21) insertion (n = 4-7).
Animals were sacrificed at ZT8. (b) White adipose tissue gene expression in brain
deletion of K/b. Male mice (n = 5-9) of indicated genotypes were sacrificed at ZT8. Ct
values shown inside bars. Data represent mean + SEM. Asterisks indicate significant
differences (P < 0.05) between Tg21 and (-) control mice. (¢) Plasma FGF21 levels in

individual 12-week old male C57BL/6J mice at ZT3 fed ad libitum or fasted for 24 h.



Supplementary Table 1 Metabolic parameters from K/b™!(““"**¥::Tg(Fgf21) and
Kip™!Phox2t). To(Fgf21) mice.

n
glucose (mg dI™)
Bhydroxybutyrate (WM)
cholesterol (mg dI™")
triglycerides (mg d ')
FGF21 (ng ml™")

n
glucose (mg dI™)
cholesterol (mg dI™")
triglycerides (mg dI™")
FGF21 (ngm™)

Klbtm]:: KlbtmI(Camea)::
Kip™ Tg(Fgf21) Kip™!(Cemk2®)  To(Fgf2])
5 7 5 7
130.9+4.72  126.8 £4.69 140.8 +9.82 118.9 + 3.86
6629 +8.63  205.4+44.96* 29.68 +9.65 45.38 + 6.053
146.1 £13.32 112 +6.32*% 161.1 £15.94  153.7 +8.67
50.18 £ 12.72 42.13+5.96 55.9 +7.24 67.42 +13.74
0.54 + 0.09 657.4+117.5% 0.75+0.15 7373 + 167.4*

Klbtml“ Klbl‘ml(Phonb)__

Kip™ Tg(Fgf21) Kip™!Phoxt) Tg(Fgf21)
9 9 5 8
131.6 £3.74 119.3 + 8.67 147.1+£5.19 112.4+15.48
136.6 £10.44 1043 +£6.20*  128.1+15.30 126.5 + 5.82
46.44 +4.08  49.08 +9.62 59.38 + 6.59 41.33+6.19
0.41 +0.70 784.6 £ 111.1*% 1.45+0.85 933.5 + 228.9*

Data are presented as mean + SEM. Asterisks indicate significant differences (P < 0.05)
compared to controls without Tg(Fgf21). FGF21 measurement was taken at ZT3.



Supplementary Table 2 Circadian wheel running parameters in K/p™/(““"*?%.. Tg(Fgf21)

mice.

n

total activity (revs/day x10%)

% light activity
% dark activity
period (h)
amplitude (%)
phase (h)

n

total activity (revs/day x 10%)

% light activity
% dark activity
period (h)
amplitude (%)
phase (h)

Wild-type chow

Tg(Fgf21) chow

16
2.62+£0.17
3.20£0.71
96.80 £ 0.71
23.62 £0.03
17.79 £1.49
0.24 £ 0.07

28

1.91 +£0.19*
13.94 +£2.95*
86.06 £2.95*
23.57+£0.04
12.14 £ 1.50*
-0.96 £ 0.37*

KIb™ ::Tg(Fgf21)

KlbtmI(Camea): Tg(Fgﬂl)

11
0.97+£0.22
1526 £3.72
84.74 £ 3.72
23.58 £0.05
7.82+2.03
0.13+0.16

12

2.60 £ 0.16*
1.87 £0.36*
98.13 £0.36*
23.54+£0.02
17.31 £1.29*
0.35+0.06

Data are presented as mean + SEM. Asterisks indicate significant differences (P < 0.05)

compared to wild-type or K/b™"::Tg(Fgf21) controls.

Supplementary Table 3 Circadian wheel running parameters and plasma FGF21 in wild-type
versus Fgf2/”~ mice.

Wild-type chow  Wild-type ketogenic  Fgf21 ““chow F of2] o ketogenic

n 6 24 18 23

total activity (revs/day x 10%)  3.39+0.18 1.86 +£0.12%* 2.87+0.20 2.14+£0.12*

% light activity 348 +1.54 8.78 +1.47* 1.81+0.53F 3.84 £0.76

% dark activity 96.52 + 1.54 91.23 +1.47* 98.19+0.531 96.16+£0.76
period (h) 23.69 +0.02 23.62+0.04 23.62 +0.03 23.64 +0.05
amplitude (%) 17.32+£2.37 1541 +1.41 19.77 £ 1.06 19.43 £1.48
phase (h) 0.38+0.20 —0.53+£0.24 0.52+0.06 0.03 +£0.16*
Plasma FGF21 (ng ml ™) 0.44+0.0 21.92 +£5.45% undetectable  undetectable

Data are presented as mean + SEM. Asterisks indicate significant differences (P < 0.05) compared
to chow-fed mice. Daggers indicate significant differences (P < 0.05) compared to all other groups.
FGF21 measurement was taken at ZT8.
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Supplementary Table 4 List of nuclei collected for expression profiling.

Paxinos &

Franklin
Nucleus | Atlas’' Level | Full Name
CTX 40-41 cortex
Thal AD | 39-40 anterodorsal thalamic nucleus
OVLT 27 vascular organ of lamina terminalis
MnPO 27 median preoptic nucleus
SCN 34-38 suprachiasmatic nucleus
PVH 37-41 paraventricular hypothalamic nucleus
RCN 39-40 retrochiasmatic nucleus

lateral hypothalmic area to paraventricular hypothalamic
LHA1 39 nucleus
dmVMH | 42-46 dorsomedial ventromedial hypothalamic nucleus
vIVMH 42-46 ventrolateral ventromedial hypothalamic nucleus
ARC 42-46 arcuate nucleus
cDMH 47-48 compact dorsomedial hypothalamic nucleus
vDMH 47-48 ventral dorsomedial hypothalamic nucleus
lateral hypothalamic area to dorsomedial hypothalamic

LHA2 47 nucleus plus perifornical area
PH 51 posterior hypothalamic area
PMV 51-53 premammillary nucleus, ventral part
VTA 61 caudal ventral tegmental area
mPBN 74-75 medial parabrachial nucleus
IPBN 74-75 lateral parabrachial nucleus
AP 92-93 area postrema
DMV (X) | 92-93 dorsal motor nucleus of the vagus (Xth cranial nerve)
NTS 92-93 nucleus tractus solitarius
nodose left nodose ganglion; cell body of vagal sensory neurons
DRG mid-lower thoracic dorsal root ganglia (T7-T12)
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