Mass spectrometry-based albsolute
quantification reveals rnythmic
variation of mouse circadian
clock proteins
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PURE system: consists of purified factors and enzymes for E. coli translation
machinery, synthesized peptides are rarely challenged by protease degrada-
tion that usually occurs in cell-extract systems. Additionally, isotope scramb-
ling or dilution is avoided without the need to adjust system components .
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MS-QBIC workflow
Synthesis of MS-QBiC peptide with PURE System

(1) DNA template
+

(2) FW primer
+

(3) RV primers
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Calculation of the absolute amount of target protein



The transcriptional circuit of
the mouse circadian clock

Target protein

Target peptide
(Detected peptide)

BHLHE40 (DEC1) 3(2)
BHLHE41 (DEC2) 8 (0)
BHLHE40/41 (DEC1/2)* 3(1)
BMAL1 (ARNTL) 4(3)
CLOCK 3(3)
CRY1 8 (4)
CRY2 5(2)
CKIB 3(3)
CKle 4(3)
CKI3/e* 3(3)
DBP 3(2)
TEF 3(2)
DBP / TEF* 1(1)
HLF 3(0)
NFIL3 (E4BP4) 6(2)
NR1D1 (REV-ERBa) 5(3)
NR1D2 (REV-ERBB) 5(3)
NR1D1/2 (REV-ERBa/g)* 1(0)
PER1 12 (3)
PER2 10 (3)

14 (3)
RORa 3(0)
RORB 8 (0)
RORa/B* 1(0)
RORy 2 (1)

Total

120 (47)



experimental workflow :

. Target tide
Target protein (Detegtedpggptide)
Primers corresponding to Mice livers BHLHHO *PEC“ g gg;
120 target peptides (sampled at 6 timepoints every 4 h bI*LHL‘ 1 uLC 2\ 3 (1)
with two bioclogical replicates) BMAL1 ( ARNTL) e 4 (3)
PCR CLOCK 3(3)
W CRY1 8 (4)
DNA - \ CRY2 5(2)
Addition /
Proteins CKI3 3(3)
Pure system CKle 4 (3)
" Digestion CKId/e* 3(3)
\ . . DBP 3(2)
120 of MS-QBIC peptides v

Peptides TEF 3(2)
Digestion SCX Chro- DBP / TEF* 1(1)
with LVTDLTK matography HLF 3(0)
v NFIL3 (E4BP4) 6 (2)
120 of MS samples for AAARAARARRARARNE NR1D1 (REV-ERBa) 5 (3)
product quantification NR1D2 (REV-ERBE) 5 (3)
18 fractions from each sample for NR1D1/2 (REV-ERBa/B)* 1(0)

quantification of clock proteins ' 13 8;

1

14 (3)
Quantification of MS-QBIC peptides 3(0)
and development of the SRM assays Quantification of clock proteins RORB 8 (0)
by LC-SRM/MS _ RORa/B* 1(0)
+ by LC-SRM/MS RORy 2 (1)

Total 120 (47)



Yields of 120 MS-QBIC peptides Comparison of the quantified values between two

synthesized in the PURE system. . biological replicates.
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Copies per cell (x1,000)
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Molecular peak time (h)
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BT Detection in Wild-Type

* To validate the molecular timetable based on the protein-level
expression profiles, mice livers were further collected at CT4 and
CT16 with two biological replicates. The quantified values of 36
peptides from livers were applied to BT estimation using the
molecular timetable method .

* The livers at CT4 were estimated to be 3.7 and 3.3 h and those at
CT16 to be 17 and 16.5 h, respectively, which were close to the actual
circadian phase



BT Detection in Clock Mutant Mice

* Livers from One knockout (KO) or double knockout (DKO) mice
(BmallKO, Per1/2 DKO, and Cry1/2 DKO), which were previously
shown to have deficiency in the circadian rhythmicity ,were collected
at CT4 and CT16.

* Quantified values of 16 proteins based on the quantification of 47
peptides showed a markedly different behavior compared with those
of the wild-type mice.



In Bmall KO mice, the absence of CLOCK/BMAL1 heterodimer
represses the E/E’-Box promoters and then activates the RRE
promoters. In Perl/2 DKO and Cry1/2 DKO mice, the absence of PER1
and PER2 or CRY1 and CRY2 activates the E/E’-Box promoters and in
turn activates the D-Box promoters whereas the RRE promoters are

suppressed to some extent.
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