








Figure 17. The CRD of CLOCK is responsible for its oscillatory function.

Chimeric constructs (C-N) and (N-C) alongwith WTs of both CLOCK (blue) and NPAS2 (red) were introduced
in the Clock’;Per2- fibroblasts and then the cells were recorded in the LumiCycle for real-time
bioluminescence. The construct N-C (green) which has N-terminus from NPAS2 and C-terminus from CLOCK
was able to restore rhythms in the Clock” fibroblasts, whereas C-N chimeric construct (purple) was not able to

restore rhythms.

are not responsible for the disparity between CLOCK and NPAS2 function. When the construct
[CLOCK-Linker A]-NPAS2 that contains CLOCK from its N-terminus to the Linker region and
NPAS2 from the corresponding region to the C-terminal end is used to rescue rhythms it is
unable to do so (Fig. 20). In the reverse construct [NPAS2-Linker A]-CLOCK is used in the
rhythm assay, it is able to rescue rhythms, leading to the conclusion made above (Fig. 21).
Similarly, construct [CLOCK-Exon19]-NPAS2 is unable to restore rhythms in Clock’;Per2-“
fibroblasts (Fig. 20), whereas [NPAS2-Exon19]-CLOCK is able to restore rhythms comparable to

WT, leading to the conclusion made above (Fig. 21). Circadian parameters are seen in Fig. 22.
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Figure 18. The chimeric N-C construct rescues rhythms similar to CLOCK-WT.

Period length of chimeric construct N-C (23 hrs 48mins) was comparable to CLOCK-WT (23 hrs 24 mins) and
amplitude was observed to be better than CLOCK-WT.The circadian parameters are shown above for the

chimeric constructs alongwith controls.
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Figure 19. Diagrammatic representation of the chimeric constructs
1. [CLOCK-Linker A]-NPAS2, 2. [CLOCK-Exon19]-NPAS2, 3. [NPAS2-Linker A]-CLOCK and 4. [NPAS2-Exon19]-

CLOCK.
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acetyl CoA binding site and to find out whether it was sufficient to confer oscillatory function to
CLOCK. We generated CLOCK-[NPAS2-AcBS]-CLOCK and NPAS2-[CLOCK- AcBS]-NPAS2
chimeric constructs using overlapping PCR techniques (Fig. 26). These constructs were then
introduced in the Clock™;Per2-° fibroblasts and then tested for their ability to restore rhythms.
We observed that both these constructs were unable to restore rhythms in the Clock™;Per2-\c
fibroblasts (Fig. 27). This observation led to the conclusion that the acetyl CoA binding site is
important as the construct CLOCK-[NPAS2-AcBS]-CLOCK is unable to restore rhythms but
also not sufficient for the oscillatory function of CLOCK as the construct NPAS2-[CLOCK-

AcBS]-NPAS?2 is also not able to restore rhythms (Fig. 27).

[ [ bHn | [easa ] [ pass | [Eon19 | [ A ]

[ [ bHLH | [ PASA] [ PASB | [Exonw‘ [Ace“"] ]
J ) ) CoA

Figure 26. Diagrammatic representation of chimeric constructs.

1. CLOCK-[NPAS2-AcBs]-CLOCK and 2. NPAS2-[CLOCK-AcBS]-NPAS2
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Figure 27. Acetyl CoA binding site alone is not sufficient for the oscillatory function of CLOCK.

Chimeras CLOCK-[NPAS2-AcBS]-CLOCK and NPAS2-[CLOCK-AcBS]-NPAS2 were introduced in
Clock™;Per2-* fibroblasts and then tested for rhythm rescue assay in the LumiCycle. Both the chimeras failed to
restore rhythmicity to the cells compared to Clock-WT leading to the conclusion that AcBS alone is not sufficient

enough for the oscillatory function of CLOCK.

To further investigate we looked at the regions flanking the acetyl CoA binding site. Using
bioinformatics tools we analysed CLOCK proteins across species, and looked for conserved
sequences across them. We found two highly conserved motifs present in the HAT region. One
motif is in the acetyl CoA binding site and the other is at the C-terminus of the HAT region (Fig.
28). We decided to study these two motifs individually. Motif A (aa 657-677) and Motif B (aa
704-736) are highly conserved in CLOCK or CLOCK-like proteins across species but are

divergent in NPAS2 protein as seen in pBLAST (Fig. 29).
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Figure 28. The two highly conserved motifs present in the CRD of CLOCK across species, that are divergent
from NPAS2.

After conducting extensive sequence analysis of CLOCK and CLOCK-related proteins across several species we

discovered two motifs that were highly conserved (red box) and divergent from NPAS2.

We generated chimeric protein constructs using overlapping PCR techniques to have these two
motifs swapped in CLOCK and in NPAS2. We generated Clock-[Npas2-pP657-P677]-Clock,
Clock-[Npas2-pP704-G736]-Clock, Npas2-[Clock-P636-P656]-Npas2 and Npas2-[Clock-Q683-T715]-
Npas2 constructs (Fig. 30) and then introduced them into Clock™;Per2"* fibroblasts to assay for
their ability to restore rhythms. We observed that all of these four constructs were unable to
restore rhythms comparable to WT leading to the conclusion (Fig. 31 and 32) that these motifs
individually are not sufficient to confer oscillatory function to CLOCK, but are important
because its absence or replacement causes arryhthmicity. It leads to the hypothesis that these two

motifs might be required together for generating rhythms. To test it, we generated two additional
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Figure 29. The two motifs in HAT region are highly conserved across different species.

Motif A and Motif B are highly conserved across different species. Sequences in red are not similar to the

consensus sequence.

bHLH | | PASA PAS B onto [ | A Q|
| [bHLH | [ Pasa PAS B Exon 19 8 ] Q |
| [bHLH | [ Pasa PAS B Exon 19 A Q |
[ [oHLH | [ Pasa PAS B Exon 19 8 | o |
Figure 30. Diagrammatic representation of chimeric constructs.
1. Clock-[Npas2-pe57-p677]-Clock , 2. Clock-[Npas2-p704-G736]-Clock, 3. Npas2-[Clock-p636-P656]-Npas2 and
4. Npas2-[Clock-Q683-T715]-Npas2.
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Figure 31. Motif 657-677 and 704-736 in CLOCK are not sufficient individually to confer oscillatory function to
CLOCK.

Constructs Npas2-[Clock-P636-P656]-Npas2 and Npas2-[Clock-Q683-T715]-Npas2 were unable to restore
rhythms in Clock”;'Per2- fibroblasts leading to the conclusion that these motifs are not sufficient individually to

confer oscillatory function to CLOCK.
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Figure 32. Motifs 657-677 and 704-736 in CLOCK are very important for the oscillatory function.

Constructs Clock-[Npas2-ps57-P677]-Clock and Clock-[Npas2-p704-G736]-Clock were unable to rescue rhythms in
Clock”;Per2-c fibroblasts leading to the conclusion that both are very important for the oscillatory function of
CLOCK.
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Figure 33. Diagrammatic representation of the chimeric constructs.

1. Clock-[Npas2-p657-P677 and P704-G736]-Clock and 2. Npas2-[Clock-P636-P656 and Q683-T715]-Npas2.

constructs; Clock-[Npas2-p657-P677 and P704-G736]-Clock and Npas2-[Clock-P636-P656 and Q683-
T715]-Npas2 (Fig. 33). These constructs had both the motifs swapped in tandem rather than
individually. We introduced them in Clock™;Per2 ‘¢ fibroblasts and tested them for rhythm
rescue assay. As expected Clock-[Npas2-p657-P677 and P704-G736]-Clock was unable to rescue
rhythms as it lacks both these motifs (Fig. 34). On the other hand, importantly, the Npas2-
[Clock-P636-P656 and Q683-T715]-Npas2 construct was able to rescue rhythms (Fig. 34) with
shorter period length and lower amplitude, but otherwise robust rhythms that are comparable to
WT (Fig. 35). This result was a revelation, as it demonstrates the importance and sufficiency of
the two motifs for oscillatory function of CLOCK. Presence of these motifs can confer
oscillatory function to NPAS2 protein as well. Thus, the oscillatory function of CLOCK lies in

two motifs present in the HAT region of CLOCK.

Further avenues of research will be directed towards understanding the biochemical mechanism
behind the importance of these two motifs in CLOCK. We will be employing bioinformatical
analysis to find putative function of the motifs and further understand the two motifs. We hope to
narrow down the motifs further to a few a.a residues and perform interaction assays with other

clock proteins to deduce their importance. It is exciting to be able to pinpoint the exact location
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of the oscillatory function of CLOCK, as it is crucial for our understanding of overall circadian

machinery and function.
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Figure 34. Motifs 657-677 and 704-736 in CLOCK in tandem are responsible for the oscillatory function in
CLOCK.

The motifs 657-677 and 704-736 were swapped together in constructs Clock-[Npas2-p657-P677 and P704-G736]-
Clock and Npas2-[Clock-P636-P656 and Q683-G715]-Npas2. Construct Clock-[Npas2-pe57-p677 and P704-G736]-Clock

(green) was unable to restore rhythms in Clock”;Per2-* fibroblasts whereas construct Npas2-[Clock-P636-P656

and Q683-T715]-Npas2 (red) was able to rescue rhythms comparable to WT (blue).
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Figure 35. The chimeric construct Npas2-[Clock-P636-P656 and Q683-T715]-Npas2 is able to rescue rhythms
in Clock”;Per2-\ fibroblasts comparable to WT.

The construct Npas2-[Clock-P636-Pe56 and Q683-T715]-Npas2 rescues rhythms in Clock™;Per2-c fibroblasts with

shorter period length and lower amplitude but comparable robustness in rhythmicity.

Discussion

Unlike hourglass type timers, oscillator type timers such as the circadian clock regulate cyclic
processes that repeat upon completion of a cycle. The mechanism underpinning this circadian
oscillation in mammals is an autoregulatory transcriptional-translational negative feedback loop
2666 in which transcriptional activation by CLOCK and BMALL1 and repression by the PER and
CRY lies at the heart of this mechanism 227, To gain basic understanding of this biochemical
mechanism, we sought to investigate the unique biochemical and structural aspects of the
CLOCK. Through a systematic analysis of protein structure-function relationships, we identified
the distinct sequences that distinguish Clock function from Npas2 and demonstrated that two
motifs in the HAT domain of CLOCK are required for CLOCK’s oscillatory function and hence

mammalian clock function. This study provides insights into the unique biochemical and
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structural properties of CLOCK and presents new opportunities for future dissection of its

precise role in the circadian clock mechanism.

Genetic complementation of Clock in Clock-deficient cells provides a functional clock

model for mechanistic studies

In our studies we demonstrated, through genetic complementation in Clock™;Per2- fibroblasts,
that Clock expression and not Npas2 expression is required for generation and maintenance of
cell-autonomous circadian rhythms. This Clock rescue assay provided us with a unique
opportunity to study CLOCK function in clock cells and confirmed that Clock and Npas2 indeed
have differential functions in clock regulation. This assay also enabled us to uncover the
different potency in transcriptional activation exhibited by Clock and Npas2, which plays a role

in their differential roles in clock function.

In our study, Clock expression, under the control of the constitutively active or rhythmic
promoters, is able to drive circadian rhythms whereas Npas2 under several different promoters is
unable to generate and maintain rhythms. CLOCK expression levels did not significantly affect
the ability to generate rhythms and NPAS2 at high dosages was still unable to rescue rhythms in

the Clock™;Per2-"° fibroblasts.
HAT domain of CLOCK is important for its oscillatory function

Previous research on CLOCK has mostly been focused on N-terminal half of the protein which
includes the bHLH and the PAS domains. Although these domains are essential in CLOCK’s
function as they facilitate the binding to E-box and BMALL respectively, these domains do not
explain the oscillatory function of CLOCK. Our findings showcase the importance of the C-

terminal regulatory domain for the oscillatory function of CLOCK. Not only is the C-terminal
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domain important but is essential for the oscillatory function of CLOCK. We demonstrate that
with the help of chimeric constructs possessing the N-terminal half from NPAS2 and the C-
terminal half from CLOCK (N-C). These constructs are able to restore rhythms in the
Clock™;:Per2- fibroblasts indicating that the oscillatory function of CLOCK lies in the CTD.
We further narrowed down the location of the functional domain to two short motifs present in

the HAT domain of CLOCK.
Sequence and domain structural features that distinguish CLOCK from NPAS2.

In this study, we demonstrated that the functional difference between CLOCK and NPAS2 lies
primarily at the CLOCK (a.a 657-677 and 704-736) motifs present in the reported HAT domain
in the C-terminal region of CLOCK. The CLOCK-CTD (657-677 and 704-736) is important for
its acetyltransferase activity. Compared to WT, the chimera Npas2-[Clock-636-656 and 683-715]-
Npas2 containing the two motifs from CLOCK in a NPAS2 background has a shorter period
length, indicating that the remaining CTD plays a role in period regulation if not for rhythm
generation. However, the exact mechanism behind the oscillatory function of CLOCK remains
unknown, but as we have demonstrated the two motifs responsible for it, now further research
can be directed towards understanding the role they play at a biochemical level for generating

and maintain circadian rhythms along with BMALL.
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FUTURE PERSPECTIVE

Importantly, the mechanism by which the two motifs in the HAT domain of CLOCK confers
oscillatory function onto CLOCK remains elusive. Our findings that CLOCK, but not NPAS2,
plays an essential role in clock function, and that CLOCK possesses unique biochemical
features, especially within the key CTD (657-677 and 704-736) domain, suggest that Clock holds
the key to our understanding of the activation mechanism along with BMAL1. Though studies
show that NPAS?2 is able to compensate for CLOCK at tissue and animal level, at cellular level
that is not the case. NPAS2 doesn’t possess the biochemical functionality to compensate for
CLOCK at cellular level, where the circadian clock is most sensitive. At animal and tissue level
the circadian clock is robust and it is difficult to perturb at that level. At cellular level all
masking effects and robustness are not evident and it is much easier to tease apart circadian clock
function. At the cellular level, we demonstrate only CLOCK is able to generate and maintain

rhythms and not NPAS2.

Future studies first need to focus on the identifying of key residues in the motifs to precisely
locate the oscillatory function. More chimeric constructs need to be constructed with shorter
swapped regions or single amino acid substitutions between CLOCK and NPAS2 to shorten the

essential sequences for the oscillatory function.

Once we have the shortened the motifs, we focus on identifying the precise biochemical
mechanism by which the motifs confer oscillatory function onto CLOCK. The functional assay
established in this study provides new opportunities for future investigations into CLOCK
structure-function relationships. Our findings shed new light on the functional importance of the
CLOCK- CTD (657-677 and 704-736) for the clock mechanism. The functional significance of

these amino acid sequences and structural features in CLOCK function will need to be tested
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using the assays developed in this study. These future studies will ultimately provide important

insights into the biology of CLOCK and the role in the circadian mechanism.

Our previous research with BMALL, displayed that NMR structural studies can be extremely
effective in understanding the biochemical mechanism of the protein function. We hope to
employ the same strategy to understand the biochemical mechanism behind the important
domains in CLOCK for its oscillatory function. We also will undertake interaction studies using
the chimeric constructs and protein-protein interaction studies with other core clock proteins like
BMALI, PERs, CRYs, CBP/p300 etc... to better understand the role of the motifs in the HAT
domain of CLOCK in its oscillatory function. Dynamics of protein-protein interactions can be
extremely important as seen in our previous BMALL work where we observed the difference
between BMAL1 and BMALZ2 is not the ability to activate E-Box or to interact with key proteins
but the dynamics of the interactions with CRY1 and p300/CBP®’. We will examine the
interactions of the key constructs in a similar manner to understand the basis of their importance
in the oscillatory function of CLOCK. Once we understand the biochemical mechanism behind
the oscillatory function we will have a much better understanding of the circadian machinery on
a whole. Understanding how the clock works is important as the circadian clock is central to

regulation of most physiological and functional aspects of the mammalian body.
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APPENDIX

Table 1. Primer list for generation of domain swapping chimeric constructs.

Name of the Round
construct of PCR
pLV7-[Clock- First
PASB]-Npas2
Second
pLV7-[Clock-Sec A]-  First
Npas2
Second
pLV7-[Clock-Exon First
19]-Npas2
Second
pLV7-Clock-[AcBS-  First
Npas2]
Second
pLV7-[Clock-AcBS]-  First
Npas2]
Second

Reaction 1

Reaction 2

Reaction 1

Reaction 2

Reaction 1

Reaction 2

Reaction 1

Reaction 2

Reaction 1

Reaction 2

Primer sequence

f: CACCATGGACTACAAAGACCATGAC

I GGCCTCTGTGGGTGGGTCTTCCAGAGCAAGTTCTCGCCGTCTTTCAGCCCTAAC
f:
GTTAGGGCTGAAAGACGGCGAGAACTTGCTCTGGAAGACCCACCCACAGAGGCC

r: TCTAGATTAGGACTCTGACAGCCG
f: CACCATGGACTACAAAGACCATGAC
r: TCTAGATTAGGACTCTGACAGCCG

f: CACCATGGACTACAAAGACCATGAC

1 GCTGAATTGTGCTGAAAACTGTGTCTGTGACATGCCTTGTGGAATTGG
f: CCAATTCCACAAGGCATGTCACAGACACAGTTTTCAGCACAATTCAGC
r: TCTAGATTAGGACTCTGACAGCCG

f: CACCATGGACTACAAAGACCATGAC

r: TCTAGATTAGGACTCTGACAGCCG

f: CACCATGGACTACAAAGACCATGAC

r: GGACACAGCTGGCTGCTGCAGAAACATCTGTAGCCCTTGACCATGGACCATCTG
f: CAGATGGTCCATGGTCAAGGGCTACAGATGTTTCTGCAGCAGCCAGCTGTGTCC
r: TCTAGATTAGGACTCTGACAGCCG

f: CACCATGGACTACAAAGACCATGAC

r: TCTAGATTAGGACTCTGACAGCCG

f: CACCATGGACTACAAAGACCATGAC

1 TGAACGGCCGCTGGCAGGCAGCAGCGTCTGCTGACTGTGTCCACTCAT
f: ATGAGTGGACACAGTCAGCAGACGCTGCTGCCTGCCAGCGGCCGTTCA
r: TCTAGATTAGGACTCTGACAGCCG

f: CACCATGGACTACAAAGACCATGAC

f: CACCATGGACTACAAAGACCATGAC

1 CTGGCTGTCATCCTGAGGGGTGGGGGATGGAATCTGGACCATGCTCCC
f: GGGAGCATGGTCCAGATTCCATCCCCCACCCCTCAGGATGACAGCCAG
r: TCTAGATTAGGACTCTGACAGCCG

f: CACCATGGACTACAAAGACCATGAC

r: TCTAGATTAGGACTCTGACAGCCG
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Name of the Round

construct of PCR Primer Sequence
pLV7-[Npas2- First Reactionl  f: AGATCTGATGGACGAAGATGAGAAG
PASB]-Clock

r: TGTCTCAGGAAGAGACTCTTCAATGCCCAGCTCCTGTCTCCTTTCCACTCGAAC
Reaction 2 f: GTTCGAGTGGAAAGGAGACAGGAGCTGGGCATTGAAGAGTCTCTTCCTGAGACA
r: CTACTGTGGCTGGACCTTGGAA
Second f: AGATCTGATGGACGAAGATGAGAAG
r: CTACTGTGGCTGGACCTTGGAA

pLV7-[Npas2-Sec First Reaction 1 f: AGATCTGATGGACGAAGATGAGAAG
Al-Clock r: TCCTAACTGAGCTGAAAACTGAAACACTGGAGCAGGTGGACTCTGCAA
Reaction 2 f: TTGCAGAGTCCACCTGCTCCAGTGTTTCAGTTTTCAGCTCAGTTAGGA
r: CTACTGTGGCTGGACCTTGGAA
Second f: AGATCTGATGGACGAAGATGAGAAG
r: CTACTGTGGCTGGACCTTGGAA

pLV7-[Npas2-Exon First Reaction 1 f: AGATCTGATGGACGAAGATGAGAAG
19]-Clock r: TCCAGGGTTTGATTGCTGCAAAAACATCTGGACGTTGGAGTCCTGGACCAGGCA
Reaction 2 f: TGCCTGGTCCAGGACTCCAACGTCCAGATGTTTTTGCAGCAATCAAACCCTGGA
r: CTACTGTGGCTGGACCTTGGAA
Second f: AGATCTGATGGACGAAGATGAGAAG

:CTACTGTGGCTGGACCTTGGAA

-

pLV7-Npas2-[AcBS-
Clock]

i

AGATCTGATGGACGAAGATGAGAAG

: GCTCGGTGTCTGACTTGGAAGAGACTGGGAACTTCTCATTGGCTTTGG
CCAAAGCCAATGAGAAGTTCCCAGTCTCTTCCAAGTCAGACACCGAGC
:CTACTGTGGCTGGACCTTGGAA

AGATCTGATGGACGAAGATGAGAAG

: CTACTGTGGCTGGACCTTGGAA

First Reaction 1

5 5

Reaction 2

5 5

Second

-

pLV7-[Npas2-
AcBS]-Clock

—

: AGATCTGATGGACGAAGATGAGAAG
:CTGGGTACTGTTCTGTGGCATACTAGCAATCGTGGTGAGGCTCAGGCC
: GGCCTGAGCCTCACCACGATTGCTAGTATGCCACAGAACAGTACCCAG
:CTACTGTGGCTGGACCTTGGAA

: AGATCTGATGGACGAAGATGAGAAG

: CTACTGTGGCTGGACCTTGGAA

First Reaction 1

-+ =

Reaction 2

-+ =

Second

-

pLV7-Clock-[Npas2-
Exon19]-Clock

h

CACCATGGACTACAAAGACCATGAC

: GCTGAATTGTGCTGAAAACTGTGTCTGTGACATGCCTTGTGGAATTGG
CCAATTCCACAAGGCATGTCACAGACACAGTTTTCAGCACAATTCAGC
:CTGGGTACTGTTCTGTGGCATACTAGCAATCGTGGTGAGGCTCAGGCC
GGCCTGAGCCTCACCACGATTGCTAGTATGCCACAGAACAGTACCCAG

First Reaction 1

-

h

Reaction 2

-

h

Reaction 3
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Name of the Round
construct of PCR
Second
pLV7-Clock-[Npas2- .
ABS|-Clock ™St
Second
pLV7-Npas2-[Clock- -
Exon19]-Npas2 First
Second
pLV7-Npas2-[Clock- :
AcBS]-Npas2 First
Second
pLV7-Clock-[Npas2-  First
HAT]-Clock
Second

Reaction 1

Reaction 2

Reaction 3

Reaction 1

Reaction 2

Reaction 3

Reaction 1

Reaction 2

Reaction 3

Reaction 1

Reaction 2

Reaction 3

Primer Sequence

5 5H

-

-+ = ] - = —h

-

5 5 5 5 5 5 i

-

- = - = - = —h

-

ERUIY ERUI=Y S8

r
f

7

: GAGGGGTCACAGGGATGCCA
CACCATGGACTACAAAGACCATGAC
: GAGGGGTCACAGGGATGCCA

: CACCATGGACTACAAAGACCATGAC

: TGAACGGCCGCTGGCAGGCAGCAGCGTCTGCTGACTGTGTCCACTCAT
: ATGAGTGGACACAGTCAGCAGACGCTGCTGCCTGCCAGCGGCCGTTCA
:CTGGGTACTGTTCTGTGGCATACTAGCAATCGTGGTGAGGCTCAGGCC
: GAGGGGTCACAGGGATGCCA

: CACCATGGACTACAAAGACCATGAC

: GAGGGGTCACAGGGATGCCA

CACCCCGTCAGAATTAACCATG

: TCCTAACTGAGCTGAAAACTGAAACACTGGAGCAGGTGGACTCTGCAA
TTGCAGAGTCCACCTGCTCCAGTGTTTCAGTTTTCAGCTCAGTTAGGA

: GGACACAGCTGGCTGCTGCAGAAACATCTGTAGCCCTTGACCATGGACCATCTG
CAGATGGTCCATGGTCAAGGGCTACAGATGTTTCTGCAGCAGCCAGCTGTGTCC
: GAGGGGTCACAGGGATGCCA

CACCCCGTCAGAATTAACCATG

: GAGGGGTCACAGGGATGCCA

: CACCCCGTCAGAATTAACCATG

: GCTCGGTGTCTGACTTGGAAGAGACTGGGAACTTCTCATTGGCTTTGG
: CCAAAGCCAATGAGAAGTTCCCAGTCTCTTCCAAGTCAGACACCGAGC
: CTGGCTGTCATCCTGAGGGGTGGGGGATGGAATCTGGACCATGCTCCC
: GGGAGCATGGTCCAGATTCCATCCCCCACCCCTCAGGATGACAGCCAG
: GAGGGGTCACAGGGATGCCA

: CACCCCGTCAGAATTAACCATG

: GAGGGGTCACAGGGATGCCA

CACCATGGACTACAAAGACCATGAC

: GGACACAGCTGGCTGCTGCAGAAACATCTGTAGCCCTTGACCATGGACCATCTG
CAGATGGTCCATGGTCAAGGGCTACAGATGTTTCTGCAGCAGCCAGCTGTGTCC
: CACCACCTGACCCATAAGCATGGTACTGCTGACTTCTGAGGGCTGCCTGGCATC
GATGCCAGGCAGCCCTCAGAAGTCAGCAGTACCATGCTTATGGGTCAGGTGGTG
: CTACTGTGGCTGGACCTTGGAA

: CACCATGGACTACAAAGACCATGAC

:CTACTGTGGCTGGACCTTGGAA
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Name of the Round
construct of PCR Primer Sequence

pLV7-Npas2-[Clock-

HAT]-Npas2 First Reaction 1 f: AGATCTGATGGACGAAGATGAGAAG

r: TCCAGGGTTTGATTGCTGCAAAAACATCTGGACGTTGGAGTCCTGGACCAGGCA
Reaction 2 f: TGCCTGGTCCAGGACTCCAACGTCCAGATGTTTTTGCAGCAATCAAACCCTGGA
r: TGCATACTTGACTTGCCGTCCAGTTCTTGGTACCATGACGGCCCCACAAGCTAC
Reaction 3 f: GTAGCTTGTGGGGCCGTCATGGTACCAAGAACTGGACGGCAAGTCAAGTATGCA
r: TCTAGATTAGGACTCTGACAGCCG
Second f: AGATCTGATGGACGAAGATGAGAAG
r: TCTAGATTAGGACTCTGACAGCCG

pLV7-Clock-[Npas2-
657-677)-Clock  pjrgy Reactionl  f: CGGCCAAGCTTCCGTCAGAATTAACCATGGACTAC
r AGCTGTACTGCTAAACTGGGATGGGGCTGTGAGAGT
Reaction2  f: ACTCTCACAGCCCCATCCCAGTTTAGCAGTACAGCT
r ACTGTTCTGTGGCATAGCAATCGTGGTGAGGCTCAG
Reaction3  f: CTGAGCCTCACCACGATTGCTATGCCACAGAACAGT
r: CACGGCTCGAGCTACTGTGGCTGGACCTTGGAA
Second f: CGGCCAAGCTTCCGTCAGAATTAACCATGGACTAC
r: CACGGCTCGAGCTACTGTGGCTGGACCTTGGAA

pLV7-Clock-[Npas2-
704-736]-Clock

—h

: CGGCCAAGCTTCCGTCAGAATTAACCATGGACTAC

: AGGCATCATAGGCTGGATGGGCTGACCTTGAGAAAA
:TTTTCTCAAGGTCAGCCCATCCAGCCTATGATGCCT
:CTGTTGTGTGGCGAACATCACTTGGCTCTGTGCATA

: TATGCACAGAGCCAAGTGATGTTCGCCACACAACAG
: CACGGCTCGAGCTACTGTGGCTGGACCTTGGAA

: CGGCCAAGCTTCCGTCAGAATTAACCATGGACTAC

: CACGGCTCGAGCTACTGTGGCTGGACCTTGGAA

First Reaction 1

-

—h

Reaction 2

-

—h

Reaction 3

-

—h

Second

-

pLV7-Npas2-[Clock-

First Reaction 1 f: CGGCCAAGCTTCCGTCAGAATTAACCATGGACTAC
636-656]-Npas2

r: AATCACCATCGTATTGTACAGTGGCAGGCTGCTCAG
Reaction 2 f: CTGAGCAGCCTGCCACTGTACAATACGATGGTGATT
r: ATCCTGAGGGGTGGGACTGGATGGAATCTGGACCAT
Reaction 3 f: ATGGTCCAGATTCCATCCAGTCCCACCCCTCAGGAT
r: CACGGCTCGAGTTAGGACTCTGACAGCCGGCTG
Second f: CGGCCAAGCTTCCGTCAGAATTAACCATGGACTAC
r: CACGGCTCGAGTTAGGACTCTGACAGCCGGCTG
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Name of the Round

construct of PCR
pL(\',g?,-.N7F1)€51]S-2[\-j[p(;IsOZCk- First Reaction 1
Reaction 2
Reaction 3

Second

Primer Sequence

- = - = - = —h

-

: CGGCCAAGCTTCCGTCAGAATTAACCATGGACTAC
:CACTAATTTGGTCACAAGTTGCTGGCTCAGCAACAG
:CTGTTGCTGAGCCAGCAACTTGTGACCAAATTAGTG
: GTCTGGACTTGGAAAGGTAGGATAGGCAGTCACCAC
: GTGGTGACTGCCTATCCTACCTTTCCAAGTCCAGAC
: CACGGCTCGAGTTAGGACTCTGACAGCCGGCTG

: CGGCCAAGCTTCCGTCAGAATTAACCATGGACTAC

: CACGGCTCGAGTTAGGACTCTGACAGCCGGCTG
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Table 2. Antibodies used for immunoblotting

Primary Antibody

Secondary antibody

Catalog
Number Source Dilution
Mouse F-1804 Sigma 1:500
anti-Flag
Lee lab
Guinea pig (Lee et al., 1:1000
anti-Clock Cell,
2001)
Santa _
Goat anti- SC-1615 Cruz 1:500
B-actin Biotech
Inc

Catalog
number Source Dilution
Goat anti- 1858413 Pierce 1:4000
mouse
. Lee lab
Sr?t?_b't (Lee et 1:2000
Guinea pig al., Cell,
2001)
Santa
Don key sc-2033 CrUZ 1:4000
anti-goat Biotech
Inc
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