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Supplementary methods 

Construction and screening of CLOCK and BMAL1 mutant libraries.  Coding 

sequences of human CLOCK and mouse BMAL1 cDNAs were amplified by polymerase 

chain reaction (PCR) with oligonucleotide primers containing Spe I and Not I restriction 

sites.  Resulting PCR products were digested and cloned in-frame into identically 

digested pFlag (a gift from C. Joazeiro) for N-terminal Flag tagging.  Hydroxylamine 

mutagenesis, which reacts with pyrimidine nucleotides to generate cytosine to thymidine 

transitions, was adapted from previously published protocols
1,2

.  5 g Flag-tagged CLOCK 

or BMAL1 were incubated with 250 l 1 M hydroxylamine hydrochloride (Sigma-

Aldrich), pH 6.7 at 70°C for 1 hr.  Mutagenized plasmids were then isolated and washed 

with Qiaquick PCR purification kit (Qiagen), and finally eluted with 100 l of sterile 

water.  5 l of purified mutated plasmid was transformed into 100 l DH5α competent E. 

coli (Invitrogen).  Transformed cells were then plated onto Luria Broth (LB)-agar media 

in QTrays (Genetix) supplemented with 25 g/ml Kanamycin (Sigma).  Individual 

bacterial colonies were picked with a Mega-Pix robot (Genetix), transferred to 96-well 

sterile plates (Genetix) containing 200 l of LB/Kanamycin/10% glycerol, and then 

incubated at 37°C overnight. 

After incubation, the 96-well LB/10% glycerol cultures were used to inoculate  

96-deep well blocks containing 1.2 ml of LB/Kanamycin with a honeycomb 96-pin head 

on a Qbot robot (Genetix) and then stored at -80°C for future reference.  Inoculated deep 

well block cultures were grown overnight in a HiGro incubator (Gene Machines, Inc.) at 

37°C.  Purification of mutant clones from 96-deep well bacterial cultures was performed 

by a RoboSeq 4204 prep robot (MWG Biotech) with the NucleoSpin Robot-96 Plasmid 

Miniprep kit (Macherey-Nagel).  Purified plasmids in 96-well microtiter plates were 

quantified with a PowerWave XS spectrometer (Bio-Tek) and normalized to a final 
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concentration of 40 ng/ l with a TheOnyx (MWG Biotech) liquid-handling robot.  96-well 

plates containing normalized mutant DNA were compressed into 384-well bioassay 

plates (Greiner Bio-One) by transferring 62.5 ng of mutant plasmid with a MiniTrak 

robot (Perkin Elmer) into assigned 384-well plate coordinates.  In total, sixteen unique 

384-well plates (approx. 6,000 mutants) containing an individual clone within each well 

were generated.  Preliminary screening of 1,000 mutagenized CLOCK clones suggested a 

0.1% hit rate for CRY-desensitized mutants. Approximately 5% of all clones had 

significantly reduced activity in PER1 reporter assays, which may be a consequence of 

loss-of-function mutations in the cDNA, protein instability, or mutations in the CMV 

promoter that affect cDNA expression.     

Screening of Clock and Bmal1 mutants for insensitivity to Cry1 was performed 

by mixing a cocktail for 6,000 transfections that would deliver 20 l serum-free 

Dulbecco’s modified Eagle’s minimal essential medium (DMEM; GIBCO), 0.375 l of 

FuGENE6 transfection reagent (Roche Applied Sciences), 12.5 ng pGL3P-mPER1 

reporter
3
, 25 ng pCMV-Sport6 (Invitrogen) and 25 ng of wild-type pCMV-BMAL1 or 

CLOCK in to each well of the 384-well plates containing pre-aliquoted 62.5 ng of 

mutagenized pFLAG-hCLOCK or mBMAL1, respectively.  To compare activities in the 

absence or presence of CRY, 0 or 100 pg pCMV-mCRY1 plasmid, which repressed wild-

type CLOCK/BMAL1 activity to 40%, was added to mutant sets.  One hr after mixing, 20 

l of HEK293T cells (American Type Culture Collection) at a concentration of 5X10
5
 

cells/ml in DMEM, 20% fetal bovine serum (FBS; GIBCO), 0.2 mM nonessential amino 

acids (NEAA; GIBCO) and 2X Penicillin/Streptomycin/Glutamine (PSG; GIBCO) were 

added to the DNA/FuGENE6/DMEM mixture and incubated for 24 hrs at 37°C with 5% 
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CO2.  Dispensing of transfection mix and cells was performed with a Multidrop liquid 

handler (TiterTek). 

Luciferase activities were determined by dispensing 40 l of BrightGlo (Promega) 

directly to the 384-well plate by the Multidrop, incubating for 2 min and detecting raw 

luminescence units by an Acquest multimode reader (LJL Biosystems).  Luciferase 

activities were averaged from duplicate 384-well plates and compared to wild-type 

CLOCK/BMAL1 with or without co-transfected CRY1.  Clones exhibiting 2.5-fold or 

greater activities than wild-type controls in the presence of CRY1 were retrieved and 

repurified from the LB/10% glycerol frozen reference plates, and then retested for 

reproducible resistance to CRY1 repression.  Validated clones were DNA sequenced and, 

for those with coding changes, CLOCK or BMAL1 mutants were recloned into the 

unmutagenized pFlag vector and retested in 96-well luciferase reporter assays described 

below. 

 

Real-time single-cell bioluminescence imaging. Imaging of fibroblasts expressing 

untagged CLOCK/BMAL1 and Clock-3/Bmal1-4 were performed as described 

previously
4
.  Imaging was performed on the stage of an inverted microscope (Olympus 

IX71) heated to 36˚C using an environmental chamber (Solent Scientific).  Light was 

collected by an Olympus XLFLUOR 4X objective (NA 0.28), and transmitted directly to 

a cooled CCD camera (Series 800, Spectral Instruments) mounted on the bottom port of 

the microscope.  Noise was reduced by cooling the CCD to -92˚C, and 2X2 binning of 

the 1056X1032 pixel array.  Images were collected at intervals of 30 min, with 29.8 min 
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exposure duration, and acquired to computer using SI Image SGL B software (Spectral 

Instruments). 
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