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ABSTRACT

We isolated and characterized mouse photolyase-like
genes, mCRY1 (mPHLL1) and mCRY2 (mPHLL2),
which belong to the photolyase family including plant
blue-light receptors. The mCRY1 and mCRY2 genes
are located on chromosome 10C and 2E, respectively,
and are expressed in all mouse organs examined. We
raised antibodies specific against each gene product
using its C-terminal sequence, which differs completely
between the genes. Immunofluorescent staining of
cultured mouse cells revealed that mCRY1 is localized
in mitochondria whereas mCRY2 was found mainly in
the nucleus. The subcellular distribution of CRY
proteins was confirmed by immunoblot analysis of
fractionated mouse liver cell extracts. Using green
fluorescent protein fused peptides we showed that the
C-terminal region of the mouse CRY2 protein contains
a unique nuclear localization signal, which is absent in
the CRY1 protein. The N-terminal region of CRY1 was
shown to contain the mitochondrial transport signal.
Recombinant as well as native CRY1 proteins from
mouse and human cells showed a tight binding activity
to DNA Sepharose, while CRY2 protein did not bind to
DNA Sepharose at all under the same condition as
CRY1. The different cellular localization and DNA
binding properties of the mammalian photolyase
homologs suggest that despite the similarity in the
sequence the two proteins have distinct function(s).

INTRODUCTION

blue-light receptors5). Very recently, another photolyase-like
gene of the plamrabidopsis CRY2, was isolated and found to
regulate flowering in response to blue ligh}. (A cryl cry2
double mutant ofA.thalianawas more impaired in blue-light
responses such as anthocyanin accumulation and inhibition of
hypocotyl elongation than cryl single mutant suggesting some
overlaps in their functions as the blue-light receptd® (

Although CPD photolyases are distributed in various organisms
ranging from bacteria, yeast, insect and many vertebrates
including aplacental mammals, a human photolyase gene has not
yet been isolated®(10). However, recently in human cDNA data
bases, two photolyase-like genes were found, which are highly
similar to 6-4 photolyase3(11,12). A special feature of the
human photolyase-like genes is the presence of a C-terminal
extension, which is not present in photolyases, but found in CRY1
and CRY2 ofArabidopsisthough the sequence and the length of
the extended region completely differ among the genes. The
recombinant human photolyase-like gene products were found to
possess an FAD and a pterin cofactor but showed no photolyase
activity (12). Because of the absence of photolyase activity in the
recombinant photolyase homologs, it has been speculated that
human photolyase-like genes may encode human blue-light
photoreceptors. Accordingly, it was proposed to call the genes
hCRY1 and hCRY21(2).

To date, the absence of photolyase activity has only been shown
for recombinant plant or human CRY proteifg,{3). Further-
more, knowledge about the characteristics of the native proteins
including the subcellular localization or the DNA binding activity
of CRY proteins are completely lacking, which should be the
important clues for the understanding of their functions. Here we
report the cloning of two mouse CRY genes (MCRY1 and

Photolyase catalyses light-dependent repair of UV-induced DNRCRY2) and the characterization of their gene products in mouse
damage 7). Cyclobutane pyrimidine dimers (CPDs) have beedVer and human cells. Using specific antibodies, we show that the
known to be the substrates for photolyase (CPD photolyase), figmmalian CRY1 and CRY2 proteins differ in their subcellular
recently, another photolyase, acting on 6-4 photoproduct@calization and DNA binding characteristics.

(6-4PPs), was found). The gene encoding the photolyase for

6-4PPs (6-4 photolyase) showed similarity to the CPD photolyadATERIALS AND METHODS

genes ). Besides photolyases, a plant photolyase-like gene w
identified fromArabidopsis thaliang4). Mutations of the gene

@BNA source and cDNA cloning

resulted in a defective response of blue-light regulation fofhe following degenerate primers, designed from conserved
hypocotyl elongation of the plant. The gene product was namegquences among human hCRYArabidopsis CRY1 and
CRY1 from ‘cryptochrome’ previously proposed for ‘cryptic’ Chlamydomonaghotolyase homolog, were synthesized and
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used for cloning of the mouse homolog MCRY1; MB-51, d(TGGransferase ifescherichia colinost cells. The transformed cells
TTC CGI AAG GGG/C CTC CG) for WFRKGLR sequence andwere grown at 37C in 1 | LB medium with 0.1 mM ampicillin,
MB-31: d(CCA IGG A/GA/TA GCC IGT CCG ICC) for until an Agggof 0.6 was reached. Expression was induced by the
GRTGF/YPW sequence, where | indicates inosine base. Thraddition of a final concentration of 1 mM IPTG, and growth was
MRNA sources of brain, liver and a keratinocyte cell line otontinued at 37C for 3 h. Cells were collected and suspended in
mouse were used for cloning and complete cDNA sequenedysis buffer 50 mM Tris—HCI pH 7.6, 2 mM 2-mercaptoethanol,
determination. 5Sequence of the gene was obtained from & mM PMSF, 10% glycerol containing 100 mM KCI). Cell extract
mouse liver cDNA library (Invitrogen) by’ BRACE and 3  was prepared by sonication, followed by centrifugation at 32)000
sequence was obtained byRACE of cDNA prepared from for 30 min. GST-mCRYL1 fusion protein was obtained as a
MRNA of the mouse keratinocyte cell line PAM. The finalcomplex with E.coli GroEL, a molecular chaperonin. Eluted
sequence was determined by independent cloning and sequendirgion protein—~GroEL complex was digested with thrombin
of several cDNAs prepared from PAM cells by PCR usingrotease and applied to p-aminobenzamidine Sepharose 6B
primers containing the putative start and stop codons. T&igma) gel to remove the thrombin from the sample. To refold and
determine the C-terminal sequences of other rodent speciedease the recombinant mCRY1, the complex was incubated with
CRY1 homolog genes were isolated from cDNA of rat liver.5uM GroES, 5 mM ATP, 20 mM MgGJ| 1mM FAD at 25C for
(CLONTECH) or cDNA of Chinese hamster prepared from a5 min before application to a double strand (ds)DNA Sepharose.
ovary cell line, UV210, respectively. The mCRY1 was eluted with a step gradient 0.1-1.2 M KCI.

For the cloning of the mouse CRY2 gene, MCRY1 and hCRY2
were used as PCR primers: PHL-54, d[GG(G/C) TT(T/C) CCI _ o
TGG AT(T/CIA GA(T/C) GCI AT(T/CIA) ATG] for GFPWI- Antibody production and purification
DAIM; PHL-34, d[GGI TT(T/C) (T/G)CI TT(T/C) (A/G)AI ) , i ,
CT(T/C) CGI CG] for PKRKLEAA; PHL1251-1255, d[GTI Rab_blt polyclonal antibody to the mCRY1 protein was ra|s¢d
CA(C/T) TGG TT(C/T) (CIA)GI AA(A/CIT) GGI] for against a GST-mCRY1 fusion protein. Anti-mCRY1-CT anti-
VHWFRKG; PHL23-2, d[(G/A)CA (G/A)TA (GI/A)CA body was punﬂgd thrqugh a Sepharose column prepareq with
(GIATG (GIA)AA (GIA)AA (TIC)TG (T/IC)TG (G/IA)AA  cyanogen bromide activated Sepharose (Pharmacia) conjugated
(GIA)AA] for FFQQFFHCYC. Using mouse liver cDNA library with a fusion protein between GST and the amino acids residues
(Gibco), PCR with primers PHL-54 and CRY-34 yielded a 630 bgetween 506 ar_1d 607 frpm mCRYl._Annbody specific against
DNA fragment. Another PCR with primers CRY1251-5 andMCRY2 was raised against the peptide SGPASPKRKLEAAE,
CRY23-2 yielded a 1.2 kb DNA fragment. Additional sequence¥/Nich is present in the C-terminal part of mCRY2. Anti-
at the 3end were obtained from mouse liver cDNA library (Gibco)MCRY2-CT was purified by a Sepharose column containing
by PCR. DNA sequencing was carried out by the dideoxynucleotid@altose'b'”d'”g protein (MBP) fusion of the mCRY2 C-terminal

chain terminating procedure with fluorescence-labeled primeg€duence of 69 amino acids, which was prepared by fusion of the
using a SHIMADZU DSQ-1000. sequence to MBP in pMal-c2 vector (NEB). Since the same

sequence of this peptide is present in human hCRY2, anti-
MCRY2-CT recognizes hCRY2 as well.
Chromosomal localization

Genomic DNA fragments of 10 and 3, and 4 and 3 kb, containir@ell extract preparation of mouse liver cells and western

MCRY1 and mCRY2, respectively, were isolated by LA-PCRanalysis

(TAKARA). Each DNA fragment was biotin-labeled, and labeled

DNA fragment was used foin situ hybridization. After Mitochondria and nuclear fractions were prepared from the livers of

incubation with avidin D-FOTC (Vector, USA), the probes wergive mice by the standard methat¥4, which is briefly described

visualized by FISH as reported previously)( below. All subsequent procedures were carried out at@—4
Tissues were washed in PBS, swollen in 2 vol of 0.25 STM buffer

_ (50 mM Tris—HCI pH7.6, 25 mM KCI, 5 mM Mggland 0.25 M

Northern blot analysis sucrose) containing 1 mM PMSF and 10 mM 2-mercaptoethanol,

. - " and disrupted in a Dounce homogenizer with 6—7 strokes. The

A fissue northern blot containing.g of poly(A)” RNA per lane homogenate was centrifuged at gf@dr 10 min to obtain a crude

(Clontech mouse and human muliiple tissue northern blof) Wakiclear fraction and a post-nuclear supernatant. The crude nuclear

hybridized to32P-labeled DNA probes containing the isolated -
X . ellet was suspended in the same volume of 2.2 STM buffer (50 mM
coding region of each cDNA, mCRY1, mCRY2 and hCRY2, b tis—HCI pH7.6, 25 mM KCI, 5 mM MgGland 2.2 M sucrose)

using hybridization buffer (Clontech Express Hyb) for 1 h 4058 usin - - :
o X g a loose-fitting Dounce homogenizer and centrifuged at
mgmt;:aamneevygti;’gfr?;gl}‘gécee lTeﬁt?CtvE/(i)(.:gﬁwssDﬂsc) (fgr1%/5 rSnIIDnS?t 100 000g for 30 min. The pellets of nuclei were washed with
P d Y 70 0.25 STM buffer. The purified nuclei was consecutively extracted

for__15 min at 55C.__Hybridize_d membrane was analyzed with 3 wice with a buffer (50 mM Tris=HCl pH 7.6, 2 mM 2-mercapto-
Fujix BAS2000 (Fuji Photo Film) image analyzer. ethanol, 10% glycerol) containing 0.35 and 2.2 M KCI. The

post-nuclear supernatant was layered on 0.35 M STM buffer and
Purification and refolding of recombinant mCRY1 protein centrifuged at 70Q for 10 min. The supernatant was collected and

this procedure was repeated. The supernatant was centrifuged at
A DNA fragment containing the whole cDNA of the mouse8000g for 10 min and pellet was suspended in 0.25 M STM buffer.
MCRY1 gene was introduced into pGEX4T-2 (Pharmacia) fofhis procedure was repeated to obtain purified mitochondrial
production of recombinant proteins fused with glutathiBne- fraction.
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mCRY1 1 - MGVRAVHHFRRGLRLHDNPALKEC TOGADT TRC VY TLDPRFAGS SHVG TNRARF LLOCLEDLDANL RKLRSRLFVTRGOPADVF PRLFREWNT TRLSTE YOSEPFCRERDAATRKUATEA]
mCRY2 1' --ASS LAAVR RCV A S S TS v GV R TF M MK

121' GVEVIVRISHTLYDLDKIIELNGGQPPLTYKRFQTLVSKMEPLEMPADTITSDVIGKCMTPL SDDHDEKYGVPSLEEL GFDTDGLSSAVWPGGETEAL TRLERHLERKAWVANFERPRMN
119 VTEN R Q A I R LPKK VAVS SRMES RAEIQKN DT PE GP Q A DK Y

241 ANSLLASPTGLSPYLRFGCLSCRLFYFKLTDLYKKVKKNS SPPL SLYGQLLWREFFYTAATNNPRFDKME GNPTCVQIPWDKNPEALAKWAE GRTGFPWIDAIMTQLRQE GWIHHL ARHA
239" YR W R T F RV R K

361. VACFLTRGDLWI SWEEGMKVFEELLLDADWSTNAGSWMAL SCSSFFQQFFHCYCPVGFGRRTDPNGDYIRRYLPVLRGFPAKYTYDPWNAPEGIQKVAKCLIGVNYPKPMVNHAEASRLN
359 V SW D FVv A KK SR E SV A I DRI T

481 TERMKQIYQQLSRYRGLGLLASVPY
479" C

601 QROSSN

NN ONGNGGLMGYAPGENVPS TS SSGNGGLMG YAPGENVPS CSGGNC SOGSGTLHY AHGDS OO THSLKOGRSSAG TG LS SGRRPSOEEDAQSVGPRY
CVEDLSHPVAEPGSSQAG T NT PRA SSGPASITTY FAAEEPPGEEL TKRARVIEMPTQEPASKDY)

Figure 1. Amino acids sequence alignment of mouse mCRY1 and mCRY2. Regions fused with GFP are indicated by boxes. Arrows indssxjaaegedt
mCRY1. The putative nuclear localization signal sequence in mCRY2 is shown by white letters on a black background.

Identification of the purity of nuclear and mitochondrial Leica DMLB microscope using L4 filter cube. For identification
fractions of mitochondria, MitoTracker Red CMX VOS probe (Molecular

A monoclonal antibody against PCNA (CALBIOCHEM), which probe) was used.
stains nuclear and cytosol fractions, and a monoclonal antibo fini | h h
against the mitochondrial cytochrome C (PharMingen) were us&¥PNA-affinity column chromatography

to identify the origin and the purity of the prepared fractions fromy gspNA-affinity column was prepared by linking calf thymus

cell extracts. dsDNA to CNBr-activated Sepharose (Pharmacia). Cell extracts
or recombinant protein were loaded onto a 2 ml dsDNA-Sepharose

Fluorescence detection of the expressed fused gene productscolumn equilibrated with buffer A (50 mM Tris—HCI pH7.5, 2 mM

in transfected cells PMSF) containing 0.1 M KCI. Column was washed with the same

The N-terminal sequence of the mCRY1 cDNA (the first 120 amingﬁgelr gnl\(jl ?(Ilétle;ﬁ \l;vll,gf]e? ZtEp gradient using 0.2, 0.3,04,0.5,0.6
acids of the gene product shown in Higwas fused behind the ' '

GFP atXhd (5' end) andKpnl (3' end) sites in pEGFP-N1

plasmid (CLONTECH). The mCRY2 C-terminal 69 amino acidRESULTS

(Fig. 1) was fused ir_1 front of the GFP sequenc)ﬁhﬂ (5" end)  Mouse homologs of human CRY1 and CRY?2

andKpnl (3' end) sites in pEGFP-C1 plasmid (CLONTECH).

Mouse C3H10T1/2 cells were cultured on glass coverslip inDNAs of the mouse genes mCRY1 and mCRY2 were isolated
MEM medium supplemented with 10% FBS and 2 mMbased on their sequence similarity to human counterparts. Their
L-glutamine at 37C. Cells were washed with serum-free mediundeduced amino acids sequences are highly similar to each other
and then incubated at 3Z for 5 h in Opti MEM | (Gibco BRL) as shown in Figuré. However, there are apparent differences
containing 3ug of DNA and 2Qug of Lipofectamin (Gibco BRL) between human and mouse CRY genes. mCRY1 (sequence data
for transfection. MEM with 20% FBS was added and incubatet$ registered as mPHLL1 no. ABO00777) contains an 18 amino
at 37C for 18-24 h. Then cells were replaced in the MEM withacid repeated sequence in the C-terminus, shown by two arrows
10% FBS medium and incubated af @7for 24 h. Cells were in Figurel, which is not found in its human counterpart. This
washed once with PBS and then fixed with 4% paraformaldehydesertion was found in all the mouse cDNAs obtained from three
in PBS for 30 min at room temperature before viewing with aifferent sources (brain, liver and a keratinocyte cell line).

Leica DMLB microscope using L4 filter cube. However, such insertion was not found in rat CRY1 prepared
from rat brain or in Chinese hamster CRY1 prepared from a
Indirect immunofluorescence Chinese hamster ovary cell line (not shown), suggesting that this

) ) ) _ insertion appears to be a recent event. Concerning mCRY2, we
Indirect immunofluorescence was performed using Tyramidghink that the sequence shown in Figlieased on the nucleotide
Signal Amplification as recommended by the manufacturesequence for mPHLL2 no. AB003433) lacks its N-terminal
(NEN Life Science Products). Mouse C3H10T1/2 cells grown ifegion, because the putative initiation codon for translation was
coverslip were washed with TNT buffer (0.1 M Tris—HCI pH 7.5,not determined and the native mCRY2 gene product in mouse
0.15 M NaCl, 0.05% Tween 20) and fixed with fresh 4%jver cells was identified as a protein @0 kDa by western
paraformaldehyde in PBS for 10 min at room temperature. Theotting, in contrast to the protein of 70 kDa determined for its
fixed cells were treated with 0.2% Triton X-100 in PBS for 2 minhuman counterpart (see below). Possibly due to a very stable
The blocking reaction was performed by incubating cells witecondary structure in mMRNA of mMCRY?2 &efd, the 5end of
TNB buffer [0.1 M Tris-=HCI pH 7.5, 0.15 M NaCl, 0.5% the mouse CRY2 mRNA is difficult to obtain.
blocking reagent (NEN)] for 30 min. After cells were kept in the
primary antibody for 1 h at room temperature, cells were wash ot
with TNT buffer and incubated for 1 h with biotinylated goa'?(';h romosomal localization of the mouse genes
anti-rabbit IgG. Cells were then washed in TNT buffer, incubateth situ hybridization was done to determine the chromosomal
with streptavidin-HRP for 30 min, washed with TNT buffer, localization of mMCRY1 and mCRY2 genes. mCRY1 was mapped at
incubated with biotinyl tyramid (NEN) for 30 min, and subsequentlichromosome 10, band C (F&f), and mCRY2 at chromosome 2,
incubated with streptavidin—-FITC. Cells were viewed with &and E (Fig2C).
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Figure 2.In situ hybridization of mouse metaphase chromosomes with biotinylated mouse SRafid(CRY2 C) genomic DNA probes. The DAPI banding of
the metaphase of (A) and (C) are showrBjpdnd D), respectively. The arrowheads indicate the hybridization signals localized on chromosome 10, band C for
mCRY1, and chromosome 2, band E for mCRY2.

Northern analysis of the mouse genes nucleus were loaded on each lane for the western analysis. As a
. . . control for the purity of the fractions, antibodies against PCNA and
Figure 3A and B depict northern blot analysis of MCRY1 and.ytochrome C were used to identify their presence in the nuclear and

mCRY2 mRNAs from various mouse tissues, respectivelyyiiochondrial fraction, respectively.

Expression of MCRY1 was found in all tissues examined with the
ig'%Z?ts?:]ﬁgiz'?Q;ngﬁ;ﬁiﬁiﬁ%%m’]‘tﬁé};gtsgi(g;g;s;z&?ﬁ%z%unochemical identification_of th'e cellular localization

(11). Two transcripts of 3.0 and 4.4 kb for mMCRY1 were identifie the proteins and their targeting signals

in all tissues of mouse as was the case for hCRY1 gene. Theing indirect immunofluorescence microscopy, we visualized
expression pattern of mMCRY2 was not much different from thahe localization of the proteins in mouse C3H10T1/2 cells.
of mCRY1. Only the expression of mMCRY2 in spleen was mucAnti-mCRY1-CT stained organelles outside of the nucleus in
lower than those in other tissues. To compare the expressionmbuse cells (FighAl). Figure5A2 shows the staining of the
mCRY2 with that of hCRY2, hCRY2 expression was alsanitochondria of the same cells, which can be superposed in
analyzed using cDNA of hCRY2 as the probe (FG). In  Figure5A3, showing that mCRY1 is present in the mitochondria.
contrast to the mouse blot, hCRY2 gene is expressed in spleerraxontrast to mCRY1, the target protein recognized by the
much as in other tissues. Thus, mammalian CRY1 and CR¥&ti-CRY2—CT resides mainly in the nucleus (BB1), which
genes have the character of house keeping genes. does not overlap with spots of the mitochondrial immunostaining
(Fig. 5B2 and B3).

Analysis of the deduced amino acid sequences suggests that the
N-terminal sequence in mMCRY1 (indicated by a box at the
To discriminate between mMCRY1 and mCRY2 proteins havindl-terminus of mCRY1 in Figl) may serve as a signal sequence
highly conserved sequences, we raised antibodies specific to foe transport of the protein into mitochondria. In mouse and
unique C-terminal sequence of each protein, anti-mCRY1-Chiuman CRY2 there is a putative nuclear localization signal
and anti-mCRY2-CT, respectively. Using these antibodies, weequence, PKRK, in its C-terminal region (indicated by white
found that mCRY1 is present only in the mitochondrial extractketters on a black background of the mouse CRY2 inlfrighis
prepared from mouse liver cells, whereas mCRY2 was detectedquence was found neither in mouse nor in human CRY1 genes.
mainly in the nuclear extracts (Fi§. One should not overestimate We examined whether short DNA fragments containing these
the amount of mMCRY2 in mitochondria from this western blotsignal sequences are able to function as the targeting signals for
because the same amount of proteins from mitochondria atrdnsport of the proteins to each organelle. Therefore, genes

Western analysis of mouse proteins
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Figure 5. Subcellular localization of mouse CRY proteins identified by
immunofluorescence microscopy in mouse C3H10T1/2 cells. CRY proteins
were directly visualized by anti-mCRY1-CAX) or by anti-mCRY2-CTH1).

(A2) and (B2) show the fluorescence produced by MitoTracker. (A3) and (B3)
represent the superposed figures of the panels 1 and 2.

Figure 3. Northern blot analysis of different mouse and human tissues for o . .
mRNA expression of MCRYA(), mCRY2 8) and hCRY2C). Northern blot Purification of a recombinant mMCRY1 protein by dsDNA
analysis of human tissues by hCRY1 was already reported (9). Sepharose

SDS gel of crude extracts frdfcoli cells expressing recombinant
GST-fused MCRY1 gene is shown in Figdykane 1. The extract

123 o 123 was applied to a glutathione Sepharose column and bound protein
by was eluted with glutathione (Fig, lane 2). The eluate was then
| 100— incubated with thrombin to cleave the fused protein and applied
to Q-sepharose (Fig, lane 3). Since the eluate contained a large
] amount of the molecular chaperonine GroEL protei.obli
- host cells, the eluate was further incubated with GroES in the
o presence of ATP. We found that the recombinant mCRY1 was able
wil to be separated from the chaperonine proteins on dsDNA Sepharose
: , column yielding homogeneously purified recombinant mCRY1
il it (Fig. 7, lane 4). This shows that the recombinant mCRY1 protein
- — - is able to bind dsDNA Sepharose.
anti-cytochrome C anti-PCHNA

DNA binding of CRY1 and CRY2 proteins in human and

mouse cell extracts
Figure 4. Western blot analysis of mCRY1 and mCRY2 proteins in the

cytosolic (1), mitochondrial (2) and nuclear (3) fractions of mouse liver cell We analyzed DNA binding activity of endogenous CRY proteins
homogenates. Antibodies used are indicated in the figures. Anti-cytochrome @sing a dsDNA Sepharose column. The mitochondrial extracts
and anti-PCNA were used to estimate the relative purity of each fraction. o m mouse liver were applied on dsDNA Sepharose and bound
proteins were eluted by buffers with gradient KCIl concentrations.
The presence of MCRY1 and mCRY2 was identified by their
encoding the green fluorescence protein (GFP) which fusespecific antibodies. Figu@A shows that mCRY1 protein in the
behind the N-terminal region of mCRY1 or in front of themitochondrial extracts was mainly eluted by buffers containing
C-terminal sequence of mCRY2 were transiently expressed i3 and 0.6 M KCI concentration, whereas mCRY2 was found
mouse C3H10T1/2 cells. Although expression of GFP alone gawaly in the pass-through fraction of the column. The binding
a dim distribution of the fluorescence (F&y.top panel), the profiles of both proteins did not change, if single stranded
N-terminal sequence of CRY1 [CRY1(NT)-GFP] transferred théss)DNA Sepharose or, more importantly, UV-irradiated DNA
GFP to the mitochondria-like organelles (FBgsecond panel). Sepharose instead of dsDNA Sepharose was used (not shown).
The C-terminal sequence of the CRY1 made GFP to a simildihe recombinant mCRY1 also bound tightly to the column,
distribution as GFP alone (Fi@, third panel), while a clear although the elution profile of the recombinant protein showed
nuclear localization of GFP fused with the CRY2 C-terminathe main peaks at 0.2 , 0.5 and 1.2 M KCI concentration, which
sequence was obtained (FBgbottom panel). These data suggestvas slightly different from that of the endogenous protein. The
that both terminal sequences function as the targeting signals fative protein may bind DNA Sepharose as a complex with other
each protein. protein(s), which influences the binding characteristics to DNA
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A 01 02 0.5 04 05 06 12 [MEKCY]

mCRYs  -—

mCRY1 - efP—
recombinant
mcayr ‘ * ™ -

B 01 02 03 04 05 06 12 [MKC]

hCRY2 ==

hCRY - - .

Figure 8.ldentification of mouse and human CRY proteins by DNA Sepharose
chromatographyA) Mitochondrial fraction from mouse liver cells was applied

on dsDNA sepharose and the presence of mCRY1 and mCRY2 proteins were
identified by western analysis. Purified recombinant mCRY1 was also
identified in eluted fraction from the columiB)(Total HeLa extracts were
applied on dsDNA Sepharose and eluate was identified by the antibodies
against mCRY1 and mCRY2, which cross-react their human counterparts.

Figure 6. Localization of GFP-fused terminal sequence of mouse CRY proteins.

GFP alone [GFP(control)]; GFP-fused N-terminal sequence of mMCRY1
[CRYL(NT)-GFP]; GFP-fused C-terminal sequence of mCRY1 [GFP-CRY1(CT)] DISCUSSION
and GFP-fused C-terminal sequence of mCRY2 [GFP-CRY2(CT)] were

transfected into C3H10T1/2 and GFP fluorescence was visualized. There are contra dicting results about the photolyase activity in

human cells. While the presence of photoreactivating activity
against CPD was shown in human blood cé&l, @nother report
indicated that HeLa cells and human white blood cells do not
12 3 4 possess any CPD photolyase activit§)( Despite the discussions,
two human photolyase-like genes have been identified in
< GSTmCAY1 databases and the complete sequences were obtaihkd?).

- mCRY Both genes encode proteins, which are highly homologous
g GrE (CB0% identity of amino acid sequence) to the recently identified
50 - - 6-4 photolyases fronDrosophila and Arabidopsis(3,17) but

R I differ significantly in the primary sequence from the class Il CPD
photolyases found in aplacental mammals and higher eukaryotes,
= . or from the class | CPD photolyases found in a number of
'! ; st microorganisms. Therefore, the finding of the human photolyase
: - homologs does not answer the longstanding question whether
human possesses CPD photolyase or not. However, neither CPD
nor 6-4 photolyase activity was detected in the recombinant human
Figure 7. Purification of recombinant mouse mCRY1 protein fr&ncoli photolyase homologslg). Since the recombinant proteins from
extracts. Crude extracts (lane 1), eluate from glutathione column (lane 2), eluate.coli are highly contaminated with bacterial chaperonines
from Q-Sepharose after treatment of the eluate with thrombin (lane 3) anqFig. 7) and were only analyzed as fusion proteins, characterization
eluate from dsDNA Sepharose (lane 4) are shown. of the native mammalian proteins was necessary. Therefore, we
cloned the mouse homologs of the human genes, raised specific
antibodies to each protein and determined two essential characters
Sepharose. Furthermore, since the recombinant mCRY1 wafthe proteins, subcellular localization and DNA binding property.
produced irE.coli in a tight complex with GroEL (Figr), the Most interestingly, we found by fractionation of cell extracts as
protein folding of the recombinant CRY1 may be changed angell as by immunocytochemistry that the two mammalian CRY
influenced the binding profile. We used the same method for thoteins reside in different organelles: mCRY1 protein is
whole cell extracts from HelLa cells. The elution pattern with théocalized in the mitochondria, while mCRY2 was mainly found
elution peaks at 0.3 and 0.6 M KCI was obtained for hCRYin the nucleus. GFP-fused peptides showed that the presence of
(Fig. 8B), which was the same as that of mouse mitochondriahCRY2 in the nucleus is probably due to a functional nuclear
extracts. The human CRY2 from the whole HelLa cell extract®calization signal (NLS) sequence in the extended C-terminal
was found exclusively in the through fraction of the DNAregion ofthe mCRY2 gene. This NLS is also found in hCRY2, but
Sepharose column, as was the case for the mouse mitochondniai in mMCRY1 and hCRY1 proteins. In case of CRY1 protein,
extracts. These results indicate that, in contrast to CRY1 proteithere is a functional mitochondrial transport signals at the
both nuclear and mitochondrial mammalian CRY2 proteins di8ll-terminal region of the protein. Unfortunately, we could not
not bind to the DNA Sepharose column. identify a similar mitochondrial transport signal in mCRY2
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protein, because the N-terminus of the cDNA is still incomplethomologs function as a photoreceptor in the circadian clock. The
However, our cell fractionation experiments (Higindicate that characteristics of CRY proteins reported in this paper may be
while the majority of CRY2 is transported into the nucleus due tionportant to explain the possible function of the CRY1 protein in
the above-mentioned NLS signal, a small portion of CRY2 ishe circadian clock. There were a number of reports describing the
imported into mitochondria. The same results as the mouselationship between mitochondria and the circadian clock (see
proteins were obtained for the human proteins (not shown). B2 for review). Several inhibitors of mitochondrial functions lead
conclusion, the mammalian mitochondria contain both CRYo large phase shifts in the rhythms of plants, microorganisms and
proteins, whereas in the nucleus only CRY2 is present. animals. Studies using cells of the filamentous fiNeirospora

We found marked differences not only in the subcellulacrassasuggested that some part of the oscillator may be localized
localization of the CRY proteins, but also in their ability to bindto the mitochondria, or alternatively, that the clock mechanism
DNA. In contrast to CRY2, which was not retained on dsDNAmMay be influenced by mitochondrial functidts). Although the
Sepharose column, the native mCRY1 binds to the column agapression patterns of the mouse CRY genes in the retina and the
eluted at two distinct peaks at KCI concentrations around 0.3 a&CN are suggestive, there is no direct evidence that the
0.6 M (Fig.8A). Since it cannot be excluded that mCRY1 bindgnammalian CRY proteins are involved in the circadian rhythms.
to DNA via associating proteins, we have also performed DNAhe expression of both CRY genes in all the mouse and human
binding studies with purified recombinant mCRY1. The bindingorgans may suggest other (or additional) house-keeping functions
of the protein to dsDNA Sepharose did not differ much from thaaf the mammalian photolyase homologs. Further studies using
of the endogenous CRY1 protein (F84\), suggesting that DNA gene-disrupted animals or cell lines are required to identify the
binding is a property of mCRY1 itself. Since the amino acideal function(s) of these photolyase-like proteins.
sequence of the photolyase-core portion of the CRY1 is highly
similar to that of the CRY2 and photolyases are well known DNACKNOWLEDGEMENTS
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column (data not shown), suggesting that the native mammalian
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