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ABSTRACT

Photoreactivating enzyme, DNA photolyase, reduces
lethal, mutagenic and carcinogenic effects of ultraviolet
light (UV) by catalyzing near UV or visible light-
dependent repair of cyclobutane pyrimidine dimers
(CPDs) in DNA. The enzyme activity has been detected
in a wide variety of organisms ranging from bacteria
to nonplacental mammals. However, the evidence for
photoreactivation in placental mammals, including
humans, is controversial. As a first step to identify the
presence and activity of the gene in mammalian
species, we isolated a cDNA clone of this gene
from a marsupial, the South American opossum
Monodelphis domestica. Photolyase activity was
expressed in Escherichia coli from the cDNA which is
predicted to encode a polypeptide of 470 amino acid
residues. The deduced amino acid sequence of this
protein is strikingly similar to those of photolyases from
two metazoans; the opossum photolyase shares 59%
and 63% sequence identity with the Drosophila
melanogaster and goldfish Carassius auratus enzymes,
respectively. However, no closely related nucleotide
sequence was detected in higher mammals and a
homologous transcript was undetectable in a number
of human tissues. These results strongly suggest that
humans, as well as other placental mammals, lack the
photolyase gene.

INTRODUCTION

Epidemiological as well as experimental evidence is accumulating
to indicate that ultraviolet (UV) light is the primary etiologic agent
of human skin cancers, because it induces DNA photoproducts
(1). Thus, repair of critical UV-induced DNA lesions is an
important step toward the prevention of tumor formation (2).
Photoreactivation is a simple and efficient DNA repair pathway

which reduces lethal, mutagenic and carcinogenic effects of UV
(3—6). This process is mediated by DNA photolyase (EC
4.1.99.3) which splits cyclobutane pyrimidine dimers (CPDs),
the major UV photoproducts in DNA, in the presence of near
UV or visible light (4,7). The enzyme activity has been detected
and characterized in a wide variety of organisms ranging from
bacteria to nonplacental mammals (3 —8), whereas the evidence
for photoreactivation in higher mammals, including humans, is
controversial (9—12). Thus, the question of whether a DNA
photolyase activity is present in humans is of considerable
significance to public health (13).

In an ecarlier study (14), we identified two distinct light-
dependent repair enzymes in Drosophila melanogaster; an
ordinary DNA photolyase for splitting CPDs and a new
photoreactivating enzyme that repairs (6-4)photoproducts.
Subsequently, by expressing a cDNA library constructed from
Drosophila in a photolyase-deficient (phr—) Escherichia coli
strain, the Drosophila photolyase gene was cloned and sequenced
(15). Comparison of the predicted amino acid sequences of
photolyases from the Drosophila (15) and goldfish Carassius
auratus (16) revealed extremely conserved sequences throughout
the polypeptides. This provided an opportunity to isolate cDNA
of a mammalian photolyase gene by using the conserved
sequences as probes, and to examine the presence and activity
of the gene in various mammalian species. Here, we describe
the isolation of a cDNA clone of this gene from a marsupial,
the South American opossum Monodelphis domestica. We report
the primary structure of the opossum photolyase and suggest a
probable absence of the gene from higher mammals.

MATERIALS AND METHODS
Cells and culture conditions

A corneal tumor cell line DG3-3R derived from the opossum
M.domestica (5) was kindly provided from Dr Ronald D.Ley,
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Center for Photomedicine, Lovelace Medical Foundation,
Albuquerque, New Mexico, USA, and used to isolate cDNA
clones for DNA photolyase. M.domestica is known to possess
active DNA photolyase (5, 17). DG3-3R cells were maintained
in Dulbecco’s modified minimum essential medium (DMEM)
supplemented with L-glutamine, essential and non-essential amino
acids, vitamins, and 10% fetal bovine serum (Hyclone). For ‘zoo’
blot analysis, the following twelve mammalian cell strains were
used; PtK2 (rat kangaroo), Tb1Lu (bat), m5S/1M (mouse), V79
(Chinese hamster), MDCK (dog), LLC-PK1 (white rabbit),
Mvl1Lu (mink), PK(15) (pig), MDBK (bovine), Muntjac (Indian
muntjac), CL (chimpanzee) and HeLa S3 (human). They were
grown in DMEM supplemented with 10% fetal bovine serum.
Other information for these cell lines is given elsewhere (18).

Oligonucleotide primers, PCR-mediated amplification and
sequencing

Oligonucleotide primers (K1—K8) were synthesized in a DNA
synthesizer (Applied Biosystems, Model 381A). Poly (A)*
RNA was extracted from DG3-3R cells by a standard method
(19, 20). Opossum photolyase cDNA was isolated by several
steps of amplification from the poly(A)* RNA using reverse
transcriptase-mediated polymerase chain reaction (RT-PCR) (19)
with SUPERSCRIPT™ II RNase H-Reverse Transcriptase
(GIBCO BRL). The 5’ and 3’ ends of the cDNA fragment were
extended by rapid amplification of cDNA ends (RACE) PCR
(21), using 5’ and 3’ RACE Systems (GIBCO BRL), respectively.
Denaturation for all the PCR reactions was carried out at 94°C
for 1 min, and other amplification conditions were as follows:
K1 and K2 primers, annealing (57°C, 2 min) and extension
(72°C, 3 min), 40 cycles; K7 and K8 primers, annealing (58°C,
2 min) and extension (72°C, 4 min), 35 cycles; 5’'RACE PCR,
K3 and anchor primers, annealing (58°C, 2 min) and extension
(72°C, 3 min), 40 cycles; K4 and universal amplification primers,
annealing (57°C, 2 min) and extension (72°C, 3 min), 40 cycles;
3’ RACE PCR, K5 and d(T),; primers, annealing (58°C, 2
min) and extension (72°C, 3 min), 30 cycles; K6 and d(T);
primers, annealing (58°C, 1.5 min) and extension (72°C, 2.5
min), 30 cycles.

Direct DNA sequencing of both strands of purified PCR
products was performed by the dideoxynucleotide chain
termination method (19) with BcaBest™ Dideoxy Sequencing
kit (TAKARA, Japan).
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Phenotypic rescue of photolyase-deficient E.coli cells

Escherichia coli strain SY2 (JM107 Aphr::Cm" AuvrA::Km*
ArecA::Tet") (16), which contains a. deletion in the DNA
photolyase gene (phr), was a generous gift from Dr Akira Yasui,
Institute of Development, Aging and Cancer, Tohoku University,
Japan. All methods were essentially the same as described
previously (15,16). Briefly, overnight cultures of SY2 cells
harboring either cloned opossum photolyase cDNA, Drosophila
photolyase cDNA or empty vector, were appropriately diluted,
spread on agar plates containing antibiotics and irradiated with
254 nm UV. Half of the irradiated plates were immediately
illuminated with visible light (National fluorescent lamps FL15D)
for 60 min at a distance of 2 cm through a 10 mm thick glass
plate, keeping the other halves in the dark. Colonies were counted
after overnight incubation at 37°C to determine survivals.

Assay of Micrococcus luteus UV endonuclease-sensitive sites
(ESS)

Activity of the opossum cDNA-encoded photolyase to repair
CPDs was assayed by disappearance of the sites sensitive to
M.luteus UV endonuclease, which cleaves DNA specifically at
CPDs (ESS assay), as described (14, 15, 22). In brief, E.coli
SY?2 cell extracts containing recombinant opossum photolase were
prepared by sonication of cells, mixed with UV-irradiated 86 bp
T8-3 DNA probe labeled with 32P, and illuminated with
photoreactivating light. After the treatment, the DNA probes were
recovered by phenol extraction, incubated with M.luteus UV
endonuclease and then electrophoresed on a 6% denaturing
polyacrylamide gel. The M. luteus UV endonuclease was supplied
by Dr Hiroshi Mitani, Zoological Institute, University of Tokyo.

Southern and Northern blot analyses

Genomic DNAs of DG3-3R cells and the mammalian cell lines
of twelve different species described above were isolated by
established procedures (19). DNAs of Drosophila and chicken
were isolated from whole larvae and embryos, respectively.
Medaka fish DNA was a gift from Dr Hiroshi Mitani. Genomic
DNAs were digested with BamHI and subjected to Southern
hybridization with 32P-labeled opossum photolyase cDNA as
described (19, 20), except that the filters were washed in
0.5XSSC containing 0.2% SDS at 60°C for 30 min.

Total RNAs were isolated from DG3-3R cells and Drosophila
ovary by the methods described previously (14, 20) and then
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Figure 1. Nucleotide sequences of 5' (K1) and 3’ (K2) primers used to clone the 1.1 kb opossum photolyase cDNA middle fragment and the corresponding conserved
sequences in the cloned cDNAs encoding goldfish Carassius auratus and Drosophila melanogaster photolyases. Lower case letters represent bases in the primer
sequences and the linker sequences are underlined; i indicates inosine, and letters in parentheses indicate that two bases are equally present at these positions in
the oligonucleotides. Deduced amino acid sequences of Carassius (16) and Drosophila (15) photolyases are shown in single capital letter codes.



poly(A)* RNAs were purified by standard procedures (19).
Two pug of the poly(A)* RNAs were hybridized with opossum
photolyase cDNA probe as described (19,20). Human multiple
tissue Northern blots were purchased from CLONETECH
(Catalog #7759-1 and #7760-1). Hybridization was carried out
as recommended by the supplier and the filters were washed in
1XSSC containing 0.2% SDS at 55°C for 30 min.

RESULTS
Isolation of opossum photolyase cDNA

The presumed opossum photolyase cDNA was amplified from
poly(A)* RNA of DG3-3R cells by RT-PCR using two 26
nucleotide primers, K1 and K2. These primers were constructed
on the basis of the highly conserved sequences near the amino-
and carboxyl-termini, respectively, of the Drosophila and goldfish
Carassius enzymes (Fig. 1). The resulting 1.1 kb cDNA middle
fragment was extended to both 5’ and 3’ ends by RACE PCR.
To extend the 5’ end of the cDNA fragment, DG3-3R cell nRNA
was reverse transcribed with a 5’ RACE kit using a gene specific
primer K3 (positions of the K3 and other primers below are
indicated in Fig. 2). The reaction products were used as template
for PCR amplification with the K3 primer and the anchor primer
supplied with the kit, and further amplified with an internally
nested primer K4. The resulting 530 bp PCR product was purified
and sequenced, which revealed the presence of an in-frame start
codon about 140 bp upstream of the 5’ end of the 1.1 kb cDNA
fragment. Similarly, 3’ end of the mRNA was isolated by 3’ RA-
CE with a gene specific primer K5, followed by PCR
amplification with a nested primer K6. This yielded 1.4 kb PCR
products including a stop codon, which was located about 150
bp beyond the 3’ end of the 1.1 kb cDNA. Finally, based on
the sequence information of the RACE products, additional
primers, K7 and K8, were designed for cloning the entire coding
sequence by RT-PCR amplification of DG3-3R mRNA. The
resulting 1.5 kb PCR product was purified, subcloned into
expression vector pCRII™ (Invitrogen), and the sequence was
determined. Figure 2 shows the nucleotide sequence of the PCR
product combined with those of the 5’ and 3’ RACE products.

Photoreactivating activity expressed by the opossum cDNA

To test whether the isolated opossum cDNA encodes active
photolyase, expression of the enzyme activity was assayed by
phenotypic rescue of phr~ E.coli SY2 cells following UV
exposure. Twelve independent cDNA plasmid clones were
transfected into SY2 cells, and tested for expression of the
photoreactivating activity. Six identical clones demonstrated
efficient photoreactivating activities, and were named pOPC1.
Figure 3 shows a typical example of photoreactivation of UV-
induced killing in SY2 cells transformed with pOPC1. The
opossum cDNA clone conferred the photoreactivating activity
to the phr~ E.coli cells, as efficiently as the DNA photolyase
c¢DNA of Drosophila. This strongly suggests that pOPC1 encodes
an opossum photolyase. To confirm this possibility, cell extracts
from SY2 harboring pOPC1 were checked for the activity to
repair CPDs by ESS assay with M. luteus UV endonuclease. As
shown in Fig. 4, CPDs (measured as ESS) disappeared from UV-
irradiated DNA on treatment with cell extracts in the presence
of photoreactivating light (lane 5), as revealed by the absence
of shorter DNA fragments, whereas such activity was neither
detected on treatment in the dark (lane 4) nor without cell extracts
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(lane 3). These results demonstrate that pOPC1 encodes the
opossum DNA photolyase.

Comparison of the opossum, Drosophila and goldfish
sequences, and the occurrence of related sequences in
mammals

The sequence of the 1.5 kb insert in pOPC1 shows the presence
of an open reading frame of 1,413 bp that is predicted to encode
a protein of 470 amino acids with molecular weight of 54,686
daltons. The deduced amino acid sequence of this protein is

CCCTGGACCT CGAGCTGCTG CTGCTGCGTA AAGCGCGGAC ACTGTGTGCT 50
TGGCCTAGCT TGTTGCGAGC TCCGCCGGAC GCGGGGGGCC TCGGGCTTCC 100
AGCACTGTTT ACAACCGCCC CCAGAATAAA AGGAATAAGA CCCACCATGG 150
CCCCCAAAAA GAGGAGCCTT GGTGACGGTG ATGAGCAAGA GAAGACAGAA 200
ACCCGGAGAA TAAAACCAAG AGGAAGCCTC TCCAGAAACA CCAATTCAGT 250
AAGAGTAACG TGGTTCAGAA AGAAGAGGAA AACAAGAGAG AGGGAGAGAA 300
AAAGGGAGGA SCAGAAGGCT TGCAAGAAGT CGTGRTGCAG TCCAGGCTGC 350
AGACAGCTTC CTCTGTGCTG GAATTTCGTT TTAACAAACA ACGAGTGAGA 400
CTCATCTCCC AGGACTGCCA CCTGCAGGAC CATTCCCAGG CCTTTGTGTA 450
CTGGATGTCT CGGGACCAGA GAGTACAAGA TAATTGGGCT TTCCTTTATG 500
CCCAGAGGTT GGCCCTGAAA CAGAAGCTGC CCCTGCATGT CTGTTICTGT 550
CTCGCACCCT GCTTCCTGGG TGCTACCATT CGCCATTATG ACTTCATGCT 600
TCGTGGTCTG GAAGAAGTAG CCGAGGAGTG TGAGAAGCTG CACATCCCCT 650

TCCACTTGCT TCTGGGCCTG
GCACATAGCA TTGGTGGCAT
TACTCAGTGG GTGAAGGATG
TTGTCCAGGT AGATGCTCAC
AAGCAGGAAT ATGGTGCTCG

CCAAAGGATG TACTGCCTGC
CGTGACGGAC TTCTCCCCTC
TCCAGGACGG GCTGCCAAAA
AACATTGTTC CGTGCTGGAT
CACCATTCGA CACAAGATCC

CTTCGTGCAG
TGCTGCACCA
CAGGTGCCTT
AGCCTCAGAC
ATGACCGGCT

700
750
800
850
900

TCCTCATTTT CTTACTGAGT TCCCCCCTGT TATATGTCAT CCGTATCCTT 950
CAAACATTCA GGCTGAGCCT GTGGACTGGA ATGCCTGTCG GGCAGGATTG 1000
CAGGTGGATC GATCAGTGAA GGAAGTGTCC TGGGCCAAGC CAGGAACTGC 1050
CTCAGGCCTG ACCATGTTGC AGTCCTTCAT ATCCCAGAGG CTCCCCTACT 1100
TTGGATCTGA CCGAAACAAC CCCAACAAGG ATGCACTCAG CAATCTCTCT 1150
CCCTGGTTCC ACTTTGGGCA GGTATCAGTT CAACGGGCCA TTCTGGAAGT 1200
GCAGAAACAT CGAAGCCGGT ACCCAGATTC TGTGGCTAAC TTTGTGGAAG 1250
AGGCTGTGGT GAGAAGGGAG CTGGCAGACA ATTTTTGCTT CTACAACAAG 1300
AACTATGACA AATTAGAAGG TGCTTATGAT TGGGCCCAAA CCACTCIGAG 1350
ACTCCATGCC AAGGACAAGA GGCCCCACCT GTACTCACTG GAACAGCTGG 1400
AGTCTGGGAA GACCCATGAC CCCCTCTGGA ATGCCGCGCA GATGCAGATG 1450
GTACAGGAAG GGAAGATGCA TGGATTCCTC CGCATGTATT GGGCCAAGAA 1500
GATTCTGGAG TGGACGCGCT CCCCTGAAGA AGCCCTAGAG TTTGCTATCT 1550
ATCTCAATGA CCGGTTTCAG CTGGATGGCA GGGATCCCAA TGGCTACGTA 1600
GGCTGCATGT GGTCCATCTG TGGCATCCAT GACCAGGGCT GGGCAGAACG 1650
GGAAATCTTT GGAAAGATCC GCTATATGAA TTATGCCGGC TGTAAGAGGA 1700
AGTTTGACGT GGCAGAGTTT GAGCGCAAAT ACAGCCCTGC GGATEAEGGG 1750
GGCCCCAGAG CCTCCCAGCC ACCCACCTCT CCAGGCCTTC CACTTCCAAC 1800
TICTCTCCCT ACATCCAGTC TCTTCCCCAE ACAGAGGGTG GTGACTGGGG 1850
GAGTGCCCGA CACCCAGGCC CAGTTTGTCT TGGTTTAAAC GG 1892

Figure 2. Nucleotide sequence of the cDNA of opossum photolyase. Translation
initiation and termination sites are boxed. The positions of the 5’ and 3’ ends
of the cDNA clone in pOPC1 are shown by arrows. Primers indicated are those
used for amplification of 1.1 kb cDNA middle fragment (K1 and K2) and 1.5
kb cDNA insert in pOPC1 (K7 and K8), for 5'RACE (K3 and K4) and 3'RACE
(K5 and K6). The sequence of the 3’ distal part, the region beyond the nucleotide
position 1,892, is not known.
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Figure 3. Photoreactivating activity of the opossum photolyase as assayed by
phenotypic rescue of photolyase-deficient E. coli SY2 cells. Colony-forming ability
of UV-irradiated cells was measured with (open symbols) or without (closed
symbols) photoreactivation treatment. SY2 cells harboring opossum cDNA pOPC1
(circles), Drosophila photolyase cDNA pDmPR1 (triangles) or empty vector
(squares). Each symbol represents a mean of three independent experiments.

strikingly similar to those of Drosophila and goldfish Carassius
photolyases (Fig. 5). The opossum protein shares 59% and 63 %
sequence identity with the Drosophila and Carassius enzymes,
respectively. These results suggest a significant sequence
conservation of the photolyase polypeptides in both
nonmammalian and mammalian metazoans. We, then, searched
for sequences related to the opossum photolyase gene in various
placental and nonplacental animal species, as well as lower
metazoans, by Southern hybridization with 32P-labeled 1.5 kb
insert of pOPC1 as the probe. As shown in Fig. 6, hybridization
at moderate stringency revealed distinct bands for DNAs from
five photolyase-positive higher organisms, Drosophila (14,15),
chicken (23), Medaka fish (24), rat kangaroo (25) and opossum
DG3-3R cells. However, no clear band was detected with cell
lines derived from nine placental mammals (lane 6 through lane
14). Although faint bands appeared to be seen in DNA blots of
bat, mouse and Chinese hamster cells, we regard they are not
significant, because such bands were undetectable when other
restriction enzyme, HindIll, was used to digest DNA (data not
shown). For primates, dark smears of hybridization appeared in
the autoradiograms with restricted DNAs from chimpanzee and
human HeLa cells (lanes 15 and 16), even after extensive
washing. Similar results were also obtained with DNAs from
human liver, diploid human fibroblasts and African green monkey
CV-1 cells (data not shown). This result suggests the presence
of a primate-specific repeated sequence(s) that has some
homology with the opossum cDNA. However, a survey of
GenBank data did not locate any known repeated sequence related
to that of the photolyase cDNA. To further investigate the possible
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Figure 4. Photoreactivation of CPDs in an 86 bp T8-3 DNA segment by cell-
free extracts of E. coli SY2 cells harboring pOPC]1, as assayed by disappearance
of Micrococcus luteus UV endonuclease-sensitive-sites (ESS). Control and UV-
irradiated DNAs were mixed with E. coli extract and exposed to visible light for
45 min or kept in the dark. DNA samples were then treated with UV endonuclease
and electrophoresed on a denaturing gel. Removal of ESS by photoreactivation
in lane 5 is indicated by the absence of small fragments.

cause of smear hybridization, the photolyase cDNA was digested
into three parts of nearly equal size and these were separately
used as probes. However, a similar smear pattern was obtained
in all cases (data not shown). We decided not to pursue this
problem further at this time.

Expression of photolyase gene in human cells was examined
by Northern blot analysis for photolyase transcript in various
human tissues. The results presented in Fig. 7 revealed mRNA
bands of about 3 kb for DG3-3R cells, and 1.8 kb for Drosophila
as reported (15). However, no appreciable signal was detected
in poly(A)* RNAs from sixteen different human tissues (results
for eight tissues are shown in Fig. 7). The absence of a human
transcript homologous with the opossum photolyase mRNA
strongly suggests that human cells lack photolyase activity.
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Figure 5. Comparison of the amino acid sequences of photolyases of goldfish,
Drosophila and opossum. These sequences were aligned by computer analysis
as described (15). Gaps introduced for optimum alignment are shown by dashes.
Shaded areas are regions of sequence identity among three species, and two
identical sequences out of the three are enclosed by boxes.

DISCUSSION

The isolation and sequence analysis of the opossum photolyase
cDNA revealed that the amino acid sequences of photolyases are
extremely conserved throughout the polypeptide chains among
three different higher organisms, Drosophila, goldfish and
opossum (Fig. 5). In particular, long stretches of identical
sequence are present near the carboxyl-termini of the enzymes.
The DNA photolyase that have been analyzed so far contain two
chromophore cofactors; 1,5-dihydroflavin adenine dinucleotide
(FAD) which is commonly observed with all the photolyases,
and the second, either 5,10-methenyltetrahydrofolate, or
8-hydroxy-5-deazaflavin, depending on the species (7). The
carboxyl-terminal half of the molecule is thought to be involved
in the association of two substrates common to all enzymes, i.e.,
FAD and UV-irradiated DNA (7). However, as indicated
previously (16), the sequence of goldfish Carassius photolyase
is significantly different from those of bacterial and yeast
photolyases, although the fish enzyme shows similarity to those
of microorganisms at several sites. These results suggest a
significant and specific sequence conservation among photolyases
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Figure 6. Distribution of the opossum photolyase gene homolog in various animal
species as detected by Southern blot analysis. Genomic DNAs from Drosophila,
Medaka fish, chicken, two marsupials and eleven placental mammals were digested
with BamHI and hybridized with the opossum cDNA. The size markers shown
on the left-hand side (kb) were fragments of A\ DNA cleaved with Hindlll.
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Figure 7. Northern hybridization with the opossum cDNA probe of poly(A)*
RNAs from opossum DG3-3R cells, Drosophila ovary and from multiple human
tissues (upper panel). 18S and 28S indicate the position of opossum ribosomal
RNAs. Numbers on the left-hand side of human multiple tissue Northern blot
indicate size markers in kb. Lower panel shows hybridization of the same filters
with human B-actin cDNA.

of metazoans that is divergent from those of microorganisms
including yeast.

Early studies indicated that placental mammals lacked
photolyase (3,4,9,23), while the activity was easily detectable
in marsupials (3,17,25). Southern blot analysis with the opossum
cDNA as probe revealed distinct bands for photolyase-positive
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higher organisms including marsupials, whereas no reliable band
was detected for nine placental animals such as rabbit, dog and
pig (Fig. 6). With five of these nine placental mammals,
photolyase activity was undetectable using conventional assay
methods (3,4,23). Hence, the absence of hybridization with the
opossum cDNA strongly suggests that at least these mammalian
species, other than primates, have lost the photolyase gene during
their evolution. The presence of the background smear of
hybridization with primate DNA did not allow us to draw a
definitive conclusion regarding the absence of the photolyase gene
in human cells. This remains to be elucidated in future study.

The issue of whether the photolyase activity is present in
humans is of significant concern in public health, if we consider
a possible increasing threat of solar UV exposure, caused by
atmospheric ozone depletion (13). As is the case for other
placental mammals, photolyase activity was undetectable in
human cells in earlier studies (3,9,26). In contrast, two decades
ago, Sutherland and her coinvestigators reported the presence
of photolyase in human leukocytes (11) and cultured fibroblasts
(27), and suggested that its expression is tissue-specific (12). Our
observation on the lack of mRNA related to the opossum cDNA
in a number of different human tissues, including leukocytes,
contradicts this conclusion. It is possible that our inability to detect
photolyase mRNA in human cells by Northern blot analysis may
be due to an inducible nature of a human enzyme. However, it
is unlikely in view of the consistent lack of photolyase gene-
specific signal in both Northern and Southern blots. Obviously,
the possibility cannot be ruled out that humans have a photolyase
which is very different from the opossum enzyme. However,
this is also unlikely, if we consider that the amino acid sequence
of this enzyme is extremely conserved in widely divergent
species, i.e., Drosophila, fish and marsupials. Recently, Li ez al.
(10) have also reported the absence of photolyase in human cells
by using a very sensitive enzyme assay. In summary, our present
results strongly imply that the absence of photolyase activity in
placental mammals, including humans, is due to a missing gene.
Why this gene has been eliminated during evolution of the
placenta remains an intriguing question.
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