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(57) ABSTRACT

Recombinant forms of DNA sequences for CPD glycosy-
lases, including the bacteriophage T4 gene denV, are
described that are capable of expression at high levels. Active
CPD glycosylases can be recovered from inclusion bodies
resulting from the high expression using, for example, a
homogenization process which employs stream mixing, and
the active proteins can be used in, for example, topical for-
mulations for treatment of photosensitive diseases. Stream
mixing can also be used to solubilize inclusion bodies con-
taining proteins other than CPD glycosylases.
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MET THR ARG ILE ASN  LEU THR LEU VAL SER

i ATG ACT CGT ATC AAC CIT ACT TTA GYA TCT 1
Inaoka G C
AGI C G ¢ CG T

GiU  LEY  ALA  ASP GLN  HIS LEU MET ALA GLU

11 GAA TTG GCT GAC CAA CAC TTA ATGC GCT GAA 290
Inaoka G A

AGIH C G CG

TYR ARG GLU LEU PRO ARG VAL PHE GLY ALA

21 TAT C€GT GAA TG CCG CGT GTY TIT GGT GCA 30
Inacka C
AGI @ C C T

VAL ARG LYS HIS VAL ALA ASN GLY LYS ARG
31 GIT CGT AAG CAT GTT GCY AAC GGT AAA CGT 4
Inacka C A A
AGI A A C

VAL ARG  ASP PHE LYS ILE SER PRO  THR PHE
41 GTT CGT GAT TTC AAA ATC AGT CCT ACT TTT 50
Inacka
AGI C TC G C C

iLE LEU GLY ALA GLY HIS VAL THR PHE PHE
51 ATC CTT GGC GCA GGT CAT GIT ACA TIC TTIT 60
Inacka C
AGH G T T C C

TYR  ASP LYS LEU GLU PHE LEU ARG LYS ARG
61 TAC GAT AAG CIC GAG TTIC TTA CGT AAA CGT 70
Inacka C G
AGI C A G A& cCG

GLN ILE GLU  LEU I1LE ALA  GLU CYS LEU LYS

71 CAA ATC GAG CIT ATA GCT GAA TGT TTA  AAA 86
Inacka T G
AGH G A G C ¢ ¢Ga

FIG. 1A
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ARG GLY PHE ASN ILE LYS ASP THR THR VAL
81 CGT GGT TIT AAT ATC AAG GAT ACT ACA GTC 9
Inaoka C
AGH C C A C C T T

GLN  ASP ILE SER  ASP ILE PRO GLN GLU PHE
91 CAG GAT ATT AGT GAT ATT CCT CAG GAA TTC 160
Inaoka C C C A
AGI C TC C C G

ARG GLY ASP TYR ILE PRO HIS GLU ALA  SER
161 CGT GGT GAT TAT ATT CCC CAT GAA GCT  TCTY 110
Inacka
AGH C C C G C

ILE ALA  ILE SER  GLN ALA ARG LEU ASP GLU
11 ATT GCT ATA TCA CAA GCT CGT TTA GAT GAA 120

Inaoka
AGl C A C T G CG C
Us 762 PHE

LYS ILE ALA  GLN ARG PRO THR TRP TYR LYS
121 AAA ATT GCA CAA CGT CCT ACT TGG TAC AAA 130
Inaoka
AGl C T G G C

TYR TYR GLY LYS ALA ILE TYR ALA term
131 TAC TAC GGT AAG GCG ATT TAT GCA TAA 138
Inacka G
AGH T A A C C T

The native denV gene sequence is shown in bold letiers. The numbers of the amino acids at the
beginning and end of each line are shown. The sequence changes are for the Inaocka et al. synthetic
gene (Inaoka), and for the new synthetic gene in accordance with the present invention (AGI). The
US 762 patent claims a change in the amino acid at 129 from TYR to PHE. The final codon TAA is
a termination codon (term).

FIG. 1B
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PRODUCTION OF CPD GLYCOSYLASES

CROSS REFERENCE TO RELATED
APPLICATION

[0001] This application is a divisional of U.S. patent appli-
cation Ser. No. 11/478,293 filed Jun. 29, 2006, which in turn
claims the benefit under 35 USC §119(e) of U.S. Provisional
Application No. 60/696,256 filed Jul. 1, 2005, the contents of
which in its entirety is hereby incorporated by reference.

FIELD OF THE INVENTION

[0002] This invention relates to the production of CPD
glycosylases. More particular, in accordance with certain of
its aspects, the invention relates to expression of genes coding
for CPD glycosylases. In accordance with further aspects, it
relates to methods for achieving recovery of enzyme activity
of expressed CPD glycosylases and other proteins.

DEFINITIONS

[0003] As used herein, the following terms and phrases
shall have the following meanings:

[0004] Theword “protein” is used broadly and includes any
molecule that includes a sequence of two or more amino acids
connected together. A “protein” thus includes, without limi-
tation, a peptide, a polypeptide, a protein as conventionally
known, and a complex of peptides, polypeptides, and/or pro-
teins.

[0005] A “CPD glycosylase protein” is a protein that binds
to a cyclobutane pyrimidine dimer in DNA and produces an
alkaline-labile site in the DNA at the site of the cyclobutane
pyrimidine dimer.

[0006] An “alkaline-labile site” is a site which can be
cleaved by alkaline conditions, or by the CPD glycosylase, or
by another protein with apurinic/apyrimidinic endonuclease
activity to produce a DNA strand break.

[0007] Asdiscussed in the literature (for example, see Dod-
son and Lloyd, 1989), it is currently believed that the glyco-
sylase action of a CPD glycosylase is mediated via an imino
intermediate between the Cl' of the sugar of the DNA and an
amino group in the glycosylase. For typical CPD glycosy-
lases, a f-elimination reaction then follows at the resulting
abasic site, causing a cleavage of the phosphodiester bond of
the DNA.

[0008] A “stream mixer” is a mixing device wherein at least
part of the mixing comprises: (1) forming two or more flow-
ing streams, which may have the same or different composi-
tions, and (2) impinging the streams on one another.

BACKGROUND OF THE INVENTION

[0009] A. The CPD Glycosylase DNA Repair Enzymes
[0010] DNA repair is a function essential to every living
organism. A DNA repair enzyme is a protein which contrib-
utes to the restoration of damaged DNA to its native state. See
Ronen and Glickman, 2001; Sancar et al., 2004; J. A. Nick-
oloff and M. F. Hoekstra, eds., DNA Damage and Repair,
Volumes I and 11 1998. The types of DNA repair enzymes
found in human and mammalian cells generally are found in
other organisms. Additional types of DNA repair enzymes
may be found in non-mammalian organisms, such as photol-
yases.

[0011] Particularly important DNA repair enzymes are the
cyclobutane pyrimidine dimer glycosylases, known as CPD
glycosylases. For example, the CPD glycosylase product of
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the bacteriophage T4 denV gene, specifically known as T4
endonuclease V, has become an important protein with wide
application in research and in emerging pharmaceutical prod-
ucts (see U.S. Pat. Nos. *211, °231, *389).

[0012] The CPD glycosylases have a specificity for
cyclobutane pyrimidine dimers in DNA in which, as currently
understood in the art, the glycosylase action is mediated via
an imino intermediate between the CI' of the sugar of the
DNA and an amino group in the glycosylase, followed typi-
cally by a p-elimination reaction resulting in cleavage of the
phosphodiester bond of the DNA. As also currently under-
stood in the art, the protein releases the 5' pyrimidine of the
cyclobutane pyrimidine dimer from the sugar of the DNA
(hence the term glycosylase), which creates an apyrimidinic
site in the DNA which is very sensitive to hydrolysis under
alkaline conditions. CPD glycosylases have been identified in
many different organisms, in some cases by purification, in
other cases by detecting the unique activity of this protein in
an extract, and in still other cases, the presence of the protein
has been deduced from the close homology of the putative
amino acid sequence of the protein coded by a nucleotide
sequence to known CPD glycosylase proteins.

[0013] Attempts to express the CPD glycosylase, T4 endo-
nuclease V, in large amounts have been disappointing. After
bacteriophage T4 DNA enters its E. coli host, the denV gene
is transcribed to produce T4 endonuclease V only within the
first 2 minutes of infection. The first DNA clones containing
the denV gene were unstable (LLloyd and Hanawalt, 1981).
Stable cloning of the entire intact gene has proved to be
impossible because the nucleotide sequences in this region of
the phage genome are lethal to the host, and scientists have
speculated that it is likely because the endogenous promoter
is too strong for constitutive expression in £. coli (Valerie et
al., 1986a, Chenevert, 1986). In fact, sequence analysis of the
early gene promoters, including the denV promoter, shows
that their consensus sequence is significantly different than
that of the host consensus promoter sequence derived from
analysis of 112 E. coli genes (Liebig and Riiger, 1989). These
authors note that “strong promoters can be cloned stably only
when one or several strong terminators of transcription are
inserted downstream from the cloning site” (p532).

[0014] Ultimately the native denV structural gene was
cloned by piecing together fragments of the gene without its
native promoter (Valerie et al., 1984; Radany et al., 1984).
The sequence is listed in the National Center for Biotechnol-
ogy Information Gene database as GenelD 1258606, and it is
the native structural gene sequence without the promoter that
we refer to herein as the native denV gene.

[0015] Once cloned, the native denV gene was placed
downstream of various promoters. In one case, the gene was
positioned downstream of the A phage leftward operator and
the rightward promoter (O, Pz; Recinos et al., 1986). Expres-
sion from the unrepressed promoter in a variety of £. coli host
strains resulted in T4 endonuclease V levels no more than
0.2% of'total cellular protein. Growth temperatures above 25°
C. and glucose levels above 0.05% inhibited denV gene
expression, although these conditions are ordinarily benefi-
cial to the host cell growth.

[0016] In asecond case, the native denV gene was placed
under the control of the E. coli TAC promoter, whose expres-
sion is induced by the lactose analog isopropyl-thiogalacto-
side (IPTG; Chenevert et al., 1986). Induction of T4 endonu-
clease V from this expression vector in FE. coli produced
filamentation and cell death. Chenevert et al. report that the
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denV protein was 10% of the total cell protein based on a
single gel (Chenevert et al., 1986: FIG. 5). In connection with
the development of the present invention, more than a dozen
fermentations at commercial scale showed that this expres-
sion vector is only able to produce T4 endonuclease V at
about 1% of total protein (see Table 8 of Example 4 below).
[0017] Chenevert et al. also cloned the native denV gene
under the control of the yeast GAL1 and ADH promoters;
however, they reported neither the efficiency of expression of
T4 endonuclease V nor the effect on cell growth in induced
yeast (Chenevert et al., 1986). Significantly, they reported
that the construct made wild type yeast more sensitive to UV,
not more resistant as would be expected if the expressed
enzyme was compatible with cell viability. Valerie et al.
(1986b) cloned the native denV gene under the control of the
yeast AAHS promoter, and they found that the induced con-
struct did not change the growth characteristics or cell mor-
phology of the yeast host. They reported that the T4 endonu-
clease was estimated to be “several percent” of total protein
by scanning of a single gel (Valerie et al. 1986b: FIG. 2), but
this may be an overestimate since the gel is clearly overloaded
with protein. They found that the construct in UV-sensitive
yeast recombinants increased UV resistance.

[0018] ThenativedenV gene has also been placed under the
control of a CaMV 358 promoter and transferred into tobacco
plants (Lapointe et al., 1996). The amount of T4 endonuclease
V produced in the plant was not reported. As in the case of
some yeast systems, the construct increased, rather than
decreased, the sensitivity of the plants to UV and alkylating
agents, i.e., the construct lacked DNA repair activity.

[0019] Attempts to improve T4 endonuclease V by chang-
ing the native denV gene nucleic acid sequence, resulting in a
change in the amino acid sequence, have not met with suc-
cess. For over a decade, the Lloyd laboratory modified the T4
endonuclease V amino acid sequence either by recombinant
selection or by site-directed mutagenesis. Dodson and Lloyd
(1989) summarized the effect of changes in the amino acid
sequence on T4 endonuclease V activity. None of the dozens
of recombinants that were reviewed showed greater activity
than the native denV sequence, and many proved to be
unstable in the cell.

[0020] Other laboratories, such as the Henderson labora-
tory (Green et al., 1993) and the Ohtsuka laboratory (Ishida et
al., 1990; Doi et al., 1992; Hori et al., 1992) made numerous
changes in the sequence of the native denV gene, resulting in
substitutions in the amino acid sequence of the enzyme, all
without significantly increasing the enzyme activity. The
single exception from the Lloyd laboratory was a change in
tyrosine at position 129 to a less polar aromatic amino acid,
such as phenylalanine (see U.S. Pat. No. 5,308,762). This
resulted in an increase in specific activity, but only under
conditions of low salt. As these are not physiological condi-
tions, this recombinant enzyme has no therapeutic value.

[0021] Attempts have been made to change the nucleotide
sequence of the native denV without altering the amino acid
sequence, but they have been unsuccessful. The first attempt
was to change two AUA isoleucine codons (nucleotides 103-
105, 137-139) to the AUC triplet, which did not change
expression levels (Recinos et al., 1986). The Ohtsuka labora-
tory constructed a synthetic denV gene. They did not change
the amino acid sequence, but did change the nucleotide
sequence, for the purpose in their words, “to introduce extra
restriction sites and to facilitate enzymatic rejoining with
DNA ligase by avoiding self-complementary joining sites”
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(Inaoka et al., 1989). The gene was cloned under control of
the trp promoter, and after induction the amount of T4 endo-
nuclease V was reported to be about 15% of the total protein.
[0022] Standard expression systems for T4 endonuclease V
or even Inaoka et al.’s system (collectively, systems which
produce T4 endonuclease V at a level less than or equal to 15
percent of total protein) are unsatisfactory for commercial
purposes, e.g., pharmaceutical purposes. Host . coli contain
the HU-a protein that is very similar in size and charge to T4
endonucleaseV, and this protein contaminates preparations of
T4 endonuclease V. These contaminants are not sufficiently
removed by standard purification methods used in industrial
scale purification, such as size exclusion or ion exchange. The
resulting preparations inevitably contain >10% HU-a con-
tamination.

[0023] The commercial practitioner is thus faced with a
dilemma: it can increase purity by reducing the yield, but this
makes the product too costly for commercialization; or it can
increase the yield by reducing the purity, but this makes the
product unacceptably contaminated for pharmaceutical use.

[0024] B. High Expression and the Production of Inclusion
Bodies
[0025] Inaddition to the foregoing difficulties, high expres-

sion of proteins in host cells causes the proteins to be
expressed as inclusion bodies. These are precipitated or
coagulated accumulations of inactive proteins that are
insoluble. Inclusion bodies therefore are lost to further puri-
fication, and the increased production of a protein from an
expression vector is of no value if the proteins are not recov-
ered and/or they are not in active form. Inclusion bodies are a
significant problem for high expression vector systems.
[0026] Prior attempts to deal with the inclusion problem
have included the use of high hydrostatic pressure to refold
protein aggregates (St. John et al., 1999; Hesterberg et al.,
2005). This process is unsatisfactory for three main reasons:
(1) the process uses volumes that are fixed by the size of the
vessel, which is especially problematic in scaling up to com-
mercial volumes, because each increase in scale requires that
anew vessel must be built and validated; (2) the high pressure
of the hydrostatic pressure method (29,000 psi) is more dif-
ficult and costly to achieve and maintain than lower pressures;
and (3) the hydrostatic method still requires that the cells be
lysed before processing.

[0027] As recently discussed by Kathy Liszewski in the
Oct. 15, 2003 edition of Genetic Engineering News, there is
no universal solution to the inclusion body problem. The
approach by the current state of the art is to recover the
inclusion bodies and attempt to refold them. Lieszweski
quotes Paul Haney, Ph.D., senior research scientist at Pierce
Biotechnology as saying, “Refolding proteins can be a cum-
bersome and time-consuming task, since refolding conditions
have to be optimized for each protein in order to promote
formation of the native fold and to prevent protein aggrega-
tion. There is no universal refolding buffer system.” The
solution thus must be found for each individual protein, and
there is no guarantee that a solution can be found.

[0028] C. Summary of the State of the Art

[0029] As shown by the history of the cloning of T4 endo-
nuclease V set forth above and as discussed by Dr. Claes
Gustafsson in Genetic Engineering News, 2005, the design of
expression vectors is not at all an exact or routine undertaking
Consequently, high expression vectors for CPD glycosylases
and, in particular, for T4 endonuclease V (i.e., expression
vectors capable of producing the protein at levels equal to or
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greater than 25% of cellular protein) have not existed in the
art. Alterations in the amino acid sequence have failed to
increase yield or activity of T4 endonuclease V. Similarly,
alterations in the nucleotide sequence coding for T4 endonu-
clease V have not produced significantly increased yield or
activity.

[0030] The real and perceived barriers to high expression
and recovery of CPD glycosylases have been:

[0031] (1) The art has not recognized that nucleotide
sequences for CPD glycosylases have been optimized by
evolution for expression at low levels consistent with the
other functions of the cell. For example, the denV gene
sequence has been optimized by evolution for the fastest and
highest level of expression only during the early phase of
phage T4 infection and for shutdown thereafter.

[0032] (2) The arthas erroneously believed that high levels
of CPD glycosylases, e.g., T4 endonuclease V, cannot be
achieved because supposedly such levels are lethal to the cell,
e.g., E. coli.

[0033] (3) Proteins expressed at high levels typically form
inclusion bodies, which are insoluble and inactive, and the art
has not developed efficient and economical techniques for
recovering activity from proteins in inclusion bodies, and, in
particular, recovering DNA repair activity from CPD glyco-
sylase proteins in inclusion bodies.

SUMMARY OF THE INVENTION

[0034] For ease of presentation, the aspects of the invention
relating to DNA coding will be discussed in terms of a set of
“rules.” Table 1 contains what are designated as “Prior Art
Rules” since they have been previously employed to opti-
mized DNA sequences for expression in, for example, E. coli.
[0035] Table 2 contains two groups of codons that are used
in what will be referred to herein as the “Codon Selection
Rules.” The Codon Selection Rules state:

[0036] (1) in designing a recombinant CPD glycosylase
gene for a CPD glycosylase protein, use at least one codon
from Group A for more than 75% of the occurrences of the
amino acid coded by the codon in the protein and at least one
codon from Group B for more than 75% of the occurrences of
the amino acid coded by the codon in the protein; and/or
[0037] (2) in designing a recombinant CPD glycosylase
gene for a CPD glycosylase protein, use at least two codons
from Group A for more than 45% (preferably more than 75%)
of'the occurrences of the amino acid coded by the codon in the
protein and at least two codons from Group B for more than
45% (preferably more than 75%) of the occurrences of the
amino acid coded by the codon in the protein; and/or

[0038] (3) in designing a recombinant CPD glycosylase
gene for a CPD glycosylase protein, use at least three codons
from Group A for more than 35% (preferably more than 45%,
most preferably more than 75%) of the occurrences of the
amino acid coded by the codon in the protein and at least three
codons from Group B for more than 35% (preferably more
than 45%, most preferably more than 75%) of the occurrences
of the amino acid coded by the codon in the protein.

[0039] Incertain preferred embodiments, both the Prior Art
Rules and the Codon Selection Rules are used, with the
Codon Selection Rules taking precedence over the Prior Art
Rules in the case of a conflict between the two sets of rules.
[0040] Inaccordance with a first aspect, the invention thus
provides an isolated, synthetic, and/or recombinant poly-
nucleotide which employs the Codon Selection Rules. In
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particular the invention provides an isolated, synthetic, and/or
recombinant polynucleotide comprising:
[0041] (a)a nucleotide sequence encoding a CPD glyco-
sylase protein; and/or
[0042] (b) a complement of the nucleotide sequence,
wherein the complement and the nucleotide sequence
consist of the same number of nucleotides and are 100%
complementary;
wherein:
[0043] (I) Groups A and B represent the following codons
for the following amino acids:

Amino Acid Codon
Group A
Tyrosine TAC
Glycine GGT
Valine GTT
Serine TCT
Alanine GCT or GCA
Group B
Isoleucine ATC
Phenylalanine TTC
Aspartic Acid GAC
Histidine CAC

and
[0044] (ID) the nucleotide sequence comprises:
[0045] (a)atleastone codon from Group A for more than

75% of the occurrences of the amino acid coded by the
codon in the CPD glycosylase protein and at least one
codon from Group B for more than 75% of the occur-
rences of the amino acid coded by the codon in the CPD
glycosylase protein; and/or
[0046] (b) at least two codons from Group A for more
than 45% (preferably more than 75%) of the occurrences
of the amino acid coded by the codon in the CPD gly-
cosylase protein and at least two codons from Group B
for more than 45% (preferably more than 75%) of the
occurrences of the amino acid coded by the codon in the
CPD glycosylase protein; and/or
[0047] (c) at least three codons from Group A for more
than 35% (preferably more than 45%, most preferably
more than 75%) of the occurrences of the amino acid
coded by the codon in the CPD glycosylase protein and
at least three codons from Group B for more than 35%
(preferably more than 45%, most preferably more than
75%) of the occurrences of the amino acid coded by the
codon in the CPD glycosylase protein.
[0048] In accordance with a second aspect, the invention
provides a cell comprising a CPD glycosylase protein
wherein the CPD glycosylase protein comprises at least 25
weight percent of the total protein of the cell. In accordance
with this aspect, the level of CPD glycosylase protein can be
determined by obtaining a sample of a culture of the cells,
washing the cells to remove the growth medium, and then
determining the total protein content of the cells and the CPD
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glycosylase protein. Typically, the 25 weight percent level
will be achieved towards the end of the fermentation process.
[0049] Inthe case of cells that are engineered to excrete the
CPD glycosylase protein, the weight percent in the cells may
be lower than in cells which retain the protein. In the case of
such excreting cells (as well as cells that do not excrete or do
not substantially excrete), the invention in accordance with a
third aspect provides a culture of cells that produces a CPD
glycosylase protein wherein for at least one period of at least
ten minutes, at least 25 weight percent of the total protein
produced by the culture during the period is the CPD glyco-
sylase protein.

[0050] In accordance with a fourth aspect, the invention
provides a method for producing a CPD glycosylase protein
comprising:

[0051] (a) culturing cells which produce the CPD glycosy-
lase protein; and

[0052] (b) collecting the CPD glycosylase protein;

[0053] wherein the CPD glycosylase protein comprises at
least 25 weight percent of the total protein produced by the
cells during step (a).

[0054] In accordance with a fifth aspect, the invention pro-
vides a method for producing a protein (e.g., a CPD glycosy-
lase protein) comprising:

[0055] (a) culturing cells which produce the protein, at least
some of said protein being in inclusions bodies; and

[0056] (b) collecting the protein;

[0057] wherein in step (b), at least part of the protein pro-
duced by the cells in step (a) is subjected to a mixing process
that comprises: (i) forming two or more flowing streams at
least one of which contains inclusion bodies which contain
the protein, and (i) impinging the streams on one another to
disrupt at least some of the inclusion bodies.

[0058] In accordance with these aspects of the invention,
the at least one flowing stream which contains the protein can
contain intact cells, disrupted cells, or combinations thereof.
[0059] In certain embodiments of this aspect of the inven-
tion, at least one of the flowing streams has a velocity V1 prior
to the impingement and the impingement produces a stream
that has a velocity V2, where V1 minus V2 is greater than or
equal to 90 meters/second. For example, at least one of the
flowing streams can have a velocity greater than or equal to
100 meters/second (e.g., a velocity of at least 150 meters/
second) prior to the impingement, and the impingement can
produce a stream that has a velocity which is less than 10
meters/second (e.g., a velocity of approximately 1 meter/
second). As a specific example, two flowing streams each
having a velocity greater than or equal to 100 meters/second
prior to the impingement can form a single stream as a result
of the impingement that has a velocity which is less than 10
meters/second. Other stream configurations can be used as
desired, e.g., the two or more flowing streams can form more
than one stream after the impingement.

[0060] Although not wishing to be bound by any particular
theory of operation, it is believed that stream mixing of a
solution containing bacteria causes the bacteria to collide and
break apart and in addition causes inclusion bodies of coagu-
lated protein within the bacteria to also collide and break
apart, resulting in solubilization of the protein contained in
the inclusion bodies. If the bacteria are disrupted prior to
stream mixing, the stream mixer no longer needs to break up
the bacteria, but still serves to break up and thus solubilize the
protein contained in inclusion bodies.
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[0061] If the stream mixing is performed on intact cells,
microscopic examination of the solution resulting from the
mixing will preferably reveal no intact bacterial cells. As to
inclusion bodies, if a solution produced by stream mixing is
centrifuged to remove insoluble components, the supernatant
will preferably contain at least 50% (more preferably at least
75%) of the protein contained in inclusion bodies prior to
stream mixing. As a specific example, such centrifugation can
be performed for 15 minutes using a Beckman Avanti J-20
centrifuge equipped with a JL.A 8.1000 rotor and operating at
8,000 rpm, which produces 15,900xG, or with equivalent
equipment.

[0062] The stream mixing aspects of the invention are pref-
erably used with CPD glycosylases but can also be used with
other proteins. Such other proteins preferably have molecular
weights of less than 60,000 daltons, i.e., they contain less than
about 600 amino acids. Such relatively small proteins have
limited numbers of three dimensional configurations and thus
when acted upon by the stream mixing process have a high
likelihood of refolding into their native configuration.
Enzymes are typical examples of such small proteins. As
specific examples, stream mixing has been found to success-
fully recover active enzyme from inclusion bodies containing
8-oxoguanine glycosylase (OGG1), as well as inclusion bod-
ies containing photolyase from Anacystis nidulans (see
Example 6 below).

[0063] Additional features and advantages of the invention
are set forth in the detailed description which follows, and in
part will be readily apparent to those skilled in the art from
that description or recognized by practicing the invention as
described herein.

[0064] Itisto be understood that both the foregoing general
description and the following detailed description are merely
exemplary of the invention, and are intended to provide an
overview or framework for understanding the nature and
character of the invention as it is claimed. Also, the above
listed aspects of the invention, as well as the preferred and
other embodiments of the invention discussed below, can be
used separately or in any and all combinations.

[0065] The accompanying drawings are included to pro-
vide a further understanding of the invention, and are incor-
porated in and constitute a part of this specification. The
drawings illustrate various embodiments of the invention, and
together with the description serve to explain the principles
and operation of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0066] FIGS. 1A and 1B show a comparison of native and
recombinant denV gene sequences. For each segment of the
gene, the amino acid sequence (SEQ ID NO: 2) is on the top
row, the native gene sequence (SEQ ID NO: 3) is in the second
row, the third row shows the changes in the sequence intro-
duced by Inaoka (SEQ ID NO: 4), and the fourth row shows
the changes in the gene sequence in accordance with the Prior
Art Rules and the Codon Selection Rules of the present inven-
tion (SEQ ID NO: 1). FIG. 1A shows amino acids 1 through
80 and FIG. 1B shows amino acids 81-138 and the termina-
tion codon.

[0067] FIG. 2 shows a map of the pARAdenV expression
vector. The map shows the recombinant denV gene down-
stream from the ARA promoter and upstream of the strong
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terminator rrmB1. The vector (plasmid) also contains the
kanamycin resistance gene for selection and the pUC 18
origin of replication.

DETAILED DESCRIPTION OF THE INVENTION
AND ITS PREFERRED EMBODIMENTS

[0068] A. The CPD Glycosylase Family and Subfamilies
[0069] All the members of the CPD glycosylase family
share the same unique activity in the DNA repair process, but
they can be separated into two subfamilies based on their
amino acid sequence homology relative to one or the other of
two archetypal enzymes: T4 endonuclease V and Micrococ-
cus luteus UV endonuclease. The members of the family and
subfamilies are not as easily recognized by comparing the
nucleotide sequences because of the degeneracy of the
genetic code; i.e., an organism’s preference for A-T or G-C
base pairing in the third position of the codon significantly
distorts the nucleic acid sequence similarities even when the
amino acid sequences are quite similar.

[0070] The first subfamily, which is closely related to T4
endonuclease V, includes the CPD glycosylases from the
following organisms and their related strains: Bacteriophage
RB69, Paramecium bursaria Chlorella virus 1, Prochlorus
marinus, Bordetella parapertussis, Haemophilus ducreyi,
Brucella meliensis and Pasteurella multocida. The second
subfamily, which is more closely related to Micrococcus
luteus UV endonuclease, includes the CPD glycosylases
from the following organisms and their related strains:
Nitrosomonas europeaea and Azoarcus sp. EbN1.

[0071] The similarity to one or the other of the archetypal
CPD glycosylases can be determined by aligning the amino
acid sequences. The homologies are not exact, and gaps are
therefore introduced to align the amino acid sequences. For
clarity in discussing amino acid sequence homologies and
similarities, the amino acids for both subfamilies are num-
bered based on the T4 endonuclease V archetypal sequence.
For example, homology at amino acid 17 refers to the 17
amino acid in the T4 endonuclease V sequence, although it
may actually be the 16” or the 18" or some other amino acid
in a particular protein sequence of either subfamily.

[0072] The alignment may be performed manually, but it is
preferably performed by computational analysis, using, for
example the Smith-Waterman algorithm (Waterman 1995).
[0073] In general, the aligned sequences of the CPD gly-
cosylases show more homology at the amino and carboxy
ends than in the middle ofthe protein. The homology between
the two archetypes of the CPD glycosylases, T4 endonuclease
V and Micrococcus luteus UV endonuclease, is 27% (31 of
115 possible amino acid matches). As for the specific
homologies between the archetypal CPD glycosylases, it
should be noted that four amino acid residues previously
proposed as functionally important in the T4 endonuclease V
enzyme (Arginine at position 3, Arginine at position 22,
Glutamic acid at position 23 and Lysine at position 121) are
all conserved in the Micrococcus luteus sequence (Shiota and
Nakayama, 1997).

[0074] The members of the first subfamily, homologous
with archetypal T4 endonuclease V, share homology at the 8
amino acids shown in Table 3, some of which have been
associated with the biological activity of the protein. In addi-
tion, the family shares a sequence similarity between amino
acids 115 and 121, which is a region thought to be important
for substrate binding. Although the sequence is not identical
for all members of the subfamily, the choice of amino acids at
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each position is usually between two, or, in one case, among
four. The sequence is described in Table 4, second column.
[0075] The second subfamily, homologous with archetypal
M. luteus UV endonuclease, also shows a sequence similar to
the first group between amino acids 116 and 123. See the third
column of Table 4. As can also be seen in this table, the two
subfamilies have homology or similarity at amino acid posi-
tions 116, 118, 119, and 121.

[0076] The CPD glycosylase which has the least homology
to its archetypal enzyme is from Pasteurella, which neverthe-
less shares 36% (50 of 138) amino acids with T4 endonu-
clease V. In particular, it shares the 8 conserved amino acids of
the T4 endonuclease V subfamily listed in Table 3. Thus, in
general, CPD glycosylases are proteins which, after align-
ment, share at least 35% homology with either the T4 endo-
nuclease V archetype or the M. luteus archetype.

[0077] B. Codon Usage in Native CPD Glycosylase Genes
[0078] In accordance with the invention, a set of aversions
(negative preferences) regarding codon usage for certain
amino acids has been discovered in the native genes for the
CPD glycosylases. In particular, nine amino acid codons,
divided into two groups, are subject to these aversions: Group
A consisting of tyrosine, glycine, valine, serine and alanine,
and Group B consisting of isoleucine, phenylalanine, aspartic
acid and histidine. For these amino acids, nature has an aver-
sion for using a codon from Group A and a codon from Group
B for more than 75% of the occurrences of those amino acids.
[0079] Thecodonusage for these nine amino acids for all of
the known CPD glycosylase genes is shown in Table 5. In the
instance of some of the CPD glycosylase genes, such as the
CPD glycosylase gene from phage RB69, at least one codon
from Group A is used more than 75% of the instances of that
amino acid, but no codon from Group B is used at more than
that frequency. In other cases, such as the CPD glycosylase
gene from Micrococcus luteus, none of the codons from
Group A are used over 75% of the instances of that amino
acid, but at least one codon from Group B is used over 75% of
the instances of that amino acid. It is impossible to know why
nature has developed these aversions, but based on the present
invention, one might speculate that they evolved as a mecha-
nism to limit efficient translation of the transcript of CPD
glycosylase genes so that this protein does not become an
unnecessarily large portion of the total protein of a cell.
[0080] C. Codon Selection Rules

[0081] As discussed above in the Summary of the Inven-
tion, in accordance with certain aspects of the invention, it has
been discovered that codon usage for CPD glycosylases
should follow at least one of three Codon Selection Rules,
namely:

[0082] (1) in designing a recombinant CPD glycosylase
gene for a CPD glycosylase protein, use at least one codon
from Group A for more than 75% of the occurrences of the
amino acid coded by the codon in the protein and at least one
codon from Group B for more than 75% of the occurrences of
the amino acid coded by the codon in the protein; and/or
[0083] (2) in designing a recombinant CPD glycosylase
gene for a CPD glycosylase protein, use at least two codons
from Group A for more than 45% (preferably more than 75%)
of'the occurrences of the amino acid coded by the codon in the
protein and at least two codons from Group B for more than
45% (preferably more than 75%) of the occurrences of the
amino acid coded by the codon in the protein; and/or

[0084] (3) in designing a recombinant CPD glycosylase
gene for a CPD glycosylase protein, use at least three codons



US 2010/0112642 Al

from Group A for more than 35% (preferably more than 45%,
most preferably more than 75%) of the occurrences of the
amino acid coded by the codon in the protein and at least three
codons from Group B for more than 35% (preferably more
than 45%, most preferably more than 75%) of the occurrences
of the amino acid coded by the codon in the protein.

[0085] The use of these Codon Selection Rules has been
found to result in expression of polynucleotide sequences for
CPD glycosylases at levels that are useful for commercial
production.

[0086] Certain embodiments of the invention follow the
approach of designing a recombinant CPD glycosylase gene
for a CPD glycosylase protein by using all codons from
Groups A and B for more than 35% (preferably more than
45%, most preferably more than 75%) of the occurrences of
the amino acid coded by the codon in the protein.

[0087] These approaches to codon selection ameliorate the
limitations on expression of CPD glycosylases resulting from
the evolutionary optimization of the nucleotide sequences for
these proteins that has resulted in expression at low levels
consistent with the other functions of the cell.

[0088] D. Prior Art Rules

[0089] The arthas developed rules for modifying codons in
exogenous genes to optimize expression in E. coli, an
example of which is the Primo 3.4 program available from
Chang Bioscience, Inc. The preferred codon usage rules of
the priorart for E. coli are shown in Table 1. Similar rules exist
for other hosts.

[0090] The present invention makes use of these prior art
rules, except where they conflict with the Codon Selection
Rules of the invention. In the cases of conflict, the Codon
Selection Rules of the invention take precedence, unless those
rules would lead to tandem duplication of a codon in which
case the prior art rule will be used to avoid such a tandem
duplication (see, for example, amino acid 131 of FIG. 1B).
[0091] E. Application of the Codon Selection Rules to the
Native denV Gene and Other CPD Glycosylases

[0092] In certain of its preferred embodiments, the present
invention relates to methods for preparing a recombinant
version of the nucleotide sequence for a CPD glycosylase
protein, e.g., the native denV gene, without altering the amino
acid sequence.

[0093] FIG.1 shows a specific application of these embodi-
ments to the T4 endonuclease V enzyme, which is currently a
DNA repair enzyme commercially sold and widely used. In
particular, this figure shows the nucleotide sequences of the
native denV gene (SEQ ID NO: 3) and a recombinant denV
gene designed in accordance with the Prior Art Rules (SEQ
ID NO: 4) and the Codon Selection Rules of the invention
(SEQ ID NO: 1). The amino acid sequence of T4 endonu-
clease V (SEQID NO: 2) is also shown, and this is unchanged
by the coding of the recombinant gene. In particular, amino
acid 129 is tyrosine and is not changed as described in U.S.
Pat. No. 5,308,762.

[0094] The changes in the recombinant gene (SEQ ID NO:
1) are shown in FIG. 1 on the line marked “AGI”. These
changes are contrasted with the changes made in the synthetic
denV gene of Inaoka (shown on the line marked “Inaoka,”
SEQIDNO: 4). Itis clear that the AGI and Inaoka genes (SEQ
IDNO: 1 and SEQ ID NO: 4) share very few changes. This is
because the Inaoka changes were made for purposes of intro-
ducing restriction sites in the nucleotide sequence, and the
AGI changes of the present invention were made for enhanc-
ing gene expression.
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[0095] In designing the recombinant denV gene sequence,
special conditions of phage T4 gene expression were consid-
ered. When phage T4 infects a cell, it destroys the E. coli
tRNA that pairs to the CTG codon for leucine translation.
This infection tactic reduces the transcription of host genes.
The phage T4 genes avoid this problem by using alternate
codons for leucine, such as TTA or TTG. In addition, when
phage T4 infects a cell, it produces tRNA for codons in low
abundance in E. coli and it also includes these rarely used
codons in the denV gene. This infection tactic serves to divert
translation to phage-specific proteins such as T4 endonu-
clease V. However, in the situation of the native denV gene
expressed from a plasmid, translation of these rarely used
codons without the supplemental phage tRNAs for these
codons is suboptimal.

[0096] InTable 6 the codon usage in the native T4 endonu-
clease V gene is contrasted with the most preferred codon
usage directed by the present invention in the recombinant T4
endonuclease V gene. As can be seen in this table, in accor-
dance with the most preferred embodiments of the invention,
codon usage has been changed so that codons from Group A
are used more than 75% of the time, and in addition codons
from Group B are also used more than 75% of the time.
[0097] Overall, 71 of the 138 amino acid codons are
changed in the native denV gene sequence by either the rules
of the prior art or those of the present invention. Of these 71
changes, 36 changes are different between the rules of the
invention and those of the prior art.

[0098] The present invention also directs the use of codons
that differ from the native sequence or those instructed by the
prior art when the denV gene is expressed in other hosts, such
asyeast orthe plant Arabidopsis. That is, the Codon Selection
Rules described above apply equally when the denV gene is
expressed in hosts other than E. coli.

[0099] Similarly, the present invention directs the use of
codons that differ from the native sequence or those instructed
by the prior art when other DNA repair genes, such as the E.
coli ada gene for repair of O°-methylguanine, or the Arabi-
dopsis OGG1 gene for repair of 8-0xo-guanine, is expressed
in E. coli or in other hosts. Again, the Codon Selection Rules
described above are applied for these other protein/host com-
binations.

[0100] Thus the rules of the present invention provide gen-
eral guidance for the use of different and non-obvious codons
in designing genes for enhanced expression of a variety of
DNA repair genes in a variety of hosts.

[0101] For any given DNA repair enzyme, or more specifi-
cally any CPD glycosylase, the protein, and thus its DNA
sequence, may be shortened or truncated to increase its sta-
bility without changing its enzymatic specificity, or it may
contain within the final protein the full length of the native
amino acid sequence. For example, the protein may be trun-
cated to remove the endonuclease, or §-elimination, activity,
since this activity may be provided by either other non-DNA-
damage specific enzymes or by non-enzymatic cleavage of
the DNA. The CPD glycosylase may be grafted to or com-
bined with another protein to form a chimera with added
binding specificity and/or specificities, or to bring two or
more activities closer together in space. Additional amino
acids or other modifications may be added to direct localiza-
tion to the nucleus, mitochondria, or other organelles in order
to direct DNA repair to these sites. Additional amino acids or
other modifications may be added to the protein to simplify
purification, such as adding a peptide sequence that binds



US 2010/0112642 Al

with high affinity to a ligand that can be attached to a solid
support. The present invention includes these and other
changes to the amino acid sequences for CPD glycosylases
and nucleotide sequences coding for those proteins, now
known or subsequently developed.

[0102] F. Expression Systems

[0103] Other than for the Codon Selection Rules discussed
above, nucleic acid synthesis, cloning, and expression of the
CPD glycosylases follows standard/conventional techniques
now known or subsequently developed in the art. Extensive
reviews of such techniques can be found in such texts as
Molecular Cloning: A Laboratory Manual, vol. I-111 (eds. .
Sambrook, E. F. Fritsch, T. Maniatis), 1989.

[0104] For example, in the case of the recombinant denV
gene, the recombinant nucleotide sequence can be placed
adjacent to and under the control of an E. coli promoter. The
promoter and structural gene can then be cloned into a plas-
mid with a selectable marker so that only bacteria with the
intact plasmid grow in the fermentation conditions.

[0105] Any suitable host may be used, as long as the pro-
moter for the recombinant sequence is compatible with the
host transcription and translation metabolism. Some host
strains may be found to express the gene more efficiently than
do others (see, for example, Example 2 below).

[0106] Many types of media may also be used for fermen-
tation of the host, including minimal media with defined
components and enriched media containing extracts of yeast
and digested proteins. The expression vectors may be induced
by addition of the appropriate inducing agent, which can be a
chemical, such as isopropylthiogalactoside or L-arabinose, or
a change in physical conditions, such as temperature or dis-
solved oxygen. The inducer may be present during all phases
of growth, or it may be added after the culture has progressed
to a desired phase of growth.

[0107] The particular conditions to be used for any particu-
lar CPD glycosylase/host combination can be readily deter-
mined from the current disclosure and the general knowledge
in the art of genetic engineering.

[0108] G. Determination of Levels of Protein Production
[0109] The protein production of a culture of cells may be
determined by various techniques known in the art. For
example, protein production can be determined by sampling
the culture at intervals of, for example, 10 minutes during
fermentation, and subjecting the proteins in the sample to
SDS-polyacrylamide gel electrophoresis, followed by stain-
ing with Coomassie. The fraction of CPD glycosylase in total
cell protein can be determined by, for example, densitometry
scanning of the stained gel. The total cell protein can be
determined by, for example, summing the densities of all the
bands (subtracting out any bands contributed by the media,
which is determined from a lane loaded with media alone in
the gel). The identity of the CPD glycosylase band can, for
example, be determined by including in the gel a standard of
purified CPD glycosylase, and the CPD glycosylase amount
can be determined by, for example, the density of its band. For
each time point sample, the fraction of total protein can be
determined by, for example, dividing the density of the CPD
glycosylase band by the sum of the densities of the total cell
proteins. The rate of protein production by percent of total
protein can be determined by, for example, comparing the
results from two samples collected 10 minutes apart and
calculating the change in the density of the CPD glycosylase
band density divided by the change in the sum of the densities
of the total cell protein. The resulting fraction times 100 is
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then the weight percent of the CPD glycosylase protein pro-
duced by the culture during the 10 minute period relative to
the total protein produced by the culture during that period.

[0110] As another alternative, the percentage of protein
synthesis during a 10 minute period that is CPD glycosylase
synthesis can also be determined by the “pulse-chase” label-
ing technique, which is well known to protein chemists. In
this protocol, a cell sample is exposed to a radio-labeled
amino acid for ten minutes (the “pulse”). The labeled amino
acid is one which is present in essentially all protein, such as
3>S-methionine. The cells are washed with a buffer solution to
remove the isotope, and finally incubated with a unlabeled
amino acid (the “chase”), for an additional 10 minutes. The
cells are collected and the proteins separated by SDS-poly-
acrylamide gel electrophoresis. The gel is imaged using
X-ray film or a phosphorescence imager, and all the proteins
that were made during the 10 minute pulse period appear in
the image because of the radio-label. The intensity of the CPD
glycosylase band divided by the intensity of the sum of all the
proteins is the percentage of protein synthesis during a 10
minute period that is CPD glycosylase.

[0111] H. Recovery of CPD Glycosylase Activity

[0112] Following fermentation, the cells may be collected
from the cell culture media by any of several methods, includ-
ing fixed volume or continuous flow centrifugation, or filtra-
tion. The cells to be processed may be in a form of a dry power
produced by lyophilization, or as a moist powder referred to
as paste. The cells may then be dispersed in liquid at a con-
centration of between, for example, 5 and 500 grams per liter,
and the liquid may be any suitable buffer or water. The mecha-
nism of dispersion may be by many methods, including an
overhead mixer with a paddle or marine impeller, and the
duration of mixing may be, for example, 30 minutes or longer
at, for example, refrigerated to room temperature. In cases of
cells that are expected to be particularly difficult to disrupt,
the dispersion process can include methods to enhance sub-
sequent cell lysis, such as adding to the dispersion medium a
lysing agent like lyoszyme.

[0113] Alternatively, an expression vector in combination
with an appropriate host can be used whereby the highly
expressed protein is secreted out of the cells and into the
media. In this case, recovery of the protein simply involves
removal of the cells and collection of the culture media.

[0114] High levels of protein expression often lead to the
formation of inclusion bodies. Such bodies may be contained
within the host cells and/or may be found in the culture
medium. Many methods have been used to recover protein
and/or protein activity from inclusion bodies, but all of these
methods, e.g., those methods which use high concentrations
of guanidine chloride, produce denatured protein as an inter-
mediate. As a result, recovery of protein and/or activity from
inclusion bodies has required an additional step of removal of
the denaturing agent in order to allow refolding of the protein.
In accordance with certain aspects of the invention, it has
been unexpectedly found that stream mixing homogenizes
(solubilizes) the inclusion bodies of T4 endonuclease V and
other proteins without the use of a denaturing agent and
results in soluble and active protein. In particular, the cell
suspension may be homogenized by methods that include
forcing an impingement (collision) between two streams of
dispersed cells each flowing at a velocity greater than 150
meters/second so as to produce a single resultant stream that
is flowing at about 1 meter/second.
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[0115] After homogenization the lysate may be clarified by
many methods such as centrifugation or filtration.

[0116] Example 3 and Table 7 compare T4 endonuclease V
in a water-based supernatant prepared using the same cell
paste and either a standard method of sonication or the
method of stream mixing described herein. The first data
column in Table 7 shows the results from the sonication
processing and the second column shows the results from the
stream mixing process. The third column shows the ratio of
the results from stream mixing divided by sonication. The
total amount of protein per milliliter recovered from the
stream mixing approach was more than double the amount
recovered from sonication. Analysis of the undissolved pre-
cipitate from the sonication process by both SDS-PAGE and
Western blot revealed that a substantial amount of T4 endo-
nuclease V remained insoluble. This is characteristic of
undissolved inclusion bodies. The total concentration of T4
endonuclease V in the soluble fraction of the stream mixed
sample was more than seven-times greater than in the soni-
cated sample. This value is greater than the increase in total
protein concentration, indicating that the stream mixing step
selectively solubilized the T4 endonuclease V. The result was
a doubling of overall purity.

[0117] The recovered protein was biologically active. The
unit activity, which is a measurement of biological activity
per unit volume, was determined using the procedures of
Example 1 of the U.S. Pat. No. *211 patent. This value
increased 5-fold, indicating that the stream mixing process
notonly increased the yield of protein but that the protein was
also active. The specific activity, which is the unit activity
divided by the amount of protein in micrograms, was twice as
great, reflecting the increase in purity.

[0118] Although stream mixing is a preferred approach for
the recovery of CPD glycosylase protein and activity, the
present invention does not require the use of this procedure.
For example, techniques which involve the use of solubilizing
agents which denature the CPD glycosylase can be used if
desired. See, for example, Yarosh et al., 1999.

[0119] After stream mixing (if used), the CPD glycosylase
may be recovered by various purification techniques now
known or subsequently developed in the art, including, with-
out limitation, affinity chromatography, size exclusion chro-
matography, ion-exchange chromatography, and combina-
tions of these or other methods. Standard and conventional
methods of protein purification are covered in many text
books, including Scopes, 1994. The goal of the purification is
to reach a CPD glycosylase purity which is preferably 95% or
greater.

[0120] A significant problem in commercial scale purifica-
tion of T4 endonuclease V is the presence of contaminating
HUa proteins. These are abundant proteins in £. coli and have
many characteristics similar to T4 endonuclease V so that
they co-purify using industrial separation methods. The pro-
teins may be separated using research-scale techniques, but
these methods result in greatly reduced yield of T4 endonu-
clease V. This may not be a concern for a research program
that requires small amounts of very pure protein, but it is
unsatisfactory for a commercial scale production scheme that
requires large amounts of protein, e.g., amounts suitable for
regulatory approval. Similar purification problems can exist
for other CPD glycosylases based on the endogenous proteins
of the host cell.

[0121] Example 4 and Table 8 show the results of a com-
mercial-type purification scheme applied to E. coli cultures
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expressing either the native or recombinant denV gene. The
purification steps were the same for the two cultures. In par-
ticular, the cell paste for each was sonicated and then purified
following the methods of the U.S. Pat. No. *211 patent. The
first data column in Table 8 reports the overall protein yield
and the second column reports the yield of T4 endonuclease V
determined by Western blotting. The third column reports the
purity of the preparation, which is the yield of T4 endonu-
clease V divided by the total protein yield.

[0122] As canbe seen from this data, the recombinant gene
expression system produced more protein than the native
gene expression system. Specifically, the yield of T4 endo-
nuclease was over 60-fold greater for the recombinant sys-
tem, resulting in a lysate which was 36% pure compared to
not even 1% pure in the case of the native gene protein. At
each step of purification, the purity of the recombinant gene
protein preparation was substantially greater, being nearly
homogenous following gel filtration.

[0123] Thefinal preparationof T4 endonucleaseV from the
native gene expression system contained approximately 20%
of'its protein as HUa, which was clearly visible in SDS-PAGE
gels loaded with as little as 2.5 micrograms of protein (data
not shown). The final preparation of T4 endonuclease V from
the recombinant gene expression system, on the other hand,
was virtually completely pure, and no HUa protein was vis-
ible in gels loaded with 5 micrograms of protein (data not
shown). HPL.C analysis of these preparations confirmed that
HUo was detectible in native gene expressed protein but
undetectable in recombinant gene expressed protein. An
explanation for this is that the increased yield of T4 endonu-
clease produced a much higher ratio of endonuclease to HUa
protein. Therefore, when a few micrograms of total protein
were analyzed, the HUa fraction was so greatly reduced as to
be undetectable.

[0124] 1. Topical Preparations

[0125] CPD glycosylases can be administered in various
ways, a preferred form of administration being topical since
sun damage to DNA of the skin is prevalent and the resulting
cancers are a serious health concern. In order to achieve
delivery into the skin, the proteins may be formulated in many
forms, which include delivery vehicles such as liposomes,
microsponges or nanoparticles, and which may include pen-
etration enhancers such as oleic acid.

[0126] Liposomes may be dispersed in many types of for-
mulations, including hydrogel formulations. Many types of
hydrogels are available and they may be used at between
0.5% and 1%. However, the important factor is not the con-
centration of the hydrogel, but the viscosity of the resulting
formulation. For example, using a salt buffer such as phos-
phate buffered saline, a 1% formulation of the hydrogel
Hypan SS201 has a viscosity of only about 200 centipoises,
while a 1% formulation of the hydrogel Carbomer 981 NF
produces a lotion with a viscosity of over 3,000 centipoises.
[0127] The liposomes may be combined with other ingre-
dients that benefit the skin, such as sunscreens, anti-oxidants,
moisturizers, anti-inflammatory or anti-nociceptic agents,
fragrances, colors and other ingredients used in the art. They
may also be combined with excipients that increase the sta-
bility of the formulation or its ingredients, and with preser-
vatives that prevent microbial contamination.

[0128] A surfactant in the lotion at sufficiently low concen-
tration can improve the tactile feel of the lotion without dis-
rupting the liposomes. Many types of surfactants may be
used, including many grades of polyethylene glycol (PEG),
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also called CARBOWAX. Concentrations are preferably in
the range of 1% to 10%, e.g., approximately 5%. Surfactants
may be used with water-insoluble ingredients, such as oils
and chemical sunscreens, to produce emulsions. The emul-
sions may be characterized as oil-in-water, water-in-oil, or
water-in-oil-in-water

[0129] An example of a suitable formulation for topical
administration is discussed in Example 5. This example
includes procedures which result in a lotion that has the type
of “feel” that people expect from a topical product that should
be used often, e.g., every day, to prevent DNA damage caused
by sun exposure.

[0130] Although patients with life threatening skin dis-
eases such as xeroderma pigmentosum may be willing to use
less appealing formulations, compliance for patients with less
serious disease requires a more attractive formulation, such as
that of Example 5. People who benefit from such a formula-
tion include patients whose DNA repair has been impaired by
the use of immunosuppressive drugs, such as cyclosporine A,
tacrolimus, picrolimus, ascomycin, FK506 and other cal-
cineurin inhibitors, and rapamycin and other cyclophilin
binding drugs. Other people who benefit from a formulation
with a good “feel” are those with latent Herpes labialis infec-
tions who are at risk for reactivation of the virus due to sun
exposure. Still another group of people who benefit from such
a formulation are those with autoimmune disease or photo-
sensitive diseases that are exacerbated by DNA damage from
UV light exposure, such as lupus erythematosus and poly-
morphic light eruption.

[0131] Without intending to limit it in any manner, the
present invention will be more fully described by the follow-
ing examples.

EXAMPLE 1
Synthesis of Recombinant T4 denV gene

[0132] A recombinant T4 denV gene was synthesized as
single-stranded pieces using the Codon Selection Rules and
the Prior Art Rules discussed above for each occurrence of
each amino acid to which the rules apply. The pieces were
annealed to complementary strands with unique overhangs,
the double-stranded pieces comprising the structural gene
were then annealed and the full gene assembled by ligation.
[0133] FIG. 1 shows the nucleotide sequence of the native
and recombinant denV genes. In each row, the top line shows
the T4 endonuclease V amino acids (SEQ ID NO: 2) using
three-letter designations. The second line begins with the
codon/amino acid number, and then the native denV gene
nucleotide sequence (SEQ ID NO: 3). The third line shows
the nucleotide changes in the synthetic gene constructed by
Inaoka (SEQ ID NO: 4). The fourth line shows the nucleotide
changes in the recombinant gene of the present invention,
designated AGI (SEQ ID NO: 1). Finally, in the second to the
last row, the amino acid substitution of U.S. Pat. No. 5,308,
762 is shown.

[0134] The nucleotide sequence designated as AGI in FIG.
1 is SEQ ID NO:1. As discussed above, this sequence is the
nucleotide sequence of the denV gene modified by the Codon
Selection Rules and the Prior Art Rules.

EXAMPLE 2
Construction of the pARA denV Plasmid

[0135] The structure of the expression plasmid used to pro-
duce T4 endonuclease V enzyme is shown in FIG. 2.

[0136] The recombinant denV gene of Example 1 was
cloned into the Kpnl site of the pBAD plasmid just down-
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stream from the E. coli araB (or ara-2) promoter and upstream
of the strong terminator rrnB1. The pBAD plasmid is avail-
able from Invitrogen Corporation, 1600 Faraday Avenue, PO
Box 6482, Carlsbad, Calif. 92008, and contains the kanamy-
cin resistance gene for selection and the pUCI18 origin of
replication. This construct was called pARAdenV.

[0137] The plasmid was transformed into competent cells
of'the E. coli host strain LMG194, which was found to pro-
duce more T4 endonuclease V than the strain KS272, using
the calcium chloride precipitation technique. The LMG194
E. coli strain is available from Invitrogen Corporation, 1600
Faraday Avenue, PO Box 6482, Carlsbad, Calif. 92008.
Transformed colonies were selected on LB plates containing
kanamycin. The selected colonies were cultured in M9
media, containing a mixture of salts, casamino acids and
glycerol, wherein they produced more T4 endonuclease V
than when grown in LB media, containing tryptone, yeast
extract and salt, or HSP-A media, containing soy protein,
yeast extract and salt.

[0138] A master cell bank of vials containing aliquots of the
transformed cells was prepared, and validated by sequencing
the plasmid from one of the master bank vials. A working cell
bank was prepared by expansion of one vial of the master cell
bank, and this bank was used to inoculate fermentation
batches. The stability of the plasmid in the E. coli was verified
by comparing colony counts on plates with and without kana-
mycin. The similarity of the counts demonstrated that >95%
of the cells in the working cell bank contained the plasmid.
[0139] This plasmid, i.e., the pARA denV plasmid of FIG.
2, has been deposited with the American Type Culture Col-
lection, 10801 University Boulevard, Manassas, Va., 20110-
2209, United States of America, in E. coli strain LMG194 and
has been assigned the accession number PTA-6785. This
deposit was made under the Budapest Treaty on the Interna-
tional Recognition of the Deposit of Micro-organisms for the
Purposes of Patent Procedure (1977) on Jun. 13, 2005.
[0140] The transformed cells were induced to express T4
endonuclease V with arabinose in several ways, including, at
one extreme, treatment of a high density culture with about
0.3% L-arabinose for a few hours at 37° C., and, at the other
extreme, treatment of a low density culture with a concentra-
tion of about 0.001% L-arabinose for several hours at 25° C.
The most practical method with the best yield was found to be
addition of 0.003% L-arabinose to the inoculated culture at
37° C., i.e., a low density culture, followed by growth to a
high density, stationary phase before harvesting the cells.

EXAMPLE 3
Enhanced Recovery of CPD Glycosylase Activity

[0141] Induction of expression of recombinant T4 endonu-
clease V using the plasmid of Example 2 was found to result
in accumulation of the expressed protein in the insoluble
fraction of a sonicated lysate, which is characteristic of inclu-
sion bodies.

[0142] Specifically, from 2 h to 8 h post-induction, the
proportion of the soluble protein fraction that was T4 endo-
nuclease V remained at about 10-20% of total protein, while
the fraction of insoluble protein that was T4 endonuclease V
dramatically increased from 25% to over 70%. Overnight
incubation of these cultures resulted in a yield of about 40%
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protein in the soluble fraction as T4 endonuclease V, while in
the insoluble fraction the proportion was over 90%.

[0143] Following fermentation, the cells were collected by
fixed volume centrifugation, and processed to a dry power by
lyophilization. The cells were then dispersed at a concentra-
tion of about 76 grams per liter in a buffer of Phosphate
Buffered Saline (PBS, 10 mM NaHPO,,, 150 mM NaCl, pH 8)
with 0.1% Triton X-100 using an overhead mixer with a
paddle or marine impeller, with overnight mixing at refriger-
ated temperature. In some cases of cells that were particularly
difficult to disrupt, 1 volume of cold water and Triton X-100
was added to a final concentration of 0.25% (v/v).

[0144] The cell suspension was processed using a stream
mixer, specifically, a Model M-110Y Microfluidizer® (Mi-
crofluidics Inc., Newton, Mass.). This device is equipped with
two chambers: the H30Z Auxiliary Processing Module
(APM), which has a nominal passage size of 200 microns and
the H10Z Interaction Chamber (IC), which has a nominal
passage size of 100 microns. The IC includes a Y-shaped
chamber in which two streams interact (collide) at an angle to
produce a single stream. The velocity of the two streams
before collision is greater than 150 meters/second and after
collision is about 1 meter/second. Although not wishing to be
bound by any theory of operation, it is believed that kinetic
energy is transferred to the cells in connection with this
change in velocity which disrupts the cells and the inclusion
bodies contained within the cells. The disruption of the inclu-
sion bodies is believed to denature the protein so that it can
subsequently refold into active protein.

[0145] When a single pass was performed, the product
stream passed through both the APM and the IC. The operat-
ing pressure, in this case, was between 17,000-20,000 psi at
the start of processing, and leveled off to 12,000-14,000 psi
with further operation. When two passes were performed, the
first pass was through the APM, which broke up the suspen-
sion. The suspension was then diluted with 2 volumes of PBS
to prevent clogging, and then a second pass was performed
through the APM and IC. In either case, the Microfluidizer®
base and product outlet cooling coil were packed in ice during
cell disruption in order to prevent the generation of degrada-
tion products.

[0146] After a single pass, no intact cells were apparent by
microscopic examination. Accordingly, this approach is pre-
ferred since it involves fewer processing steps. After the
completion of the stream mixing procedure, the debris in the
solution was removed by centrifugation at 8,000 rpm for 15
minutes in a Beckman Model J2-21 centrifuge with a JA-10
rotor, followed by lysate clarification by filtration through 0.2
um Sartobran P filters.

[0147] The stream mixing approach of the present inven-
tion was compared to a method of the prior art which used
only sonication to lyse the cells. Cell paste from the recom-
binant expression vector induced with L-arabinose was pre-
pared at approximately 40 grams per liter at refrigerated
temperatures and was processed by sonication for 3 hours
using a Misonix X1.2020 Continuous Flow Sonicator (Farm-
ingdale, N.Y.) at an output setting of 6. The paste reservoir
was cooled with ice packs and circulated with a Cole Palmer
Model 7591-50 peristaltic pump, Model 7019-21 pump head,
with 34" 1.d. tubing at setting number 5. Debris was removed
by centrifugation at 6,800 rpm for 15 minutes using a Beck-
man Model JA-20 centrifuge with a JLA 8.1000 rotor.
[0148] The supernatants from the stream mixer (single pass
procedure) and sonicator preparations were analyzed for (a)
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recovery of total protein, (b) T4 endonuclease V protein by
Western blotting, and (¢) DNA repair activity. Table 7 shows
results for sonication (average of five preparations) and
stream mixing (average of 2 preparations).

[0149] As can be seen in this table, the stream mixing
method is clearly superior in yield of total protein (250%),
and even more so in yield of T4 endonuclease V (710%). Total
activity in the preparation (unit activity) is dramatically
increased, due to the solubilization and reactivation of the T4
endonuclease V from the inclusion bodies. The protein purity
is more than twice as great, and the specific activity (enzyme
activity divided by total protein) is also twice as great, indi-
cating that the protein contributing to the increased purity is
also enzymatically active.

EXAMPLE 4

Comparison of Yield and Purity of T4 Endonuclease
V Protein Purified from E. coli Cultures Expressing
Either the Native or Recombinant denV Gene
Sequence

[0150] E. coli were induced to express either the native
denV gene or the recombinant denV gene of Example 1 under
the same conditions. In each case the T4 endonuclease V was
purified by the same methods, i.e., the methods of the U.S.
Pat. No. ’211 and U.S. Pat. No. *231 patents. Table 8 com-
pares the yield and purity of the preparations at each step in
the production/purification process.

[0151] As canbe easily observed in Table 8, at each step in
the process, the T4 endonuclease V purity is greater in the
preparation that began with the recombinant gene compared
to expression from the native sequence. In the end, the native
sequence method yielded protein with only 76% purity, while
the recombinant gene yielded protein with 99% purity.

EXAMPLE 5
Topical Application of CPD Glycosylases

[0152] An example of a formulation that can be used to
topically administer CPD glycosylases is shown in Table 9. In
this table, the ingredients used in the formulation are followed
by procedure steps which ensure that the lotion has a consis-
tency and feel appropriate for daily topical administration.

EXAMPLE 6

Use of Stream Mixing to Recover Non-CPD Glyco-
sylase Proteins

[0153] This example illustrates the use of stream mixing to
recover proteins other than CPD glycosylases from inclusion
bodies.

[0154] In a first experiment, photolyase from Anacystis
nidulans was recovered from inclusion bodies formed in E.
coli bacteria. Photolyase is a DNA repair enzyme having a
molecular weight of 53 kd.

[0155] In this experiment, a cell paste of £. coli bacteria
containing this photolyase in inclusion bodies was resus-
pended with gentle stirring overnight in phosphate buffered
saline. The cell suspension was processed by stream mixing
using a Microfiuidics Model M-110Y pressure homogenizer
with an H10Z interaction chamber at 2 to 8° C. The recovered
homogenate was clarified by ultrafiltration and 0.2 pm filtra-
tion, which eliminated cells, cell debris and residual inclusion



US 2010/0112642 Al

bodies. The recovered solution was further purified by qua-
ternary ammonium membrane ion exchange chromatogra-
phy.

[0156] The partially purified enzyme had a protein concen-
tration of 0.31 mg/ml. and a potency of 70 units per micro-
gram, where a unit is defined as the number of endonuclease-
sensitive sites per million bases removed per microgram of
protein under standard assay conditions (Yarosh et al., 2002.).

[0157] In a second experiment, 8-oxoguanine glycosylase
(OGG1) from Arabidopsis thalania was recovered from
inclusion bodies in £. coli. OGG1 is a DNA repair enzyme of
43 kd.

[0158] In this experiment, a cell paste of £. coli bacteria
containing OGG1 in inclusion bodies was resuspended with
gentle stirring overnight in a HEPES based buffer (50 mM
HEPES, 10 mM NaCl, 10 mM EDTA, pH 8.0) at a density of
40 gm/L.. The cell suspension was processed by stream mix-
ing using a Microfluidics Model M-110Y pressure homog-
enizer with an H10Z interaction chamber at 2 to 8° C. The
recovered homogenate was clarified by centrifugation and 0.2
um filtration, which eliminated cells, cell debris and residual
inclusion bodies. The recovered solution had a protein con-
centration of 16.45 mg/ml. with an enzyme activity of 7.8x
107 units per microgram, where a unit is defined as in the U.S.
Pat. No. ’211 patent.

[0159] In this example, as well as in Example 3, stream
mixing was performed using a pressure homogenizer from
Microfiuidics Inc., Newton, Mass. Suitable equipment for
performing stream mixing is available from various other
manufacturers. For example, another device that causes
stream mixing is the Emulsiflex-C50 made by Avestin Inc.,
2450 Don Reid Drive, Ottawa, Canada. This device operates
essentially like the Microfluidics device in that it spits the
main stream into two streams which then collide with each
other. A further device that causes stream mixing is the Mini
DeBee, made by Bee International Inc., 46 Eastman Street,
South Easton, Mass., which directs a first stream against a
fixed surface, which rebounds and collides with the oncoming
stream to cause the stream mixing. These or other devices
now known or subsequently developed can be used in the
practice of the stream mixing aspects of the invention.

[0160] As the foregoing examples demonstrate, in accor-
dance with the invention, it has been unexpectedly found that
changing the nucleotide sequence of the denV gene greatly
increases the percentage of cell protein found as T4 endonu-
clease V, and without cell death. For the first time, cells have
been prepared that consistently include much greater than
25% of cellular protein as T4 endonuclease V. It has been
further unexpectedly discovered that, although a large frac-
tion of the T4 endonuclease V in the cells so induced are in
inclusion bodies, the use of a stream mixer solubilizes the
inclusion bodies and recovers active protein. In this way, the
two-step process of (a) solubilizing inclusion bodies using a
denaturing agent and (b) subsequently removing the denatur-
ing agent to obtain active protein can be avoided. The recom-
binant DNA aspects of the invention can be used with CPD
glycosylases other than T4 endonuclease V, and the stream
mixing aspects can be used with a variety of proteins other
than CPD glycosylases.

[0161] Although specific embodiments of the invention
have been described and illustrated, it will be apparent to
those skilled in the art that modifications and variations can be
made without departing from the invention’s spirit and scope.

May 6, 2010

The following claims are thus intended to cover the specific
embodiments set forth herein as well as such modifications,
variations, and equivalents.
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TABLE 3-continued

Present Invention Rules for Preferred Codon

Amino acid homologies in the T4 endonuclease V subfamily of CPD

Ugage. glycosylases
. amino
Amino Preferred AA number acid Function if known*
Acid Abbreviation Codon
82 Glycine
106 Proline substrate binding
Group B
_— *The functional significances of the particular amino acids are described in
Isoleucine Ile ATC Atkins Latham and Lloyd, 1994, and Augustine et al., 1991.
Phenylalanine Phe TTC TABLE 4
Aspartic Acid Asp GAC Amino Acid Homologies between Amino Acids 115 and 123
in the Two Subfamilies of CPD Glycosylases
Histidine His CAC .
T4 endonuclease V Micrococcus luteus
Subfamily Family Subfamily Amino
AA Number  Amino Acid Acid
TABLE 3 115 Glutamine or
Arginine
Amino acid homologies in the T4 endonuclease V subfamily of CPD 116 Alanine or Lysine Lysine
glycosylases 117 Arginine {gap}
118 Isoleucine or Leucine Leucine
amino 119 Alanine, Aspartic Alanine or Serine
AA number acid Function if known* Acid, Lysine or
Leucine
3 Arginine substrate binding 120 Alanine or Glutamic Valine, Threonine or
12 Leucine Acid Serine
17 Leucine 121 Lysine or Arginine Arginine
22 Arginine substrate binding 122 Serine
23 Glutamic acid catalysis 123 Proline
81 Arginine
TABLE 5
Amino Acid Codon Usage among CPD Glycosylases
CPD Glycosylases from These Organisms and their Related Strains
Phage  Phage Chlorella Prochloro-  Haemo- Micro- Nitro- Azo-
Amino Acid Codon T4 RB69 Virus Bordetella coccus philus  Brucella  Pasteurella  coccus  somonas  arcus
Group A
Tyrosine TAC 29% 0% 43% 60% 33% 75% 20% 25% 0% 0% 50%
Glycine GGT 86% 0% 75% 0% 0% 60% 17% 60% 18% 14% 0%
Valine GTT 71% 100% 67% 14% 0% 25% 25% 0% 0% 38% 25%
Serine TCT 40% 100% 0% 0% 33% 0% 0% 0% 0% 0% 9%
Alanine GCT or 85% 100% 89% 5% 80% 83% 35% 50% 0% 54% 55%
GCA
Group B
Isoleucine ATC 31% 0% 8% 33% 29% 40% 60% 33% 100% 67% 100%
Phenylalanine TTC 38% 0% 33% 67% 71% 25% 75% 29% 100% 80% 67%
Aspartic Acid  GAC 13% 0% 44% 67% 40% 0% 100% 71% 100% 0% 43%
Histidine CAC 25% 0% 0% 75% 33% 50% 100% 20% 100% 54% 57%
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TABLE 6 TABLE 8
Effect of Most Preferred Embodiments of the Comparison of native and recombinant gene expression for yield
Present Invention on Codon Usage in the denV and purity.
gene Purity: Percent
Protein Yield T4 endonuclease V. of total protein
Native Recombinant
Amino Acid Codon den V gene denV gene Lysate
Group A Native 412,000 mg 3,710 mg 0.9%
Recombinant 659,000 mg 237,000 mg 36.0%
Tyrosine TAC 20% 100% Clarification
. . . Native 53,900 mg 3,080 mg 5.7%
Glycine GGT 86% 100% Recombinant 90,800 mg 50,900 mg 56.0%
Gel Filtration
Valine GTT 71% 86%
Native 2,170 mg 213 mg 9.8%
Serine TCeT 403 1002 Recombmant 8,520 mg 8,180 mg 96.0%
Affinity
Chromatography
Alanine GCT or GCA 85% 92% -
Native 237 mg 179 mg 76.0%
Group B Recombinant 4,030 mg 3,990 mg 99.0%
Isoleucine ATC 31% 100%
Phenylalanine TTC 38% 100% TABLE 9
Formulation for Delivery of Liposomes Containing One or
Aspartic acidGAC 13% 88% More CPD Glycosvylases, e.g.. T4 Endonuclease V, to Skin
Histidine cac 25% 100% Step  Percent  Ingredient
1 79.5 Deionized water
1 0.90 CARBOPOL 981 NF
2 9.66 10-fold concentrate Phosphate Buffer Saline
TABLE 7 2 1.00 Phenoxyethanol
3 0.60 Triethanolamine
Comparison of Sonication to Stream Mixing 4 5.00 CARBOWAX PEG-400
5 3.34 Liposomes containing T4 endonuclease V
Stream Mixing/ protein, 34 micrograms protein per ml,
Sonication Stream Mixing Sonication 3 trillion liposomes per ml
6 qs Triethanolamine
Total Protein 6.9 17.5 250%
(mg/ml) Procedure:
T4 endonuclease V 11 7.8 710% 1. In kettle, combine Step 1 ingredients and heat to 60° C. Mix with propel-
(mg/ml) ler at medium to high speed.
Purity 20.4% 44.3% 220% 2. Add Step 2 ingredients to batch and mix until dispersed.
Unit Activity 2,320 11,700 500% 3. Add Step 3 ingredient to batch and continue mixing until solution is clear
(U/ml x 10%) and uniform. Hold temperature at 60° C.
Specific Activity 336 667 200% 4. Add Step 4 ingredient to batch, mix until clear and uniform. Cool batch to
(Utug x 10%) 20° C. . . . o
5. Add Step 5 ingredient to batch, mix gently at slow speed until uniform.
6. Adjust pH to 7.6-7.8 if necessary using Step 6 ingredient.
SEQUENCE LISTING

<160>

<210>
<211>
<212>
<213>
<220>
<223>

<400>

NUMBER OF SEQ ID NOS: 4

SEQ ID NO 1

LENGTH: 417

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Recombinant DNA sequence for CPD glycosylase
of the bacteriophage T4 denV gene as modified by AGI

SEQUENCE: 1

atgaccegta tcaacctgac cetggtttet gaactggetg accagcacct gatggetgaa
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-continued
taccgtgaac tgccgegtgt ttteggtget gtacgtaaac acgttgctaa cggtaaacgt 120
gttcecgtgact tcaaaatctc tccgaccttce atcctgggtg ctggtcacgt taccttettt 180
tacgacaaac tggaattcct gcgtaaacgt cagatcgaac tgatcgctga atgcctgaaa 240
cgtggtttca acatcaaaga caccactgtt caggatatct ctgacatccc gcaggaattc 300
cgtggtgact acatcccgca cgaagcttct atcgcaatct ctcaggetceyg tctggacgaa 360
aaaatcgctc agcgtccgac ctggtacaaa tattacggta aagcaatcta cgcttaa 417

<210> SEQ ID NO 2

<211> LENGTH: 138

<212> TYPE: PRT

<213> ORGANISM: Bacteriophage T4

<400> SEQUENCE: 2

Met Thr Arg Ile Asn Leu Thr Leu Val Ser Glu Leu Ala Asp Gln His
1 5 10 15

Leu Met Ala Glu Tyr Arg Glu Leu Pro Arg Val Phe Gly Ala Val Arg
20 25 30

Lys His Val Ala Asn Gly Lys Arg Val Arg Asp Phe Lys Ile Ser Pro
35 40 45

Thr Phe Ile Leu Gly Ala Gly His Val Thr Phe Phe Tyr Asp Lys Leu
50 55 60

Glu Phe Leu Arg Lys Arg Gln Ile Glu Leu Ile Ala Glu Cys Leu Lys
65 70 75 80

Arg Gly Phe Asn Ile Lys Asp Thr Thr Val Gln Asp Ile Ser Asp Ile
Pro Gln Glu Phe Arg Gly Asp Tyr Ile Pro His Glu Ala Ser Ile Ala
100 105 110

Ile Ser Gln Ala Arg Leu Asp Glu Lys Ile Ala Gln Arg Pro Thr Trp
115 120 125

Tyr Lys Tyr Tyr Gly Lys Ala Ile Tyr Ala
130 135

<210> SEQ ID NO 3

<211> LENGTH: 417

<212> TYPE: DNA

<213> ORGANISM: Bacteriophage T4

<400> SEQUENCE: 3

atgactcgta tcaaccttac tttagtatct gaattggctyg accaacactt aatggctgaa 60
tatcgtgaat tgccgegtgt ttttggtgeca gttegtaage atgttgctaa cggtaaacgt 120
gttcgtgatt tcaaaatcag tcctactttt atccttggeg caggtcatgt tacattcettt 180
tacgataagc tcgagttctt acgtaaacgt caaatcgage ttatagctga atgtttaaaa 240
cgtggtttta atatcaagga tactacagtc caggatatta gtgatattcce tcaggaatte 300
cgtggtgatt atattcccca tgaagettcet attgctatat cacaagcteg tttagatgaa 360
aaaattgcac aacgtcctac ttggtacaaa tactacggta aggcgattta tgcataa 417

<210> SEQ ID NO 4

<211> LENGTH: 417

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
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<223> OTHER INFORMATION: Recombinant DNA sequence for CPD glycosylase
of the bacteriophage T4 denV gene as modified by Inaocka

<400> SEQUENCE: 4

atgacgcgta tcaaccttac tttagtatce gagttagetg accaacactt

taccgtgaat tgccgegtgt ttttggtgea gttegtaage acgtagcaaa

gttcgtgatt tcaaaatcag tcctactttt atccttggeg caggtcatgt

tacgataagc tcgagttett acgcaagegt caaattgage ttatagctga

cgtggtttca atatcaagga tactacagte caggacatca gtgacattcce

cgtggtgatt atattcccca tgaagettet attgcetatat cacaageteg

aaaattgcac aacgtectac ttggtacaaa tactacggta aggcgattta

aatggctgaa 60
cggtaaacgt 120
tacattcttce 180
atgtttgaaa 240
tcaagaattc 300
tttagatgaa 360
tgcagaa 417

What is claimed is:

1. A culture of cells that produces a CPD glycosylase
protein wherein for at least one period of at least ten minutes,
at least 25 weight percent of the total protein produced by the
culture during the period is the CPD glycosylase protein.

2. The culture of claim 1 wherein the CPD glycosylase
protein is T4 endonuclease V.

3. A method for producing a CPD glycosylase protein
comprising:

(a) culturing cells which produce the CPD glycosylase

protein; and

(b) collecting the CPD glycosylase protein;

wherein the CPD glycosylase protein comprises at least 25

weight percent of the total protein produced by the cells
during step (a).

4. The method of claim 3 wherein the CPD glycosylase
protein is T4 endonuclease V.

5. A method for producing a protein comprising:

(a) culturing cells which produce the protein, at least some

of said protein being in inclusions bodies; and

(b) collecting the protein;

wherein in step (b), at least part of the protein produced by

the cells in step (a) is subjected to a mixing process that
comprises: (1) forming two or more flowing streams at

least one of which contains inclusion bodies which con-
tain the protein, and (ii) impinging the streams on one
another to disrupt at least some of the inclusion bodies.

6. The method of claim 5 wherein the at least one flowing
stream which contains inclusion bodies containing the pro-
tein comprises intact cells.

7. The method of claim 5 wherein the at least one flowing
stream which contains inclusion bodies containing the pro-
tein comprises disrupted cells.

8. The method of claim 5 wherein:

(1) at least one of the flowing streams has a velocity V1 prior

to the impingement, and

(ii) the impingement produces a stream that has a velocity
V2, where V1 minus V2 is greater than or equal to 90
meters/second.

9. The method of claim 5 wherein:

(1) at least one of the flowing streams has a velocity greater
than or equal to 100 meters/second prior to the impinge-
ment, and

(ii) the impingement produces a stream that has a velocity
which is less than 10 meters/second.

10. The method of claim 5 wherein the protein is a CPD

glycosylase protein.



