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USE OF THERMOPHILIC NUCLEASES FOR
DEGRADING NUCLEIC ACIDS

This application 1s a 371 of International Patent Applica-
tion No. PCT/US2014/026379 filed Mar. 13, 2014, which
claims priority under 35 U.S.C. § 119(e) to U.S. Provisional
Patent Application No. 61/928,080 filed Jan. 16, 2014, and
to U.S. Provisional Patent Application Ser. No. 61/794,400
filed Mar. 135, 2013, the entire contents of each of which are
hereby incorporated by reference.

FIELD OF THE INVENTION

This mnvention relates to a method for degrading the
nucleic acids of a host cell 1n vivo and/or 1n situ, 1n particular
when the host cell comprises a recombinant DNA, using a
heterologous thermophilic nuclease. The present invention
1s beneficial 1n mactivating the biological activity of recom-
binant DNA 1n a biomass. The nactivation of the biological
activity of recombinant DNA helps to prevent active recom-
binant DNA molecules from remaining in the end product
isolated from the biomass or in the biomass itself. In
addition, the 1nactivation of the biological activity of recom-
binant DNA helps to prevent active recombinant DNA
molecules from being released into the environment.

BACKGROUND OF THE INVENTION

Biotechnological production processes are increasingly
employed to obtain biological compounds and fine chemi-
cals. The progress of molecular biology techniques makes
possible the mass production of a wide variety of biological
compounds and fine chemicals such as proteins, antibodies,
polysaccharides, antibiotics, amino acids, vitamins, alco-
hols, etc. Often, 1n order to increase the efliciency of the
production, the gene(s) producing the desired end product(s)
1s (are) genetically modified and/or introduced 1nto a heter-
ologous organism. The production of the desired end prod-
uct(s) then takes place in fermenters controlled by modern
control techniques. The end products are either the cells
themselves, extracted from the cells, or collected from the
cell culture broth 11 the compounds are found therein (either
by active or passive secretion processes or cell lysis).

It 1s common to see that the biomass produced at the end
of the fermentation process contains the desired end pro-
duct(s) but also active DNA molecules. Often, the active
DNA molecules are recombinant DNAs. If left untreated, the
recombinant DNA molecules could remain 1n the 1solated
end product and could also be released into the environment.
There have been great concerns by the general public about
the possible adverse eflect of the remnant recombinant DNA
materials 1 crops and food products on human health. In
addition, concerns about the potential impact of the recom-
binant DNA on the environment have caused the authorities
and 1nstitutions 1n most countries to 1ssue statutory require-
ments and regulations calling for inactivation of the waste
maternials produced from the fermentation process before
being released into the environment.

There are several ways to 1nactivate nucleic acids. For
example, nucleic acids can be mactivated physically, and
most commonly, by heat. U.S. Pat. No. 5,417,862 reports a
method of inactivating the biological activity of DNA by
heating the DNA to 60-100° C. 1n the presence of an acid.
A similar method of degrading DNA by a combination of
heat and acid 1s reported i U.S. Pat. No. 5,118,603, The
heating methods require considerable amounts of energy,
which add to the costs of the end product in large scale

10

15

20

25

30

35

40

45

50

55

60

65

2

fermentation processes. Furthermore, depending on the
nature of the end product, the harsh heat (and/or acidic)
conditions could be detrimental to the integrity and activity
of said product.

The nucleic acids can also be inactivated by other physi-
cal means. U.S. Pat. No. 6,165,711 reports a method using
laser beams for disintegrating nucleic acids 1n a biologically
active proteinaceous material. As another example, a method
for mactivating microorganisms using high-intensity pulsed
polychromatic light 1s reported in U.S. patent application
Ser. No. 09/818,256, now abandoned. This method requires
complicated light-generating devices to be used and con-
stantly maintained, and thus 1s cost-intensive. The light
beams may disintegrate not only nucleic acids, but also other
biological substances or active compounds which will cause
them to lose their desired properties.

The nucleic acids can also be 1nactivated chemically by

acids or alkali. For example, in U.S. Pat. No. 7,435,567/, a
method using hypochlorous acids for induction of autodi-
gestion of nucleic acids 1n a microorganism 1s reported. U.S.
Pat. Nos. 5,417,862 and 5,118,603 described above use other
types of acid for the degradation of nucleic acids. While
these methods cause the disruption of nucleic acids, the acid
and alkali conditions are severe. The severe conditions may
cause the unwanted denaturation of certain biological com-
pounds such as proteins. The amount of the acid and alkali
used can be relatively large, which makes the method
disadvantageous from the industrial production viewpoint as
well.

Attempts have been made to mactivate nucleic acids of an
organism enzymatically, such as by using a nuclease. U.S.
patent application Ser. No. 13/127,825 reports a method for
degrading host cell nucleic acids associated with vaccine
production, where the method comprises a step of nucleic
acid degradation by adding purified nuclease into the cell
culture. In U.S. patent application Ser. No. 10/607,903, the
construction of a transgenic bacterial strain expressing a
heterologous nuclease gene 1 an amount eflective to
degrade nucleic acids 1s reported. While the method of
adding nuclease 1n vitro such as the one reported 1n U.S.
patent application Ser. No. 13/127,825 causes disruption of
nucleic acids, the cost 1s high since large amounts of
nuclease are required, and the efliciency of degradation 1s
low because the cell wall of the host cell blocks the access
to nucleic acids by the nuclease when added in vitro. The
transgenic approach such as the one reported 1n U.S. patent
application Ser. No. 10/607,903 allows the nuclease to be
co-expressed with the host cell and thus gain access to the
host nucleic acids 1n vivo. However, co-expressing a nucle-
ase 1 a cell without any protection mechamsm, such as
methylation, will signmificantly stress the cell, resulting in
weakened cell growth and reduced production of end prod-
uct.

The problem underlying the present invention 1s therefore
to provide a cost-etlective way to degrade the nucleic acids
of a host cell that produces biological compounds and fine
chemicals, especially on an industrial production scale. A
turther problem underlying the present invention 1s to pro-
vide a method 1n which the nucleic acid degradation process
1s controllable and does not impede the production of the
desired end product(s) in the host cell. The above problems
are solved according to the invention by the subject matter
of the present claims.

SUMMARY OF THE INVENTION

We have now surprisingly found that thermophilic nucle-
ases can be used for degrading nucleic acids 1 vivo and/or
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in situ 1n a controlled manner. This 1vention relates to a
novel method for degrading nucleic acids of a host organism
where the host organism 1s modified or transformed with one
or more heterologous thermophilic nuclease genes. The
thermophilic nucleases disclosed 1n this invention are latent
at temperatures at which the cell culture 1s normally grown
to produce the desired product, but can be selectively
activated at a higher temperature and thus degrade the
nucleic acids of the host organism, and/or the recombinant
nucleic acids integrated 1n the host organism, once activated.
The activation can be triggered at any desired time point,
such as the harvest time of the cell culture when product
formation 1s already complete. In addition to easy control,
the application of this inventive process has the benefit of
acting 1 vivo and/or in situ and thus improving the eth-
ciency of the enzymatic reaction and avoids the drawbacks
and problems of the existing physical or chemical methods.
It has thus been made possible, by application of the
disclosed invention, to obtain biological compounds and fine
chemicals 1n the form of 1ntact cells where the active nucleic
acids content of the cell, especially recombinant DNAs, 1s
degraded and inactivated.

The practice of this invention i1s broadly applicable to both
microorganisms and higher eukaryotic cell cultures, and
particularly industrial strains used 1n a large scale production
of commercial end products.

One aspect of the mvention relates to a method for
degrading the nucleic acids of a host cell 1n vivo and/or 1n
situ, wherein the host cell comprises a heterologous nucleic
acid sequence encoding a thermophilic nuclease gene,
wherein the method comprises: a) growing the host cell at a
temperature at which the thermophilic nuclease 1s latent; and
b) degrading the nucleic acids of the host cell by changing
the temperature 1n step (a) to a temperature at which the
thermophilic nuclease 1s active.

The present mvention also provides a genetically modi-
fied cell which comprises heterologous nucleic acid
sequences encoding one or more of the thermophilic nucle-
ase genes described above. In one embodiment, the genet-
cally modified cell produces one or more end products, and
the end products produced by the genetically modified cell
are not the above thermophilic nucleases. In one embodi-
ment, the genetically modified cell 1s created by introducing
one or more heterologous thermophilic nuclease genes
described above 1nto a host cell. This host cell can be either
a cell which has not been genetically modified, or a cell
which has previously been genetically modified. This host
cell, before being modified with the one or more heterolo-
gous thermophilic nuclease genes, produces one or more end
products wherein said one or more end products are not the
thermophilic nucleases. In another embodiment, the above
mentioned host cell may be modified first with one or more
thermophilic nuclease genes to create a genetically modified
cell, and the genetically modified cell 1s subsequently
genetically engineered to produce one or more other end
products.

Another aspect of the invention relates to the use a
thermophilic nuclease for degrading the nucleic acids of a
host cell 1n vivo and/or 1n situ, wherein the thermophilic
nuclease 1s heterologous to the host cell.

Yet another aspect of the invention relates to process for
the production of a biomass product which is free of active
nucleic acid molecules, wherein the biomass product 1s the
product of a host cell comprising a heterologous nucleic acid
sequence encoding a thermophilic nuclease gene, wherein
the process comprises: a) fermenting the host cell at a
temperature at which the thermophilic nuclease 1s latent; b)
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degrading the nucleic acids of the cell by changing the
temperature 1 step (a) to a temperature at which the
thermophilic nuclease 1s active; and ¢) recovering the bio-
mass product, wherein the order for performing steps b) and
step ¢) may be exchanged.

In one embodiment, the nuclease mentioned in the above
aspects of invention 1s a DNA-degrading nuclease and the
nucleic acids of the host cell are DNA. In one specific
embodiment, the DNA of the host cell contains recombinant
DNA. In another embodiment, the nuclease 1s a RNA-
degrading nuclease and the nucleic acids the host cell are
RNA.

In one embodiment, the temperature 1n step (a) of the
above process invention and the method invention 1s optimal
for the growth of the host cell. In one embodiment, the
degradation 1s conducted at a temperature that is within
about +£5° C. of the optimum temperature of said thermo-
philic nuclease. In a specific embodiment, the degradation 1s
conducted at the optimum temperature of said thermophilic
nuclease. In another embodiment, the degradation 1s con-
ducted during the pasteurization of the host cell. In another
embodiment, the degradation 1s conducted 1n a temperature
range between 40° C. and 100° C.

In one embodiment, the DNA-degrading nuclease 1s Taql
nuclease. In one embodiment, the degradation 1s conducted
at a temperature ranging between about 60° C. and about 70°
C. In a specific embodiment, the degradation 1s conducted at
65° C. In one embodiment, the Tagl nuclease comprises a
polypeptide having an amino acid sequence of SEQ ID
NO:3. In another embodiment, the gene of Tagl nuclease
comprises a nucleic acid sequence encoding a polypeptide
having an amino acid sequence of SEQ 1D NO:3.

In one embodiment, the DNA-degrading nuclease 1s Phol
nuclease. In one embodiment, the degradation 1s conducted
at a temperature ranging between about 70° C. and about 80°
C. In a specific embodiment, the degradation 1s conducted at
75° C. In one embodiment, the Phol nuclease comprises a
polypeptide having an amino acid sequence of SEQ ID
NO:10. In another embodiment, the gene of Phol nuclease
comprises a nucleic acid sequence encoding a polypeptide
having an amino acid sequence of SEQ ID NO:10.

In one embodiment, the host cell 1s from a plant. In
another embodiment, the host cell 1s from an animal. In yet
another embodiment, the host cell 1s from a microorganism.
In one embodiment, the microorgamism 1s selected from a
group consisting of: yeast, fungi, algae, bacteria, and
archaca. In another embodiment, the microorganism 1is
selected from a group consisting of: Yarrowia, Bacillus,
Escherichia, Pseudomonas, Paracoccus, Corynebacterium,
Candida, Hansenula, Saccharvomyces, Mortievella, Schi-
zosaccharomyces, Aspergillus, Fusarium, 1richoderma,
Crypthecodinium, Schizochytrium, and Thraustochytrium.
In a specific embodiment, the Yarrowia species 1s Yarrowia
lipolytica.

In one embodiment, the host cell produces one or more
end products that 1s not the thermophilic nuclease. In one
embodiment, the end product 1s selected from the group
consisting of: phytoene, lycopene, beta-carotene, alpha-
carotene, beta-cryptoxanthin, lutein, zeaxanthin, astaxan-
thin, canthaxanthin, echinenone, 3-hydroxyechinenone,
3'-hydroxyechinenone, adonirubin, violaxanthin, adomixan-
thin, ubiquinone, vitamin K, vitamin E, retinol, retinal,
retinoic acid, retinol palmitate, and modified forms thereof.

In one embodiment, the gene of the thermophilic nuclease
1s codon optimized to match the codon usage bias of the host
cell. In one embodiment, the codon optimized thermophilic
nuclease gene comprises the nucleic acid sequence of SEQ




US 10,385,308 B2

S

ID NO:1. In another embodiment, the codon optimized
thermophilic nuclease gene comprises the nucleic acid
sequence of SEQ 1D NO:8.

In one embodiment, more than one thermophilic nuclease
gene 1s introduced into the host cell. In another embodiment,
the recombinant DNA 1s optimized to include additional
sites of the thermophilic nuclease. In one embodiment, the
recombinant DNA 1s optimized to include one cleavage site
every 500 or fewer nucleotides.

In one embodiment, the heterologous thermophilic nucle-

ase genes used in the present invention do not affect the
production efliciency of the end product of the host cell.

LIST OF SEQUENCES

The nucleic acid sequences listed i the accompanying

sequence listing are shown using standard letter abbreviation
for nucleotide bases. Only one strand of each nucleic acid
sequence 1s shown, but the complementary strand 1s under-
stood to be included by any reference to the displayed
strand. In the accompanying sequence listing:
SEQ ID NO:1 1s the DNA sequence encoding Taqgl
nuclease from 7Thermus aquaticus, as optimized for expres-
sion 1n Yarrowia lipolytica, and includes restriction sites for
cloning and a 3' ribosomal binding site.

SEQ 1D NO:1:

gctagccacaaaaatggcttceccactcaggectcagaaggcetcecttgagact

ttcgagcgatttctegettectettgacctggagtectaccagecagaagt

accgacccatcaagactgttgagcaggaccttcoccececgagagectgaacce

cctteccgacctgtacgagcactactggaaggeccttgaggataacccce

tcecttectgggcttegaggagttetttgaccactggtgggagaagegac

ttcgacccectegacgagttcattegaaagtacttttggggttgetecta

cgcctttgttegacttggecttgaggcetecgactgtaccgaactgeogtt

tccatctggactcagtttcacttctgectaccgatggaacgectectgeg

agcttceccceccecttgaggecgeccccgagettgacgeccagggcattgacge

cctgattcacacttececggttectcectacecggaatccagatcaagaaggag

acttaccgatccgaggccaagtccgagaaccgatttcectecgaaagcage

gaggcaccgccctcatcegagattcecectacaccecttcagactecoccgagga

gcttgaggagaaggccaagcgagcoeccgagttaacggagagacttacecga

ctttgggccaaggttgctcaccaccttgaccgacttgagaacggttttg

tcatttttcgagagtcttacgttaagtctattgagettttecteccagaa

gaacgctcccaccctttetggactecattecgatgggaccgagttgetecag

gaggccctcaccgecccectaaacgegt

SEQ ID NO:2 1s the non-optimized DNA sequence encod-

ing Taql nuclease, from Thermus aquaticus.
SEQ ID NO:2:

atggcttccacacaagcccagaaagcgcetcgaaacttttgagegttttcet

cgcaagcttggacctcecgagtcectaccagcaaaagtaccgecctatcaaaa

cggttgaacaagacctgcectagggagctgaacccecgettecggacctgtac

gagcattattggaaagcgcttgaggataacccttecttectgggettcega

10

15

20

25

30

35

40

45

50

55

60

65

6

-continued

agagttctttgaccactggtgggaaaagcgcctacggceccttggacgagt
tcatacgcaaatacttttggggatgctcectacgegtttgttegettgggc
ctcgaggctaggctgtaccgaacagecgtttecatetggactcagtttca
cttctgctaccgcectggaacgcectectgegagettectcetagaagetgecc
cagaactcgacgcccaagggatagacgcegctgattcatacaagegggtcec
tcaacaggaatccagatcaaaaaggaaacttaccgttcecgaggccaagayg
cgagaaccgctttttaaggaagcaaagaggcaccgcecctcecategagattc
cctacaccctgcagacaccagaggagctecgaagaaaaagccaaacgggcea
agagtgaacggagaaacctaccgtctatgggccaaggttgcacaccattt
ggaccgtctagaaaacggattcgtcatttttegggaaagttatgtgaaaa
gcattgagctttttcectcecagaaaaacgcetcectacectatetgggetecate

cgctgggacagggtggcccaggaagecctcacegececegtga

SEQ ID NO:3 1s the amino acid sequence of Tagl nucle-
ase, as deduced from SEQ ID NO:1.

SEQ 1D NO:3:

MASTOQAQKALETFERFLASLDLESYQOKYRPIKTVEQDLPRELNPLPDLY
EHYWKALEDNPSEFLGFEEFFDHWWEKRLRPLDEF IRKYFWGCSYAFVRLG
LEARLYRTAVSIWITQFHFCYRWNASCELPLEAAPELDAQGIDALIHTSGS
STGIQIKKETYRSEAKSENREFLRKORGTALIEIPYTLOTPEELEEKAKRA
RVNGETYRLWAKVAHHLDRLENGEVIFRESYVKS IELFLOKNAPTLSGLI

RWDRVAQEALTAP

SEQ ID NO:4 1s the DNA sequence of the heterologous

carB open reading frame harbored by a Yarrowia lipolytica
strain.

SEQ ID NO:4: carB gene

atgtccaagaaacacattgtcattatcggtgctggegtgggtggcacgg
ctacagctgctecgtttggcecccgecgaaggcttcaaggtcactgtggtgga
gaaaaacgactttggtggcggccgectgcetecttgatccatcaccagggce
catcgcectttgatcagggcoeccgtegetctacctgatgeccaagtactttg
aggacgcctttgeccgatetggacgagegcattcaagaccacctggaget
gctgcgatgcecgacaacaactacaaggtgcactttgacgacggtgagtcg
atccagctgtcecgtcectgacttgacacgcatgaaggctgaattggaccgeg
tggagggccccecttggttttggecgattectggatttcatgaaagagac
acacatccactacgaaagcggcaccctgattgegcectcaagaagaattte
gaatccatctgggacctgattcgcatcaagtacgetccagagatettte
gcttgcacctgtttggcaagatctacgaccgegcettccaagtacttcaa
gaccaagaagatgcgcatggcattcacgtttcagaccatgtatatgggce
atgtcgccctacgatgecgectgcectgtctacagectgttgecagtacaccg
agttcgctgaaggcatctggtatcceccecegtggeggcttcaacatggtggt
tcagaagctagaggcgattgcaaagcaaaagtacgatgcegagtttate

tacaatgcgcecctgttgccaagattaacaccgatgatgccaccaaacaag
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-continued

tgacaggtgtaaccttggaaaatggccacatcatcgatgecgatgeggt
tgtgtgtaacgcagatctggtctatgecttatcacaatctgttgectece
tgccgatggacgcaaaacacactggcttceccaagaaattgacgtettett
ccatttccttctactggtccatgtccaccaaggtgectcaattggacgt
gcacaacatctttttggccgaggcttatcaggagagctttgacgaaatce
ttcaaggactttggcctgecttectgaagectecttetacgtcaatgtyge
cctetegecatcecgatecttetgetgeteccgacggcaaggactetgteat
tgtcttggtgcectattggtcatatgaagagcaagacgggcgatgettece
accgagaactacccecggceccatggtggacaaggcacgcaagatggtgetygg
ctgtgattgagcgtegtcectgggcatgtegaatttecgecgacttgattyga
gcatgagcaagtcaatgatcceccecgetgtatggcagagcaagttcaatetyg
tggagaggctcaattcectgggtttgtctcatgatgtgettcaggtgetgt
ggttccgtceccagcacaaaggattcectacecggtegttatgataacctatt
ctttgtgggtgcaagcacgcatccecggaactggtgtteccattgtectt
gcaggaagcaagctcacctctgaccaagttgtcaagagectttggaaaga
cgcccaagccaagaaagatcgagatggagaacacgcaagcacctttgga
ggagcctgatgctgaatcgacatteccectgtgtggttcectggttgegeget
gcecttttgggtcatgtttatgttettttacttcecttecctcaatccaaty
gccaaacgcccgcatcettttatcaataatttgttacctgaagtattecy

cgttcataactctaatgtcatttaa

529 by fragment within SEQ ID NO:4.
SEQ ID NO:5: primer MO4641:

caatctgttgcctcecectygce

SEQ ID NO:6: primer MO4642:

atcctttgtgctgggacygg

lipolytica strain.
SEQ ID NO:7: crtZ-Dc gene

atgcttgcgttgtggaataccgggatcgtgctactgactatcatcatca

tggaaggggtggcaacgttcgcacacaagtacatcatgcacggetggygyg
atggggctggcatcattcgcaccataccecceccgegcaaaggggegtttgag
cgtaacgatctctatgecggtggtgtttgegcetactggcecattgegetga
tttacgcgggcagcgaagggtactggeccgettcagtggattggegegygyg
aatgaccggctacggcgtgatctactttatcgttcacgatggtcecttgte
caccagcgctggcececgttecgttacgtgecgegecgeggcectatetgegece
gcctctacatggcacaccggcetgcecatcacgeggtgegggggegegaagyg

gtgcgtctecttegggtttatctacgecccaccggtggacaagcectgecag

gcggtgctgegecgaacgtaacggcagacccecgecagegegggegcetgeca

SEQ ID NOs:5 and 6 are the 5" and 3' PCR primers for a

SEQ ID NO:7 1s the DNA sequence of the heterologous
crtZ-Dc open reading frame harbored by a Yarrowia
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-continued
gaggtgcggatcgocgeggeggccagetoegecttecgggaagecategec

tgcttegegecggaaataa

SEQ ID NO:8 1s the DNA sequence encoding Phol
nuclease from Pyrococcus horvikoshii O13, as optimized for
expression 1n Yarrowia lipolytica, and includes restriction

sites for cloning and a 5' ribosomal binding site.
SEQ ID NO:8:

tgctagccacaaaaatggagatgtacaaggttggtcgatacctegttga
ttceccteccagatttactteccecgettetettgagatccaggaggagett
attaacaacggcttctacgttcecccececgatectectgatcgaaaggtttcta
tgcccattceccattgtttactecgattttggtggtecgagttatttcetat
tgagcgactcattcectececgagtggettgagatttetecegagecagete
ggttgggaggagacttaccttgagaacaagcgaggtttcaagctceccecta
aggaggaggtttacgttgatgtttctatttctaacgattecattatttt
cgagcttgacgttaagaactaccaccttgagecgaacctceccattegagge
atcaaccctgagaagtggaagaactgggttatgttttacattgatctca
agtacgttgatgagttcattaacgctcttcgagagcacatcectgettt
cgagaacaagacccgagttattcgagagaagcagcagggtggcaaggag
gttacttactacgctaaggttaacgtcaagaacttctcectetttgtetceg
gttgtttcgatctogcectcagegataccttcagatcaaggctaaggagcea
ctgtaacatttaccctggttcectceccacctgtaacgattcectetetcectaag
ctcaagctccgacttgagtacgatcecectcecattaccacctttgetaagg
ttggtattgccaagatttctggtaagcgaccccagatcatggttaaget
cacctctaccgagactaagaccattcgaggtattctcaagectgagatt
aagggtaaggcccgaggtaagetegtttactgtgatcaccgagagaage
gacagtacattgctcttgacctcettecgatttttacaaggecctegttte

tactaagaagtacgagggtaagctccecctaccgatgattaaacgegt

SEQ ID NO:9 1s the non-optimized DNA sequence encod-

ing Phol nuclease, from Pyrococcus horvikoshii OT3.
SEQ ID NO:9:

atggaaatgtataaggttggaagataccttgttgattcceccttcaaatata
ttttcceccgcecttcactagagatccaggaggagettataaataatggettcet
acgtacccaggagcccagatagaaaagtaagcatgccaattccaatagta
tactccgattttggagggagggttatatctattgagaggttaatacctcc
ggagtggcttgaaatctecgceccagagcaattaggttgggaagaaacttatt
tagagaacaaacgtggttttaaactacctaaagaagaggtctacgtggat
gttagtataagcaacgattccataatattcgagctagacgtgaaaaatta
tcaccttgaaaggacatccattagaggcatcaatcectgaaaaatggaaga
attgggtgatgttttatattgatttgaagtacgtagatgagttcattaac
gctttaagggaacatatcccagetttecgaaaataaaacaagggttatteg

tgaaaagcagcaagggggcaaggaagttacatattatgctaaagttaacy
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_continued SEQ ID NO:12 and 13 are the 5" and 3' PCR primers used
tcaagaatttcagcttatgcttaggatgcettegatctegetcaaaggtat to amplify tagl using pMB6736 as template for expression

in Corynebacterium glutamicum. Primers include restriction
sites for cloning.

Cttcaaatcaaagctaaagagcactgtaacatatatccaggctcaccaac

atgtaacgattctctaagcaaattaaaattaaggcttgaatacgatccat SEQ ID NO:12: primer MO9315:

ccattactacctttgctaaagttggaatagccaagatctcaggcaagaga

CACACACCATGGCTTCCACTCAGGCTCAG
ccccagatcatggttaaattaacctctacggaaactaaaactataagggyg

SEQ ID NO:13: primer MO9316:

10
aatacttaagccagaaataaaaggtaaggcgcgtggtaaacttgtatatt
gcgatcacagagaaaagagacagtatatagctttggacttgtttgatttt CACACAGGTACCTTAGGGGGCGGTGAGGGCCTCC
tacaaggccttggtaagcactaagaagtatgaaggtaagctaccgactga _ _ _

15 BRIEF DESCRIPTION OF THE DRAWINGS

tgattaa

FIG. 1 shows the time course of DNA degradation activity
SEQ ID NO:10 1s the amino acid sequence of Phol in Y. lipolytica strains with or without the tagl nuclease gene.
nuclease, as deduced from SEQ ID NO:8. FIG. 2 shows DNA degradation activity at different tem-
SEQ ID NO:10: 20 peratures in Y. lipolytica strains with or without the taql

nuclease gene.
FIG. 3 shows the completeness of DNA degradation

MEMYKVGRYLVDSLQIYFPASLEIQEELINNGFYVPRSPDRKVSMPIPIV hased on PCR result

YSDFGGRVISIERLIPPEWLEISPEQLGWEETYLENKRGFKLPKEEVYVD 55 FIG. 4 shows the production of astaxanthin and its pre-
cursors 1 Y. lipolytica strains with and without the taqgl

VSISNDSIIFELDVKNYHLERTSIRGINPEKWKNWVMFYIDLKYVDEFIN nuclease gene.

FIG. 5 shows the production of zeaxanthin and 1ts pre-

cursors 1n a Y. lipolytica strain which has the tagl nuclease

LOIKAKEHCNIYPGSPTCNDSLSKLKLRLEYDPSITTEFAKVGIAKISGKR 30 gene.

ALREHIPAFENKTRVIREKQOGGKEVTYYAKVNVKNEFSLCLGCEFDLAQRY

FIG. 6 shows the time course for degradation of DNA 1n

Y. lipolytica strains producing astaxathin and zeaxanthin in
YKALVSTKKYEGKLPTDD fermentors.

POIMVKLTSTETKTIRGILKPEI KGKARGKLVYCDHREKRQYIALDLEDF

_ _ _ FIG. 7 shows the temperature range around the optimum
SEQ ID NO:11 1s the DNA sequence encoding Taql 35 temperature of the Taql and Phol nucleases, respectively, in

nuclease tfrom Thermus aquaticus, as optimized for expres- Y. lipolytica.
sion 1n Escherichia coli, and includes restriction sites for FIG. 8 shows the nuclease activity of Taql nuclease in E.
cloning. coli expressing Tagl nuclease gene.

SEQ ID NO:11: FIG. 9 shows the nuclease activity of Taql nuclease 1n C.

40 glutamicum expressing Tagl nuclease gene.
FIG. 10 shows the temperature range around the optimum

CCATGGCATCAACCCAAGCACAARAAGCCCTGGAAACCTTCGAACGCTTC temperature of the Taql nuclease in C. glutamicum.
CTGGCGAGCCTGGACCTGGAATCATACCAACAGARATACCGTCCGATTAA DETAILED DESCRIPTION OF THE
AACCGTGGAACAGGATCTGCCGCGTGAACTGAACCCACTGCCGGACCTGT INVENTION
ATGAACATTACTGGAAAGCACTGGAAGATAATCCGTCCTTTCTGGGCTTC The present invention provides a method of degrading

nucleic acids i vivo and/or in situ using a heterologous
thermophilic nuclease. The method 1s mtended to degrade
ATTTATTCGCAAATATTTCTGGGGCTGCAGCTACGCGTTTGTTCGTCTGE 50 the deoxyrlbonuclelc acids of an organism, recombinant
DNA 1n particular, and thus inactivating the biological
activity of the deoxyribonucleic acids at any stage during the

CATTTCTGCTACCECTECAACCCCTCTTETCAACTECCCCTRRARAGCAGC production of the end product(s). According to the invention,
a heterologous thermophilic nuclease gene 1s introduced nto

ACCGGAACTGGATGCACAGGGCATTGACGCTCTGATCCACACCAGTGGCA 55 the organism in which nucleic acids are intended to be

degraded. The thermophilic nuclease 1s latent at the normal

growth temperature of the organism, but can be activated by

TCCGAAAATCGTTTTCTGCGCAAACAGCGTGGTACGGCTCTGATTGARAT raising the temperature, preferably to a range around the
optimum temperature of the thermophilic nuclease.

60  Inthe present invention, the thermophilic nuclease 1s used

GAAGAATTTTTCGATCACTGGTGGGAAAAACGTCTGCGCCCGCTGGACGA

GTCTGGAAGCGCGTCTGTATCGCACCGCCOGTCAGCATCTGGACGCAATTT

GCTCTACGGGTATCCAAATCAARAALAGARAACCTACCGTAGTGAAGCALARDL

CCCGTATACCCTGCAAACGCCOGLAAGAACTGGAAGAAARAAGCAAALACETG

CTCGCGTCAACGGCGAAACCTACCGTCTGTGEGCCGAAAGTGGCCCATCAC to 1nactivate the biological activity of the nucleic acids of the
host orgamism. The term “inactivate the biological activity of
CTGGATCGCCTGGARAAATGGT TTTGTGATTTTCCGTGAATCATACGT TAA nucleic acids” is considered to refer to the degradation of

nucleic acids by the present invention. When nucleic acid 1s
65 cleaved such that it can no longer accomplish the roles of
TTCGTTGGGACCGTGTCGCACAAGAAGCACTGACCGCTCCGTGAGGTACC replication, transcription or translation, 1t is considered to be

biologically 1nactivated. Preferably, the nucleic acid 1s

ATCGATCGAACTGTTCCTGCAGAARALAACGCCCCGACCCTGTCGGGCCTGA
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recombinant DNA. Preferably, the nucleic acid will be
cleaved 1nto units which are 500 base pairs or less.

In the present invention, the thermophilic nuclease 1s
produced by the host cell rather than being added exog-
enously, and thus degrades the nucleic acids of the host cell
in vivo and/or in situ. The term “in vivo” refers to the
degradation of nucleic acids inside the host cell by the
thermophilic nuclease produced by the cell, which may or
may not be viable at the time of degradation. The term “in
situ” refers to the degradation of nucleic acids by the
thermophilic nuclease produced by the host cell after the cell
wall of the host cell 1s broken (fully or partially). For
example, an 1 situ degradation can be performed at the end
of the fermentation process where cells are lysed to release
their contents. Degradation can be performed immediately
after the cells are lysed or after some additional processing
of the lysed broth has already occurred.

In connection with the present invention, the term
“nucleic acid” denotes single-stranded, double-stranded, or
partially-double stranded deoxyribonucleic acid (DNA) or
ribonucleic acid (RNA).

The term “gene”, as used herein, generally refers to a
nucleic acid encoding a polypeptide, optionally including
certain regulatory elements that may atfect expression of one
or more gene products (1.e., RNA or protein). For example,
a thermophilic nuclease gene according to the invention
refers to the open reading frame (ORF) encoding a poly-
peptide of the thermophilic nuclease, and also to nucleic acid
sequences which encode the ORF of the thermophilic nucle-
ase together with certain promoters which are placed
upstream of the ORF to aflect the expression of the nuclease
gene, and/or a region for termination of transcription, and/or
other regulatory elements.

The term “heterologous™, as used herein, refers to a gene
or a polypeptide that does not naturally occur 1n the organ-
ism 1n which i1t 1s being expressed. It 1s understood that,
where a heterologous polypeptide 1s to be expressed 1n a host
cell, it will often be desirable to utilize nucleic acid
sequences encoding the polypeptide that have been adjusted
to accommodate codon preferences of the host cell and/or to
link the encoding sequences with regulatory elements active
in the host cell. For example, when the host cell 1s a
Yarrowia stram (e.g., Yarrowia lipolytica), 1t will often be
desirable to alter the gene sequence encoding a given
polypeptide such that 1t conforms more closely with the
codon preferences of such a Yarrowia strain. In certain
embodiments, a gene sequence encoding a given polypep-
tide 1s altered to conform more closely with the codon
preference of a species related to the host cell. Such embodi-
ments are advantageous when the gene sequence encoding a
given polypeptide 1s diflicult to optimize to conform to the
codon preference of the host cell due to experimental (e.g.,
cloning) and/or other reasons. In certain embodiments, the
gene sequence encoding a given polypeptide 1s optimized
even when such a gene sequence 1s derived from the host
cell itself (and thus 1s not heterologous). For example, a gene
sequence encoding a polypeptide of interest may be codon
optimized for expression 1n a given host cell even though
such a gene sequence 1s 1solated from the host cell strain. In
such embodiments, the gene sequence may be further opti-
mized to account for codon preferences of the host cell.
Alternately, the (non-heterologous) gene sequence might not
be codon optimized but instead be linked to a regulatory
clement other than 1ts own (whether that regulatory element
comes from another gene 1n the host or from another
species). Those of ordinary skill 1n the art will be aware of
host cell codon preferences and will be able to employ the
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inventive methods and compositions disclosed herein to
optimize expression of a given polypeptide in the host cell.

As used herein, a “host cell” means any cell type that 1s
amenable to introduction of a nucleic acid construct or
expression vector. The means of introduction of the nucleic
acid construct or expression vector can be in the form of
transformation, transfection, transduction, and the like. The
term “host cell” encompasses any progeny of a parent cell
that 1s not 1dentical to the parent cell due to mutations that
occur during replication. In preferred embodiments, the host
cells produce one or more end products which are desired
biological compounds or fine chemicals. It 1s preferred that
the host cell 1s an industrial strain. The host cell can be a
genetically modified cell or a natural cell which was 1nitially
not genetically modified. A genetically modified host cell
refers to a host cell which has been modified, engineered, or
mampulated, often to overexpress certain biological com-
pounds or fine chemicals.

The host cell may be any cell useful 1n the recombinant
production of biological compounds and/or fine chemicals in
a prokaryote (bacteria or archaea) or a eukaryote.

The term “biological compounds™ 1s known 1n the art and
includes compounds which are found in nature 1 living
matter. Examples of biological compounds include, but are
not restricted to: proteins, polypeptides, amino acids, nucleic
acids, nucleotides, carbohydrates, and lipids.

The term “fine chemical” 1s known 1n the art and includes
compounds which are used 1n various branches of industry
such as, for example but not restricted to, the pharmaceutical
industry, the agriculture, cosmetics, food and feed industries.
These compounds include organic acids such as, for
example, tartaric acid, itaconic acid and diaminopimelic
acid, lipids, saturated and unsaturated fatty acids (e.g.,
arachidonic acid), diols (e.g., propanediol and butanediol),
aromatic compounds (e.g., aromatic amines, vanillin and
indigo), carotenoids, vitamins and cofactors.

Higher animals have lost the ability to synthesize vita-
mins, carotenoids, cofactors and nutraceuticals and theretfore
need to take them 1n, although they are widely synthesized
by other organisms such as bacteria. These molecules are
either biologically active molecules per se or precursors of
biologically active substances which serve as electron car-
riers or mtermediates 1n a number of metabolic pathways.
These compounds have, besides their nutritional value, also
a significant industrial value as coloring agents, antioxidants
and catalysts or other processing aids. The term “vitamin™ 1s
known 1n the art and includes nutrients which are required
by an organism for normal functioning, but cannot be
synthesized by this organism itself. The group of vitamins
may include cofactors and nutraceutical compounds. The
term “‘cofactor” mncludes non-protein compounds which are
necessary for the occurrence of normal enzymatic activity.
These compounds may be organic or 1norganic; the cofactor
molecules of the invention are preferably organic. The term
“nutraceutical” 1includes food additives which promote
health 1n organisms and animals, especially in humans.
Examples of such molecules are vitamins, antioxidants and
likewise certain lipids (e.g., polyunsaturated fatty acids).

Preferred fine chemicals or biosynthetic products which
can be produced in organisms of the genus Yarrowia are:
carotenoids such as, for example, phytoene, lycopene, beta-
carotene, alpha-carotene, beta-cryptoxanthin, lutein, zeax-
anthin, astaxanthin, canthaxanthin, echinenone, 3-hy-
droxyechinenone,  3'-hydroxyechinenone, adonirubin,
violaxanthin, adonixanthin, and/or modified forms thereotf
(including, but not limited to 1somerization, esterification,
glycosylation, and breakdown products of these com-
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pounds); quinone derived compounds such as, for example,
ubiquinone (including, but not limited to, coenzymes Q10
and Q5 to Q9 quinone compounds), vitamin K compound,
and vitamin E compound; and retinolic compounds such as,
for example, retinol, retinal, retinoic acid, and retinol palmi-
tate.

The prokaryotic host cell may be any gram-positive or
gram-negative bacterrum. Gram-positive bacteria include,
but are not limited to, Bacillus, Brevibacillus, Clostridium,
Corynebacterium, Geobacillus, Lactobacillus, Lactococcus,
Paenibacillus, and Streptomyces. Gram-negative bacteria
include, but are not limited to Escherichia coli, Pseudomo-
nas and Paracoccus.

The bacterial host cell may be any Bacillales cell includ-
ing, but not lmited to, Bacillus amvioliguefaciens, Brevi-
bacillus brevis, Bacillus circulans, Bacillus clausii, Bacillus
coagulans, Bacillus lentus, Bacillus licheniformis, Geoba-
cillus steavothermophilus, Bacillus subtilis, and Bacillus
thuringiensis cells.

The bacterial host cell may also be any Streptomyces cell
including, but not limited to, Streptomyces achromogenes,
Streptomyces avermitilis, Streptomyces coelicolor, Strepto-
myces griseus, and Streptomyces lividans cells.

The bacterial host cell may also be any Paracoccus cell
including, but not limited to Paracoccus denitrificans, Para-
coccus versutus, Paracoccus carotinifaciens, Paracoccus
marcusii, and Paracoccus zeaxanthinifaciens cells.

The host cell may also be a eukaryote, such as a mam-
malian, insect, plant, algal, or fungal cell.

The algal host cell may be a Crypthecodinium, Schizochy-
trium, and Thraustochytrium cell such as a Crypthecodinium
cohnii, Schizochytrium sp. or Thraustochytrium sp. cell.

The host cell may be a fungal cell. “Fung1” as used herein
include the phyla Ascomycota, Basidiomycota, Chytridio-
mycota, and Zygomycota (as defined by Hawksworth et al.,
In, Ainsworth and Bisby’s Dictionary of The Fungi, 8th
edition, 1995, CAB International, University Press, Cam-
bridge, UK) as well as the Oomycota (as cited in Hawks-
worth et al., 1993, supra, page 171) and all mitosporic fungi
(Hawksworth et al., 1993, supra).

The fungal host cell may be a filamentous fungal cell.
“Filamentous fungi1” include all filamentous forms of the
subdivision Eumycota and Oomycota (as defined by Hawk-
sworth et al., 1995, supra). The filamentous fungi are gen-
crally characterized by a mycelial wall composed of chitin,
cellulose, glucan, chitosan, mannan, and other complex
polysaccharides. Vegetative growth 1s by hyphal elongation
and carbon catabolism 1s obligately aerobic. In contrast,
vegetative growth by yeasts such as Saccharomyces cervevi-
siae 1s by budding of a unicellular thallus and carbon
catabolism may be fermentative.

The filamentous fungal host cell may be an Acremonium,
Aspergillus, Aureobasidium, Bjevkandera, Ceriporiopsis,
Chrysosporium, Coprinus, Coriolus, Cryptococcus, Filiba-
sidium, Fusarium, Humicola, Magnaporthe, Mucor, Myce-
liophthora, Neocallimastix, Neurospora, Paecilomyces,
Penicillium, Phanervochaete, Phlebia, Piromyces, Pleurotus,
Schizophyllum, Talavomyces, Thermoascus, Thielavia, Toly-
pocladium, Trametes, or Trichoderma cell.

For example, the filamentous fungal host cell may be an
Aspergillus awamori, Aspergillus foetidus, Aspergillus
fumigatus, Aspergillus japonicus, Aspergillus nidulans,
Aspergillus niger, Aspergillus ovyzae, Bjerkandera adusta,
Ceriporiopsis aneirina, Ceriporiopsis caregiea, Ceriporiop-
sis gilvescens, Ceriporiopsis pannocinta, Ceriporiopsis
rivulosa, Ceriporiopsis subrufa, Ceriporiopsis subver-
mispora, Chrysosporium inops, Chrysosporium kervatino-

10

15

20

25

30

35

40

45

50

55

60

65

14

philum, Chrysosporium lucknowense, Chrysosporium mer-
darium,  Chrysosporium  pannicola,  Chrysosporium
queenslandicum, Chrysosporium tropicum, Chrysosporium
zonatum, Coprinus cinereus, Coriolus hivsutus, Fusarium
bactridioides, Fusarium cerealis, Fusarium crookwellense,
Fusarvium culmorum, Fusarium graminearum, Fusarium
graminum, Fusarvium hetervosporum, Fusarium negundi,
Fusarvium oxysporum, Fusarium reticulatum, Fusarium
roseum, Fusarium sambucinum, Fusarvium sarcochroum,
Fusarium  sporotrichioides,  Fusarium  sulphuveum,
Fusarium torulosum, Fusarium trichothecioides, Fusarium
venenatum, Humicola insolens, Humicola Ilanuginosa,
Mucor miehei, Myceliophthora thermophila, Neurospora
crassa, Penicillium purpurogenum, Phanervochaete chrys-
osporium, Phlebia radiata, Pleurotus eryngii, Thielavia
terrestris, Trametes villosa, Trametes versicolor,
Trichoderma harzianum, Trichoderma koningii,
Tvichoderma longibrachiatum, 1Trichoderma reesei, or
Ivichoderma viride cell.

The fungal host cell may also be a yeast cell. “Yeast™ as
used herein includes ascosporogenous yeast (Endomyc-
ctales), basidiosporogenous yeast, and yeast belonging to the
Fungi Impertecti (Blastomycetes). Since the classification of
yeast may change in the future, for the purposes of this
invention, yeasts shall be defined as described in Biology
and Activities of Yeast (Skinner, F. A., Passmore, S. M., and

Davenport, R. R., eds, Soc. App. Bacteriol. Symposium
Series No. 9, 1980).

The vyeast host cell may be a Candida, Hansenula,
Kluyveromyces, Pichia, Saccharomyces, Schizosaccharvomy-
ces, or Yarrowia cell such as a Kluyveromyces lactis, Sac-
charomyces carlsbergensis, Sacchavomyces cerevisiae, Sac-
charomyces  diastaticus,  Saccharvomyces  douglasii,
Saccharomyces Kuyveri, Sacchavomyces norbensis, Saccha-
romyces oviformis, Schizosaccharvomyces pombe or Yar-
rowia lipolytica cell.

Fungal cells may be transformed by a process imvolving
protoplast formation, transformation of the protoplasts, and
regeneration of the cell wall 1n a manner known to those of
ordinary skill 1n the art. Suitable procedures for transforma-

tion of Aspergillus and Trichoderma host cells are described
in EP 238023 and Yelton et al., 1984, Proc. Natl. Acad. Sci.

USA 81: 1470-1474. Suitable methods for transforming
Fusarium species are described by Malardier et al., 1989,
(ene 78: 147-136, and WO 96/0078’7. Yeast may be trans-
formed using the procedures described by Becker and Guar-
ente, In Abelson, J. N. and Simon, M. 1., editors, Guide to
Yeast Genetics and Molecular Biology, Methods in Enzy-
mology, Volume 194, pp 182-187, Academic Press, Inc.,

New York: Ito et al., 1983, J. Bacteriol. 153: 163-168; and
Hinnen et al., 1978, Proc. Natl. Acad. Sci. USA '75: 1929-
1933,

For constructing a host cell strain with a heterologous
thermophilic nuclease gene, the recombinant thermophilic
nuclease gene construct 1s inserted into a host specific vector
which allows optimal gene expression 1n the host. Vectors
are well known 1n “Cloning Vectors” (Pouwels et al., Eds.,
Elsevier, Amsterdam-New York-Ox{ford, 1985). Vectors are
to be understood as meaning not only plasmids, but all other
vectors known to the skilled worker such as, for example,
phages, viruses, such as SV40, CMYV, baculovirus and
adenovirus, transposons, IS elements, plasmids, cosmids,
and linear or circular DNA. These vectors can be replicated
autonomously 1n the host organism or chromosomally.

The vectors according to the mnvention allow the genera-
tion of recombinant organisms which are transformed, for
example, with at least one vector according to the mnvention
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and which can be employed for producing the thermophilic
nuclease. The above-described recombinant constructs
according to the invention are advantageously introduced
into the genome of the host organism and expressed. It 1s
preferred to use usual cloning and transfection methods
known to the skilled worker 1n order to bring about expres-
sion of the thermophilic nucleic acids 1n the expression
system 1n question. Suitable systems are described, for
example, 1 Current Protocols in Molecular Biology, F.
Ausubel et al., Eds., Wiley Interscience, New York 1997.

In some embodiments, the modified host cell contains a
plasmid carrying the heterologous thermophilic nuclease
gene and the plasmid replicates autonomously 1n the host
organism.

DNA 1s considered to be “recombinant” 11 it results from
the application of Recombinant DNA Techniques. Examples
of recombinant techniques include but are not limited to
cloning, mutagenesis, transformation, etc. Recombinant
DNA Techniques are disclosed, for example, 1n Sambrook,
et al.,, Molecular Cloning: A Laboratory Manual, Cold
Spring Harbor, N.Y. (1989) and in Ausubel F M, et al.,
Current Protocols in Molecular Biology, Wiley, New York
(1998).

The term “nuclease” denotes an enzyme that eflects
hydrolytic cleavage of the ester bond between the 5'-phos-
phate group of a nucleotide and the 3'-hydroxy group of the
adjacent nucleotide 1n a nucleic acid and therefore accom-
plishes the degradation of a DNA or RNA molecule. Nucle-
ases are known from numerous organisms. Nucleases cleave
either RNA or DNA to smaller units or even to their
monomers.

In a preferred embodiment, the thermophilic nuclease
according to the present invention 1s a DNA-degrading
nuclease, and the nucleic acid which the thermophilic nucle-
ase degrades 1s either double-stranded or single-stranded
DNA. In a specific embodiment, the DNA being degraded 1s
a recombinant DNA.

Although the preferred embodiment of the present inven-
tion relates to inactivation of DNA, inactivation of any
nucleic acid molecule can be achieved. This includes 1nac-
tivation of RNA, DNA-RNA hybrids, or nucleic acid-protein
conjugates.

“DNA-degrading nuclease” means a nuclease which 1s
able to cleave DNA molecules 1into smaller units or mono-
mers. Such enzyme 1s also termed “DNase” 1n the state of
art. “RNA-degrading nuclease” 1s a nuclease that 1s able to
cleave RNA molecules into smaller units or monomers.
Such enzymes are also termed “RNase” in the state of art.

The DNA or RNA nuclease can be an endonuclease or an
exonuclease. An endonuclease 1s an enzyme that degrades a
nucleic acid chain from a position inside the chain. Con-
versely, an exonuclease 1s an enzyme that degrades a nucleic
acid chain from one or both ends of the chain. It 1s preferred
for the nuclease to be an endonuclease.

“Thermophilic nuclease” means a nuclease which has its
optimal activity at a temperature of 45° C. or higher. Said
optimal activity 1s observed at a temperature that 1s optimal
for the activity of the nuclease. The optimal temperature
may be determined for the nuclease 1n an in vitro assay, or
in an 1n vivo assay where the nuclease 1s expressed in the
recombinant host according to the present invention, using,
a suitable substrate and under assay conditions (in terms of
medium composition, assay time, etc.) that are relevant for
the intended application, as determined by a person skilled
in the art. As an example, the temperature optimum of a
nuclease such as Tagl 1s typically determined 1n vitro using,
the purified Tagl nuclease. A fixed quantity of enzyme can
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be incubated with one microgram of lambda DNA 1n a fifty
microliter reaction held at a range of temperatures (typically
from 25 to 85° C.) for one hour. The optimum temperature
1s the one at which the most digestion 1s observed (for
example, as assayed by gel electrophoresis of the resulting
lambda DNA Taqgl restriction fragments). Alternately, one
unit of enzyme 1s defined as the amount of protein required
to fully digest one microgram of lambda DNA 1n a fifty
microliter reaction 1n one hour at the optimum temperature.
Therefore, the optimum temperature 1s the temperature at
which the quantity of protein required to achieve full diges-
tion 1s the lowest. To define the optimum temperature within
the cell, a defined ratio of enzyme to DNA substrate (as used
in 1n vitro assays) cannot be guaranteed. Instead, a more
pragmatic approach 1s taken. Given that the optimum tem-
perature 1 vivo 1s likely to be similar to 1n vitro, the 1n vitro
defined optimum can be used as a guide. Nuclease acid
digestion by the nuclease 1s examined at and around the 1n
vitro optimal temperature. The optimal temperature 1s the
one at which the most digestion 1s observed. For some
nucleases, the 1 vivo optimal temperature 1s a range of
temperatures rather than a single point, as complete diges-
tion of genomic DNA can be observed throughout the
temperature range.

The thermophilic nucleases disclosed 1n the present appli-
cation include both native thermophilic nucleases and any
homologue or variant thereof which has thermophilic nucle-
ase activity. Means to obtain thermophilic nucleases used 1n
the present invention include but are not limited to: 1solation
from thermophiles, modification of a homologous nuclease
to acquire thermophilic activity and/or increase thermotol-
erance by rational enzyme engineering and/or directed evo-
lution. Unlike the majority of cells, thermophiles are heat-
loving organisms with an optimum growth temperature of
50° C. or higher. In contrast, most cells grow at a lower
temperature and cannot survive at the high temperature
preferred by thermophiles. For example, common microor-
ganisms grow at a temperature between 25 and 40° C.,
mammalian cell cultures grow at around 37° C., and plant
and 1nsect cultures grow at their respective low temperatures
which are known 1n the art. Thermophilic nucleases lose
activity outside their optimum temperature range and have
lower activity at the temperature at which common micro-
organisms and cell cultures grow. The levels of nuclease
activity of each thermophilic nuclease at a low temperature
are different and thus have to be determined individually. In
the present mvention, a thermophilic nuclease 1s considered
latent at a low temperature 11 the nuclease activity 1s reduced
to less than 20% of the peak activity at the optimum reaction
temperature of the nuclease.

The method of the mnvention 1s amenable to a wide range
of thermophilic nucleases. Any nuclease which 1s latent at
the normal growth temperature of the host microorganisms
or eukaryotic cell cultures but 1s (highly) active at i1ts own
optimum reaction temperature 1s suitable for use i1n the
present 1vention.

Some thermophilic nucleases are less suited for the pres-
ent 1nvention than others. For example, some thermophilic
nucleases have low-level nuclease activities at low tempera-
tures between 25 and 37° C. Such residual activities at the
growth temperature of the host cell may constrain the
growth of the host cells and thus hinder the production of
their end product. Some thermophilic nucleases may not
have strong nuclease activity at their optimum temperature
and thus are ineflicient 1n degradation of nucleic acids. Thus,
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a screening process may be performed to select those
thermophilic nucleases which work best in the present
invention.

The best thermophilic nuclease candidates are those
whose nuclease activities are low enough at the normal
growth temperature so as not to impose any significant stress
on the host organmism, and are high enough at the optimum
reaction temperature to perform ethcient degradation of the
nucleic acids of the host.

Owing to the property of displaying nucleic acid degra-
dation activity at a temperature that 1s outside the tempera-
ture range 1 which a normal host organism grows, the
thermophilic nuclease according to the invention can be
used advantageously 1n degrading nucleic acids of the host
cell in a controlled manner. For example, in one embodi-
ment, the present immvention discloses that a heterologous
thermophilic nuclease gene 1s introduced 1nto a host cell and
thus 1s used to degrade the nucleic acids of a host cell.
According to the invention, the thermophilic nuclease gene
1s mtroduced mto a host cell whose nucleic acids are to be
degraded. The host cell 1s grown at its optimum growth
temperature at which the heterologous thermophilic nucle-
ase 1s latent. After the host cell 1s grown for a period of time
to a certain stage, such as at the harvest time of the cell, the
activity of the thermophilic nuclease 1n the host call can be
activated by switching the temperature to one which 1s
optimal for the nuclease activity. By activating the thermo-
philic nuclease, the DNA and/or RNA of the host cell are
degraded by the nuclease, thus eliminating activities of the
DNA and/or RNA of the host cell.

According to the present invention, any homologues or
variants ol a native thermophilic nuclease may be used in
exchange for the native thermophilic nuclease as long as the
homologue or variant has thermophilic nuclease activity.

In another embodiment, mstead of using a heterologous
thermophilic nuclease gene, the method according to the
present mnvention could use a homologue or variant of a host
cell nuclease which has been made thermophilic using
methods such as rational enzyme engineering and/or
directed evolution.

In one embodiment, one thermophilic nuclease 1s 1ntro-
duced 1nto a host cell and thus 1s used to degrade the nucleic
acids of the host cell. In another embodiment, two or more
thermophilic nucleases are introduced into a host cell. The
introduction of additional thermophilic nucleases may, for
example, enhance the efliciency of the degradation of the
nucleic acid.

In another embodiment, the sequence of the recombinant
DNA to be degraded 1s optimized to include additional
cleavage sites of the thermophilic nuclease. The addition of
the cleavage sites helps to ensure the complete degradation
of the recombinant DNA. The recombinant DNA to be
degraded can include the nuclease gene 1tself. In a specific
embodiment, the sequence of the recombinant DNA 1is
engineered to include one cleavage site every 500 or fewer
nucleotides. The cleavage site may be designed to be rec-
ognmized by a single nuclease or multiple nucleases. In
another specific embodiment, the sequence of the recombi-
nant DNA 1s engineered to include cleavage sites i a
manner 1n which the amino acid sequence of the resulting
protein 1s not altered.

The above method of nucleic acid degradation can be
carried out at any scale ranging from lab bench to commer-
cial scale fermentation. As described i1n the background
section of this application, DNA of the host cell, especially
recombinant DNA, 1s preferred to be degraded prior to
product recovery (for example, at the end of the fermenta-
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tion process). The present mvention provides a process for
degrading the recombinant DNA 1n the biomass and thus
inactivating any recombinant DNA. The biomass can be, for
example, cells harvested from cultivation of microorganism
or higher eukaryotic cell culture.

In a specific embodiment, the invention provides a fer-
mentation process by which the recombinant DNA 1n the
biomass 1s 1nactivated. The methodological steps for such
process are exemplified as follows: First, the gene encoding
the thermophilic nuclease according to the invention 1s
introduced into the host cell. Integration of a nucleic acid
construct containing the gene of a thermophilic nuclease into
the host cell can take place intrachromosomally or extrach-
romosomally. Second, the host cell 1s grown 1n a fermentor
at a temperature which 1s optimal for the growth of the host
cell and/or the production process. Third, at the end of the
fermentation process, the temperature of the fermentor 1s
raised to the optimum temperature of the thermophilic
nuclease and thus activates the nuclease. The higher tem-
perature 1s maintained for a period of time to allow suflicient
degradation of the DNA (recombinant or not) in the host
cell. Subsequently, the biomass is collected and optionally 1s
further processed to purily the end product (if not the
biomass 1tself).

In another embodiment, 1nstead of degrading DNA 1n the
biomass, the method disclosed in the present invention can
also be used for degrading DNA i partially purified prod-
ucts. For example, in the fermentation process described
above, instead of activating the thermophilic nuclease belore
collection of biomass, the activation of the nuclease can be
withheld until after the biomass 1s collected and turther
processed to obtain partially purnified end products. The
thermophilic nuclease 1s then activated to degrade the DNA
contained 1n the partially purified end products, which can
then be further purified, if desired. In the 1mitial (partial)
purification process, 1t 1s essential to maintain the activities
of the nuclease. In fact, as long as the activity of the
thermophilic nuclease 1s preserved during the post biomass
collection process, the degradation of DNA of the host cell
can be performed at any stage after the biomass 1s collected.

The process according to the invention can be used 1n
many other technical fields 1n addition to fermentation. For
example, the process according to the invention can be used
for mactivating the DNA of the host cell during vaccine
production.

Cell culture-based methods of producing vaccine contain-
ing virus or viral antigens are increasingly used 1in commer-
cial production of viral vaccines. However, it 1s known in the
art that one of the risks associated with using cell culture for
vaccine production 1s the exposure of vaccine recipients to
contaminating residual cellular DNA of the host cell. There
1s a concern that any host cell DNA be removed from the
final formulation of a vaccine manufactured in the host cell
system, thus eliminating any potential oncogene from the
final product. The process according to the invention can be
carried out to degrade the host cell nucleic acid associated
with a virus or a viral antigen thereol produced by cell
culture. The process comprises the steps of: (a) introducing
the gene of a thermophilic DNA nuclease mnto a host cell
culture and thus creating a new host strain; (b) 1mnoculating
the population of the new host strain with a virus; (c)
culturing the population of host cells so as to allow the virus
to replicate, wherein the culturing 1s conducted at a tem-
perature at which the thermophilic nuclease 1s latent; (d)
degrading the DNA of the host cells by changing the
temperature 1 step (¢) to a temperature at which the
thermophilic DNA nuclease 1s active; (e) collecting the
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produced virus thereby providing a viral harvest, and (1)
1solating the virus. The order of steps (d) through (1) can be
exchangeable. The virus can be, for example, influenza
virus. However, any virus or viral antigen can be produced
according to the mvention.

The process according to the mvention can also be used
for 1nactivating the nucleic acid of a genetically modified
crop. For example, a thermophilic nuclease according to the
invention can be mtroduced into a genetically modified crop.
The crop 1s grown 1in the field at temperatures which
normally do not exceed 50° C. After the crop 1s harvested,
it can be, for example, processed at the optimal temperature
of the above thermophilic nuclease 1n order to degrade the
crop nucleic acid.

The process according to the mvention can also be used
for reducing viscosity in a cell lysate. It 1s known 1n the art
that when cells are lysed, DNA 1s released from the cell and
thus causes the cell lysate to become viscous. This hinders
the further processing of cell lysate. The thermophilic DNA
degrading nuclease works by cleaving DNA into small
oligonucleotide fragments and thus removing the viscosity
caused by the DNA content 1n a controlled manner.

The thermophilic nuclease that 1s used according to the
invention can be, for example, Tagl endonuclease from
Thermus aquaticus. Tagl has an optimum temperature of 65°
C. Other thermophilic nucleases can be tested for their
suitability of being used 1n the present invention. Examples
ol additional thermophilic nucleases include: Tsp5091 which
has an optimum temperature of 65° C., Mwol which has an
optimum temperature of 60° C., Phol which has an optimum
temperature of 75° C., Bsall which has an optimum tem-
perature of 60° C., and BspQI which has an optimum
temperature of 50° C.

Basically, any existing thermophilic nuclease known in
the state of art or any thermophilic nuclease yet to be
identified can be used according to the mvention, as long as
such thermophilic nuclease has high nucleic acid cleavage
activity at 1ts optimum reaction temperature but 1s latent at
the lower temperature at which the host microorganisms or
cell cultures normally grow.

Within the scope of the present invention 1t 1s preferred
that the temperature for degrading nucleic acid 1s the tem-
perature known to have the optimal activity of the specific
thermophilic nuclease. For example, one preferred tempera-
ture for degrading nucleic acids of the host cell using
thermophilic nuclease Tagl 1s 65° C. because Taqgl 1s known
to be most active at 65° C. However, the optimum tempera-
ture according to the present invention 1s not limited to a
single temperature point. According to the present invention,
it 1s also preferred that the temperature for degrading nucleic
acids 1s any temperature which 1s within a range of £5° C.
of the known optimum temperature of the thermophilic
nuclease. In the case of Tagl, for example, a preferred
temperature 1s any temperature which falls between 60° C.
and 70° C. In another example, Phol 1s known to be most
active at 75° C. A preferred temperature for Phol 1s any
temperature which falls between 70° C. and 80° C. It 1s
particularly preferred that a temperature which falls within
+1° C., £2° C., £3° C., or z4° C. of the known optimum
temperature of the thermophilic nuclease 1s the temperature
for activating the thermophilic nuclease. Thus, in one
embodiment, the temperature used for activating the ther-
mophilic nuclease activity 1s within +5° C. of the known
optimum temperature of the thermophilic nuclease.

It 1s clear to one skilled 1n the art that the temperature used
for activating the thermophilic nuclease activity 1s not only
limited to a temperature range that 1s within +5° C. of the
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known optimum temperature of a selected thermophilic
nuclease. As an alternative, the temperature used for acti-
vating the thermophilic nuclease activity can be any tem-
perature at which the host cell does not actively grow but the
thermophilic nuclease has active enzyme activity. For
example, the temperature used for activating Tagl can be at
75° C. where the host cell does not have active growth but
the thermophilic nuclease still has enzyme activity. In one
embodiment, the temperature used for activating the ther-
mophilic nuclease activity 1s a temperature or temperature
range at which the thermophilic nuclease has 20% or more
of 1ts optimal enzyme activity. In another embodiment, the
temperature used for activating the thermophilic nuclease
activity 1s a temperature or temperature range at which the
host cell grows at 20% or less of 1ts optimal growth rate or
has no growth and the thermophilic nuclease has 20% or
more of 1ts optimal enzyme activity. In another embodiment,
the temperature used for activating the thermophilic nucle-
ase activity 1s a temperature between 40° C. and 100° C.

To the extent where the degradation of nucleic acids can
be performed 1n a range of temperatures without jeopardiz-
ing its efliciency, a preferred temperature 1s any temperature
within the temperature range that strikes the optimum bal-
ance with other considerations, including but not limited to
end-product titer, end-product stability, end-product purity,
end-product yield, ease of handling of the material for
subsequent processing steps, etc.

Thus, 1t 1s within the scope of the present invention that
any temperature which permits eflicient degradation of the
nucleic acids may be chosen to activate the thermophilic
nuclease activity. Sometimes such temperature may not
provide the best thermophilic nuclease activity, but in com-
bination with some additional factors, 1t may provide best
overall etliciency. For example, heat pasteurization may be
used 1n place of the heat activation step of thermophilic
nuclease. By heating up the biomass gradually during pas-
teurization, both pasteurization of the host cell and activa-
tion of thermophilic nuclease activity in the cell can be
performed 1n one step, and thus result 1n cost savings. In
such case, the optimum temperature or temperature range 1s
crossed on the trajectory to the pasteurization temperature.

The nucleic acid degradation process according to the
present 1nvention can be carried out relatively quickly.
According to an embodiment of the invention, the process of
nucleic acid degradation 1s carried out at the optimum
temperature of the thermophilic nuclease for the duration of
less than 48 hours, less than 24 hours, less than 1 hour, less
than 40 minutes, less than 30 muinutes, or less than 20
minutes. The optimal time length can be determined experi-
mentally for each thermophilic nuclease and under specific
experimental conditions.

The present invention can be used in any host cell.
Examples of host cells include microorganisms and higher
cukaryotic cells such as agricultural crops or animal cells.
According to the mvention, the microorganisms can be for
example prokaryotic cells, such as bacteria or archaebacte-
ria, or eukaryotic cells, such as yeasts, lower or higher fungi,
algae, or protozoa. According to a preferred embodiment,
microorganisms are bacterial cells, fungal cells or yeast, or
microalgal cells.

In certain embodiments of the invention, the organism
whose nucleic acids can be degraded according to the
method of the present invention 1s a microorganism from a
genus such as, but not limited to, Yarrowia, Bacillus,
Corynebacterium, Eschervichia, Pseudomonas, Paracoccus,
Candida, Hansenula, Saccharomyces, Mortievella, Schi-
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zosacchavomyces, Aspergillus, Fusarium, Trichoderma,
Crypthecodinium, Schizochytrium, and Thraustochytrium.

In one embodiment of the invention, the host cell 1n
accordance with the present invention 1s Yarrowia lipolytica.
Advantages of Y. lipolytica include, for example, tractable
genetics and molecular biology, availability of genomic
sequence, suitability to various cost-eflective growth con-
ditions, ability to grow to high cell density, and history of
safe use. There 1s already extensive commercial experience
with Y. lipolytica.

Escherichia coli 1s useful because it 1s the most com-
monly used bacterial strain. It has been regularly used as a
carrier strain for recombinant DNA.

Saccharomyces cervevisiae 1s also a usetul host cell 1n
accordance with the present invention, particularly due to 1ts
experimental tractability and the extensive experience that
researchers have accumulated with this organism.

The host cell in accordance with the present ivention
also includes higher eukaryotic cells. The term “higher
cukaryotic cell” means a eukaryotic cell of a high state of
development, such as those which occur for example 1n
amimal or plant organisms. Higher eukaryotic cells do not
perform all vital biochemical and metabolic functions inde-
pendently and thus may be grown as cell culture. The higher
cukaryotic cell in accordance with the present invention
comprises, nter alia, all cells from a mammal, a plant, an
insect, or an avian. According to one embodiment of the
invention, the higher eukaryotic cell 1s from a mammal.
According to another embodiment of the invention, the
higher eukaryotic cell 1s from a plant. According to another
embodiment of the mvention, the higher eukaryotic cell 1s
from an insect.

According to one embodiment of the invention, the deg-
radation of the nucleic acids of the host cell 1s carried out
with no or minimal 1mpact to the other cellular components
of the host cell. In a preferred embodiment, the degradation
of the nucleic acids of the host cell 1s carried out with no or
mimmal 1mpact to the production of the biological com-
pounds and/or fine chemicals which the host cell 1s engi-
neered to produce. In one embodiment, the host cell 1s a
Yarrowia strain and the biological compounds which are
genetically engineered to produce include: phytoene, lyco-
pene, beta-carotene, alpha-carotene, beta-cryptoxanthin,
lutein, zeaxanthin, astaxanthin, canthaxanthin, echinenone,
3-hydroxyechinenone, 3'-hydroxyechinenone, adonirubin,
violaxanthin, adonixanthin, ubiquinone, vitamin K, vitamin
E, retinol, retinal, retinoic acid, retinol palmitate, and/or
modified forms thereof (including, but not limited to 1somer-
ization, esterification, glycosylation, and breakdown prod-
ucts of these compounds). In one embodiment, the Yarrowia
strain 1s a genetically modified Yarrowia strain. In a specific
embodiment, the genetically modified Yarrowia strain cell
introduced with a thermophilic nuclease gene 1s Yarrowia
lipolytica stram ML12924 and the biological compound
produced 1s astaxanthin. In another embodiment, the geneti-
cally modified Yarrowia strain cell imntroduced with a ther-
mophilic nuclease gene 1s Yarrowia [lipolytica strain
ML12921 and the biological compound produced 1s zeax-
anthin. In another embodiment, the genetically modified
Yarrowia strain cell introduced with a thermophilic nuclease
gene 1s Yarrowia lipolytica strain ML12805 and the biologi-
cal compound produced 1s lycopene.

In one embodiment of the mvention, codon optimization
1s performed in order to enhance the expression of the
heterologous nuclease gene in the host cell. It 1s known in
the art that the expression of non-native genes 1s hampered
by the existence of variation in their respective codon usage
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pattern compared to the host organism. To overcome these
problems, codon optimization according to the present
invention 1s performed on the thermophilic nuclease gene 1n
order to match the host codon usage before the gene 1is
introduced 1nto the host cell. This process encompasses the
replacement of rare codons within the DNA sequence of the
nuclease gene in order to closely match the host codon usage
bias while retaining 100% i1dentity or near 100% identity to
the original amino acid sequence. This process of codon
optimization also allows for the simultaneous modification
of predicted mRNA secondary structures that could result
from changes in the GC content.

In the thermophilic nuclease of the present invention, the
codon usage pattern 1s altered from that typical of the
thermophilic nuclease gene to modily the codons without
altering the encoded amino acid sequence. The nucleic acid
sequences for many thermophilic nuclease genes are known.
In cases where the sequence i1s not initially known, the
information can be derived by methods known to those of
ordinary skill in the art (including, but not limited to DNA
and RNA sequencing). In accordance with this ivention,
thermophilic nuclease gene segments were converted to
sequences having identical translated sequences but with
alternative codon usage.

In one embodiment of the invention, the codon usage
pattern of the native thermophilic nuclease Tagql (SEQ 1D
NO:2) 1s optimized to the codon bias of Y. lipolvtica. The
resulting codon modified Tagl gene 1s specified in SEQ 1D
NO:1. In another embodiment, the codon usage pattern of
the native thermophilic nuclease Tagl (SEQ ID NO:2) 1s
optimized to the codon bias of E. coli. The resulting codon
modified Tagl gene 1s specified in SEQ ID NO:11. The
amino acid sequence encoded by SEQ ID NO:1, SEQ ID
NO:2, and SEQ ID NO:11 1s specified 1n SEQ ID NO:3.

In one embodiment of the mvention, the codon usage
pattern of the native thermophilic nuclease Phol (SEQ ID
NO:9) 1s optimized to the codon bias of Y. prolytxca The

resulting codon modified phol gene i1s specified 1n SEQ 1D
NO:8. The amino acid sequence encoded by SEQ ID NO:8

and SEQ ID NO:9 1s specified in SEQ ID NO:10.

The codon modified tagl and phol genes illustrated 1n
SEQ ID NO:1 and SEQ ID NO:8 serve only as examples of
many possible codon modified taql and phol genes, or other
thermophilic nuclease genes. It 1s clear to a skilled person
that any suitable codon modification method could be used
to modily the thermophilic nuclease gene according to the
present invention, and the resulting sequence from using
different codon modification methods may vary. Having
now generally described this mnvention, 1t will become more
readily understood by referencing the following specific
examples which are included herein for purposes of 1llus-
tration only and are not intended to be limiting unless
otherwise specified.

The following examples 1llustrate the invention.

EXAMPLES

Table 1 below describes certain Yarrowia lipolytica
strains used 1n the following exemplification:

TABLE 1

Yarrowia lipolytica strains.

Strain
Number Genotype How Constructed
MLR195 MATA erg9-4789::ura3 Classical and standard

HMG-tr GGS carB
carRP(E78G) ural adel

molecular genetic techniques
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TABLE 1-continued

Yarrowia lipolviica strains.

Strain
Number Genotype How Constructed
ML 12805 MLR195 [pMB6722] Untargeted transformation
MIL11956 MATB erg9- Classical and standard
4789::URA3IHMG-tr GGS molecular genetic techniques
carB carRP crtW crtZ
(prototrophic)
ML12924 ML11956 [pMB6736] Untargeted transformation
ML11218%8 MATB erg9-4789::UURA3  Classical and standard
HMG-tr GGS carB carRP  molecular genetic techniques
critW crtZ-Xa crtZ-Dc
crtW-A6180
ML12921 ML11218 [pMB6736] Untargeted transformation
ML13270 ML11218 [pMB6868] Untargeted transformation
Yarrowia strains ML8195, ML12805, ML11956,

ML12924, ML11218, ML12921 and ML13270 were con-

structed by the introduction of heterologous genes under the
control of constitutive promoters (for example, TEFL),
coupled with several generations of crossbreeding, starting
with ML350 and ATCC201249 as described in U.S. Pat. No.
7,851,199 B2. The GGS gene and the truncated HMG gene
(“HMG-tr”) were denived {from Yarrowia Ilipolytica
sequences corresponding to native geranylgeranyl pyro-
phosphate synthase and hydroxymethylglutaryl-CoA reduc-
tase genes, respectively. The carRP and carB genes were
derived from Mucor circinelloides, and they encode a
bitunctional phytoene synthase/lycopene cyclase and a phy-
toene dehydrogenase, respectively. The crtW gene was syn-
thesized to encode the carotene ketolase of Parvularcula
bermudensis. The crtZ gene was amplified from Xantho-
bacter autotrophicus (Xa), or synthesized to encode the
carotene hydroxylase from FEnterobacteriaceae bacterium
DC404 (Dc) (SEQ ID NO:7). These genes are sometimes
but not always associated with auxotrophic markers (URA3,
LEU2, URA2, LYS1, ADEI) or a loxP site, remnant of a

Hyg® (hygromycin resistance) marker.

Example 1: Production of Plasmids for Yarrowia
Strain Construction

Plasmids were generated for expression of Tagl thermo-

philic nucleases 1n Yarrowia as described in Table 2. A codon
optimized tagl nuclease ORF sequence was synthesized de
novo based on the sequence of the tagl nuclease gene of
Thermus aquaticus (SEQ ID NO:2), using the Y. lipolytica
codon bias as specified in SEQ ID NO:1. This codon-
optimized tagl nuclease ORF was cleaved using Nhel and
Mlul and ligated to pMB5082 cut with Nhel and Mlul to
produce pMB6722. The resulting encoded Tagl protein of
pMB6722 1s specified in SEQ ID NO:3.
In a second plasmid, the same tagl nuclease gene
sequence was excised from plasmid pMB6722 and cloned
into a diflerent plasmid backbone, pMB6157, to produce a
new plasmid, pMB6736.

A plasmid was generated for expression of Phol thermo-
philic nuclease as described 1n Table 2. A codon optimized
phol nuclease ORF sequence was synthesized de novo based
on the sequence of the phol nuclease gene of Pyrococcus
horikoshii OT3 (SEQ ID NO:9), using the Y [lipolyvtica
codon bias as specified in SEQ ID NO:8. This codon-
optimized phol nuclease ORF was cleaved using Nhel and
Mlul and ligated to pMB6771 cut with Nhel and Mlul to
produce pMB6868. The resulting encoded Phol protein of
pMB6868 1s specified in SEQ ID NO:10.
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Plasmid constructions were performed based on basic
molecular biology and DNA manipulation procedures. All
basic molecular biology and DNA manipulation procedures
described 1n this and other examples are generally per-
formed according to Sambrook et al. or Ausubel et al.
(Sambrook I, Fritsch E F, Maniatis T (eds). 1989. Molecular
Cloning: A Laboratory Manual. Cold Spring Harbor Labo-
ratory Press: New York; Ausubel F M, Brent R, Kingston R
E, Moore D D, Seidman J G, Smith J A, Struhl K (eds).

1998. Current Protocols 1n Molecular Biology. Wiley: New
York).

TABLE 2
Plasmids
Plasmid Backbone Insert  Oligos or source
pMB6722 pMB3082 (URA3) taql Synthesized
Nhel-MIul
fragment
pMB6736 pMB6157 (HygR) taqgl Nhel-Mlul
fragment from
pMB6722
pMB686% pMB6771 (HygR) phol Synthesized
Nhel-MIul
fragment

Example 2: Demonstration of Nuclease Activity of
Y. lipolvtica Expressing Tagl Nuclease

In this example, the gene encoding Tagl nuclease was
introduced into a host strain of Y. lipolyvtica. The Taqgl
nuclease activity in the host strain was tested.

Plasmid pMB6722 was cleaved with Xbal and trans-
formed into host strain ML8195 (Table 1). Yarrowia strain
MIL8195 1s a strain which was previously genetically modi-
fied to produce lycopene. Transformants introduced with the
heterologous tagl nuclease gene were selected on YNB
glutamate plates supplemented with 0.12 mM adenine; one
such colony was selected and designated as Yarrowia strain
ML 12805. ML12805 was incubated for 3 days at 30° C. at
250 rpm 1 20 mL YPD medium i a 125 mL flask. The
cultures were split and 1.5 mL aliquots incubated at 65° C.
or 25° C. for 5 min to 24 hr.

DNA from strains ML8195 and ML128035 was extracted
and analyzed after incubation at 63° C. or 25° C. DNA was
extracted using a “Smash and Grab™ yeast genomic DNA
extraction protocol. Essentially, 1.5 mL of a 3-day culture
was pelleted, supernatant decanted and the cells resuspended
in 0.5 mL water. Cells were pelleted for 10 seconds and

supernatant decanted. The pellet was resuspended 1n 0.2 mL
Smash and Grab Solution (1% SDS, 2% Triton-X100, 100

mM NaCl, 10 mM Tris pH 8.0, 1 mM EDTA) and 0.2 mL
phenol-chloroform-1soamyl alcohol, and 0.3 g glass beads
were added. The tubes were vortexed for 5 min using a
multi-tube holder. To the mixtures, 0.2 ml, TE pH 8.0 (10
mM Tris, 1 mM EDTA) was added and centrifuged for 5
min. The aqueous phase was transierred to a new tube and
1.0 mL cold ethanol was added and mixed to precipitate the
DNA. After centrifugation for 5 min, the supernatant was
removed. The pellet was resuspended 1n 0.4 mL TE with 75
ug/ml. RNaseA and incubated at room temperature for 5
min. 10 ul. 4 M ammonium acetate and 1.0 mL ethanol was
added. After incubation on 1ce for 5 minutes and centrifu-
gation for 10 minutes, the supernatant was discarded. The
pellet was washed with 0.5 mL 70% ethanol and centrifuged
for 10 min. The supernatant was discarded and the pellet air
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dried, then resuspended 1n 100 ulL TE. The resulting DNA
from the above extraction process was analyzed by electro-
phoresis on 0.8% agarose gel 1n 1x Tris-acetate-EDTA
(TAE) running builer at 100 V for 1.5 h.

As shown 1n FIG. 1, the host strain of Y. /ipolvtica with no
tagl nuclease gene (ML8195) did not display DNA degra-
dation activity at either 65° C. or 25° C. The host strain of
Y. lipolytica that harbors the tagl nuclease gene (ML12805)
displayed DNA degradation activity at 65° C. but not at 25°
C. The degradation activity was observed as early as 20
minutes after the cell culture was incubated at 65° C. The
ML12805 strain did not display any DNA degradation
activity at 25° C. even after being incubated for 24 hours,
showing that Taqgl nuclease 1n the Y. lipolytica strain 1s latent

at 25° C.

Example 3: Temperature Activity Profile of Taql

In this example, the activity of Tagl nuclease was exam-
ined at different temperatures.

Y. lipolytica strains ML 12805 and ML8195 were grown
for 3 days as described 1n Example 2. 1.5 mL aliquots of
ML.12805 and ML.8195 cells were incubated at temperatures
of 25° C., 30° C,, 40° C., 30° C. and 65° C. for 1.5 h and
DNA was extracted and analyzed as described 1n Example 2.

As shown 1n FIG. 2, no DNA degradation was observed
at temperatures of 25° C., 30° C., 40° C., and 50° C., 1n both
strains ML12805 and ML8195. DNA degradation was
observed at 65° C., only 1n strain ML 12805, as was shown
in Example 2. The results show that Taql nuelease 1s latent
at temperatures equal to or below 50° C.

Example 4: PCR Analysis of In Vivo Tagl-Digested
gDNA

In this example, the degradation of the heterologous carB
gene 1 a recombinant Y. /ipolytica strain was examined.

The carB gene 1s 1740 nucleotides 1n length and encodes
phytoene dehydrogenase, an enzyme 1n the carotenoid bio-
synthetic pathway. The carB gene has been mtroduced into
Y. lipolytica to enable production of carotenoids. As
described 1n Example 2, ML8195 1s a lycopene-producing
strain lacking any thermophilic nuclease, and ML 12805 1s a
derivative of ML8195 containing the tagl nuclease gene;
both strains therefore contain the carB gene.

The presence of the carB gene was examined in strains
MIL8195 and ML12805 at both 25° C. and 65° C. Serial
dilutions of genomic DNA from ML12805 incubated at 25°
C. or 65° C. for 24 hours were prepared. PCR was performed
on the above samples using primers designed for amplifying
a 529 by fragment of the carB gene. The sequence of primer
MO4641 1s specified in SEQ ID NO:5. The sequence of
primer MO4642 1s specified in SEQ ID NO:6. The DNA
fragment of the carB gene between oligos MO4641 and
MO4642 contains two Tagl sites.

PCR was performed under the conditions described
below. In each 25 uL reaction, 1 puL of diluted gDNA was
combined with 0.5 ulL of each primer (10 uM stock solu-
tion), 0.5 ulL water and 22.5 ulL of Platinum Taq Super Mix.
The reaction parameters were 1 cycle at 94° C. for 2 min
tollowed by 45 cycles at 94° C. for 30 s, 58° C. for 30 s and
72° C. for 60 s. A final single cycle of 72° C. for 5 min
finished the PCR 11 a MJ Research PTC-225 Peltier Thermal
Cycler. The entire reaction plus 1x loading dye was loaded
onto a 2% agarose m 1xTAE gel with 0.5 pg/ml ethidium

bromide and run at 100 V for 1.5 h.
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As shown 1n FIG. 3, for the Y /lipolytica strain in which
the tagl nuclease gene was introduced (ML12805), a 529 by
PCR product of carB was observed 1n the sample which was

incubated at 25° C. but not in the sample which was
incubated at 65° C. (serial dilutions of the PCR template
were performed to demonstrate the sensitivity of the assay,
as 1s known to those of ordinary skill in the art). These
results show that the Tagl nuclease degraded the recombi-
nant DNA (carB gene) 1n strain ML 12805 when incubated at
65° C. FIG. 3 also illustrates that foreign DNA 1n strain
ML12805 can be targeted for degradation, and that the
cleavage 1s complete, resulting in no detectable fragment of
approximately 500 nucleotides.

Example 5a: Astaxanthin Production 1n a Y.
lipolytica Strain Harboring the tagl Thermophilic
Nuclease Gene

In this example, the production of astaxanthin 1n a strain
of Y. lipolytica was examined, both before and after the taql
nuclease gene was introduced.

In this example, a strain of Y. /ipolvtica which produces
astaxanthin (ML11956) was used. A second strain
(ML12924) was constructed by introducing the tagl nucle-
ase gene (MB6736) into strain ML11956. The amount of
astaxanthin and 1ts precursors 1n both strains was measured.
Measurements were made at different time points during the
cell growth period and after the host strains were incubated
at 65° C.

Strains ML11956 and ML.12924 were grown 1n a fermen-
tor using a fed-batch process. Samples were taken at differ-
ent time points during the fermentation process and carote-
noid analysis was performed according to the methods
described previously 1 U.S. Pat. No. 7,851,199 B2.

FIG. 4 shows that the amount of astaxanthin increased as
strain MLL11956 grew and the production eventually reached
a plateau. The amount of astaxanthin did not change after
ML 11956 was 1incubated at 65° C. Strain ML.12924 behaved
in the same manner as strain ML11956. The amount of
astaxanthin produced by strain M1.12924 was the same as 1n
strain ML11936 throughout the fermentation period and
alter incubation at 65° C. The amount of astaxanthin pre-
cursors produced also remained unchanged in strains
ML11956 and ML 12924 before and after incubation at 65°
C. This result shows that neither the introduction of the taql
nuclease gene nor activation of its activity affected the
amount or purity of astaxanthin produced by Y. lipolytica.

Example 5b: Zeaxanthin Production 1n a Y.
lipolytica Strain Harboring the tagl Thermophilic
Nuclease Gene

In this example, the production of zeaxanthin 1n a host
strain of Y. lipolytica with the tagl nuclease gene was
examined.

In this example, a strain of Y. /ipolytica which produces
zeaxanthin (ML 11218) was transtformed with a tagl nuclease
gene (MB6736). In the resulting Y. [lipolytica strain
(ML12921), the amount of zeaxanthin and 1ts precursors
produced were measured. Measurements were made at dif-
ferent time points during the cell growth period and were
also made after the host strain was 1ncubated at 65° C.

Strain ML12921 was grown in a fermentor using a
ted-batch process. Samples were taken at different time
points during the fermentation process and carotenoid analy-
s1s was performed according to the methods described

previously in U.S. Pat. No. 7,851,199 B2.
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FIG. 5 shows that the amount of zeaxanthin increased as
strain MLL12921 grew and the production eventually reached
a plateau. The amount of zeaxanthin produced did not
change after the host cells were incubated at 65° C. The
amount of zeaxanthin precursors also remained the same
alter the host cells were incubated at 65° C. In the control
strain ML11218 (not shown), zeaxanthin production was
similar to ML12921 1n all the conditions tested. This result
shows that neither the presence of the Tagl nuclease nor 1ts
activation aflect the production or purity of zeaxanthin in ¥,
lipolytica.

Example 5c: Demonstration of Tagl Nuclease
Activity 1n Strains Producing Astaxanthin or
Zeaxanthin

In this example, the Tagl nuclease activities of Y
lipolytica strains ML11956, ML12924, and MIL12921
described in Examples 5a and 5b were examined.

Strains ML11956, MLL12924, and ML12921 were grown
in fermentors. For strains ML119356 and MIL12924 (produc-
ing astaxanthin 1n a longer fermentation), samples were
taken at 46, 121 and 236 h post inoculation. For strain
MIL.12921 (producmg zeaxanthin 1n a shorter fermentation),
samples were taken at 46 and 69 h post inoculation. At the
end of the fermentation process (236 h for astaxanthin
strains and 69 h for zeaxanthin strains) the temperature was
raised to 65° C. and strains were incubated at this tempera-
ture for 6 hours. Samples were taken at O min, 10 min, 30
min, 2 h and 6 h after the shift to the higher temperature.
DNA was extracted and analyzed as described in Example 2.

As shown 1n FIG. 6, no DNA degradation was observed
in strain ML11936 lackmg the nuclease. In both strains
ML12924 and ML12921, DNA degradation was observed
alter the cells were 1ncubated at 65° C. The above result

shows that the Tagl nuclease was latent at the fermentation
temperature but was active at 65° C. 1n Y. lipolytica strains,
allowing for DNA degradation without aflecting the amount
or purity of the desired end product (astaxanthin or zeax-
anthin).

Example 6: Temperature Range for Taql and Phol
Centered Around their Respective Optima

In this example, the activities of Tagl and Phol nucleases
were examined at and around their optimum temperatures.

As shown 1n FIG. 7, the strain of Y. /ipolvtica harboring
the tagl nuclease gene (ML12921) displayed DNA degra-
dation activity at 65° C. but not at 25° C. ML12921 further
displayed DNA degradation activity at 60° C. and 70° C.,
1.e., £5° C. of 65° C., the optimal temperature for Taql
nuclease activity. Similarly, the host strain of Y. lipolytica
with the Phol nuclease gene (ML13270) displayed DNA
degradation activity at 75° C. but not at 25° C. ML13270
also displayed DNA degradation activity at 70° C. and 80°
C., 1e., £5° C. of 75° C., the optimal temperature for Phol
nuclease activity. The results show that in a Y. lipolytica host
strain transformed with an exogenous nuclease gene, the
genomic DNA of the host strain can be degraded within a
temperature range of at least 10 degrees centered around the
optimal temperature for the nuclease gene. This result was
observed 1n two different nucleases where each nuclease has
a different optimal temperature.

Example 7: Production of Plasmids for Bacterial
Expression

A plasmid was generated for expression of Tagl thermo-
philic nuclease 1 E. coli as shown in Table 3. A codon
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optimized tagl nuclease ORF sequence was synthesized de
novo based on the sequence of the tagl nuclease gene of

Thermus aquaticus (SEQ 1D NO:2), using the E. coli codon
bias as specified in SEQ ID NO:11. This codon-optimized
tagl nuclease ORF was cleaved using Ncol and Acc651 and
ligated to pMB4124 (Kan® oriP15) cut with Ncol and
Acc63] to produce pMB7268 (trcP-tagl). The resulting
encoded Taqgl protein of pMB7268 1s specified in SEQ ID
NQO:3.

For expression of Tagl thermophilic nuclease 1n Coryne-

bacterium glutamicum, a fragment was generated by PCR
with oligos MO9315 and M0O9316 and pMB6736 as tem-

plate, cleaved with Ncol and Kpnl, and ligated to pMB4124
cut with Ncol and Acc651 to produce pMB7263 (trcP-tagl).
The resulting encoded Taql protein of pMB7263 1s specified
in SEQ ID NO:3. The sequence of primer MO9315 1s
specified mm SEQ ID NO:12. The sequence of primer

MQO9316 1s specified in SEQ 1D NO:13.

TABLE 3
Plasmids
Plasmid Backbone Insert  Oligos or source
pMB4124 KanR oriP15 lacl? trcP  lacZ Previously
synthesized
pMB7268 pMB4124 taql Synthesized
Ncol-Acc651
fragment
pMB7263 pMB4124 taql PCR amplified
usimg oligos
MO9315 and
MO9316 and
pMB6736 as
template
Example 8: Demonstration of Nuclease Activity of
E. coli Expressing Tagl Nuclease
In this example, the gene encoding Tagl nuclease was
introduced into a host strain of E. coli. The Tagl nuclease

activity in the host strain was tested.

E. coli DH5a (F-®80lacZAM15 A(lacZYA-argF) U169
recAl endAl hsdR17 (rK-, mK+) phoA supE44 A-thi-1
oyrA96 relAl) harboring either pMB4124 (trcP-lacZ) or
pMB7268 (trcP-tagl) was grown to exponential phase at 30°
C., shifted to 37° C. for 1 hr, and induced with 500 uM
1sopropyl [3-D-1-thiogalactopyranoside (IPTG) for 2.5 hr.
Cells were then incubated at 25° C. for 4 and 18 hr, or at 65°
C. for 1.5, 4, and 18 hr. Total DNA was prepared from ~1
Ao unit of cells using a Qiagen Blood and Tissue DNeasy
Kit, following the manufacturer’s recommendations, except
that the incubation temperature for the Proteinase K diges-
tion was changed to 22° C. As seen in FIG. 8, the cells
harboring the trcP-tagl construct showed extensive DNA
degradation at 65° C. but not at 25° C. The control cells
lacking the trcP-tagl construct do not exhibit degradation at
cither temperature.

Example 9: Demonstration of Nuclease Activity of
C. glutamicum Expressing Tagl Nuclease

In this example, the gene encoding Tagl nuclease was
introduced 1nto a host strain of C. glutamicum. The Taql
nuclease activity in the host strain was tested.

C. glutamicum strain MA428 was constructed by replac-
ing the native hom(thrA)-thrB operon in ATCC 13032 with

a feedback-resistant allele (G362E) of Streptomyces coeli-
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color hom driven by the C. glutamicum gpd promoter (U.S.
patent application Ser. No. 10/858,730, now abandoned).
This strain was transformed with pMB7263 (trcP-tagl), and
a Kan®™ colony was grown at 30° C. in BHI medium
supplemented with 20 ug/ml kanamycin, and induced over-
night with 250 uM IPTG. Cells were then mcubated at 25,
60, 65 or 70° C., and DNA was extracted using a Qiagen
Blood and Tissue DNeasy Kit, following the manufacturer’s
recommendations for gram-positive bacteria, except that the
incubation temperature for the Protemnase K digestion was
changed to 22° C. Cells harboring the trcP-tagl construct

were 1ncubated at 25° C. for 5 hrs and at 65° C. for 0.5, 1,
2.5 and 5 hrs. As seen in FIG. 9, cells containing the
trcP-taql construct showed extensive DNA degradation at

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 13
<210>
<211>
<212>
<213>
<220>

223>

SEQ ID NO 1

LENGTH: 811

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

optimized taql gene

10

30

65° C. but not at 25° C. FIG. 10 depicts the temperature
dependence of the activity (all incubations were for 5 hrs).

The genomic DNA of the host stramn C. glutamicum was
degraded within a temperature range of at least 10 degrees
centered around the optimal temperature for Tagl nuclease

of 65° C.

All of the various aspects, embodiments, and options
described herein can be combined 1n any and all vanations.

All publications, patents, and patent applications men-
tioned 1n this specification are herein incorporated by ref-
erence to the same extent as 1f each idividual publication,
patent, or patent application was specifically and individu-
ally indicated to be incorporated by reference.

OTHER INFORMATION: Nucleotide sequence containing the codon

<400> SEQUENCE: 1

gctagccaca aaaatggcectt ccactcaggce tcagaaggct cttgagactt tcecgagcecgatt 60
tctegettet cttgacctgg agtcectacca gcagaagtac cgacccatca agactgttga 120
gcaggacctt ccccgagagce tgaacccecect tceccgaccectg tacgagcact actggaaggc 180
ccttgaggat aacccctcect tectgggcett cgaggagttce tttgaccact ggtgggagaa 240
gcgacttcecga cccecctegacyg agttcatteg aaagtacttt tggggttget cctacgcectt 300
tgttcgactt ggccttgagg ctcgactgta ccgaactgcce gtttceccatct ggactcagtt 360
tcacttctge taccgatgga acgcecctcecctg cgagcttcecece cttgaggcecg cccceccgagcet 420
tgacgcccag ggcattgacg ccctgattca cacttceccecggt tectcectaccg gaatccagat 480
caagaaggag acttaccgat ccgaggccaa gtccgagaac cgatttctece gaaagcagceg 540
aggcaccgcece ctcatcgaga ttceccecctacac ccttcagact cceccgaggagce ttgaggagaa 600
ggccaagcga gcccgagtta acggagagac ttaccgactt tgggccaagg ttgctcacca 660
ccttgaccga cttgagaacg gttttgtcat ttttcgagag tcttacgtta agtctattga 720
gcecttttecte cagaagaacg ctcecccaccecect ttcetggacte attcgatggg accgagttgce 780
tcaggaggcce ctcaccgcecce cctaaacgeg t 811
<210> SEQ ID NO 2

<211> LENGTH: 792

<212> TYPE: DNA

<213> ORGANISM: Thermus aquaticus

<220> FEATURE:

<223> OTHER INFORMATION: tadgl gene

<400> SEQUENCE: 2

atggcttcca cacaagccca gaaagcgctce gaaacttttg agegttttet cgcaagcettg 60
gacctcgagt cctaccagca aaagtaccgce cctatcaaaa cggttgaaca agacctgcect 120
agggagctga acccgcttcee ggacctgtac gagcattatt ggaaagcegcet tgaggataac 180
ccttecttee tgggcecttega agagttcettt gaccactggt gggaaaagcg cctacggcecce 240
ttggacgagt tcatacgcaa atacttttgg ggatgctcecct acgegtttgt tecgettgggce 300



ctcgaggcta

cgctggaacy

atagacgcgc

taccgttceceyg

atcgagattc

agagtgaacyg

gaaaacggat

aaaaacgctc

accgceccccgt

<210>
<211>

ggctgtaccy

cctectgega

tgattcatac

aggccaagag

cctacacccet

gagaaaccta

tcgtcatttt

ctaccctatce

gda

SEQ ID NO 3
LENGTH:

263

31

aacagccgtt
gcttcoctceta
aagcgggtcc
cgagaaccgc
gcagacacca
ccgtetatgy
tcgggaaagt

tgggctcatc

US 10,385,308 B2

tccatctgga

gaagctgccc

tcaacaggaa

tttttaagga

gaggagctceg

gccaaggttyg

tatgtgaaaa

cgctgggaca

-continued

ctcagtttca

cagaactcga

tccagatcaa

agcaaagagyg

aagaaaaagc

cacaccattt

gcattgagcet

gggtggccca

cttctgctac

cgcccaaggy

aaaggaaact

caccgccctc

caaacgggca

ggaccgtcta

ttttctecag

ggaagccctce

<212 >
<213>
<220>
<223 >

TYPE :
ORGANISM: Thermus
FEATURE:
OTHER INFORMATION :

PRT

<400> SEQUENCE:

Met Ala Ser Thr

1

Leu

Leu

Gly

65

Leu

Val

Trp

Pro

Ile

145

Gly

Leu

Leu

Val

225

Gln

2la

Thr

Tyr

50

Phe

ASp

Arg

Thr

Leu

130

His

Arg

Thr

Glu

Trp

210

Tle

Agn

Glu

Ser

Val

35

Glu

Glu

Glu

Leu

Gln

115

Glu

Thr

Ser

Ala

Glu

195

Ala

Phe

Ala

Ala

Leu

20

Glu

His

Glu

Phe

Gly

100

Phe

Ala

Ser

Glu

Leu
180

ATg

Pro

Leu
260

3

Gln
5

Asp

Gln

Phe

Tle

85

Leu

His

Ala

Gly

Ala

165

Tle

Ala

Vval

Glu

Thr

245

Thr

Ala

Leu

ASP

Trp

Phe

70

ATrg

Glu

Phe

Pro

Ser

150

Glu

Ala

Ser
230

Leu

Ala

agquaticus

2Amino Acid

Gln

Glu

Leu

Lys

55

Asp

Ala

Glu

135

Ser

Ser

Tle

Arg

Hisg

215

Ser

Pro

Ser
Pro
40

Ala

Hig

ATrg

Tyr

120

Leu

Thr

Glu

Pro

Ala
200

His

Val

Gly

Ala

Tyr

25

Arg

Leu

Trp

Phe

Leu

105

ASDP

Gly

AgSh

Tyr

185

ATg

Leu

Leu

sequence of

Leu

10

Gln

Glu

Glu

Trp

Trp

90

Trp

2la

Ile

Arg

170

Thr

Val

ASp

Ser

Ile
250

Glu

Gln

Leu

ASpP

Glu

75

Gly

ATrg

AgSn

Gln

Gln

155

Phe

Leu

Agnh

Arg

ITle
235

AYg

Thr

Agnh

AsSn
60

Thr

Ala

Gly

140

Ile

Leu

Gln

Gly
Leu
220

Glu

Trp

Tagl nuclease

Phe

Pro

45

Pro

Arg

Ser

Ala

Ser

125

Tle

Arg

Thr

Glu

205

Glu

Leu

Asp

Glu

ATrg

30

Leu

Ser

Leu

Val
110

Pro
190

Thr

Agn

Phe

ATg

Arg

15

Pro

Pro

Phe

ATrg

2la

o5

Ser

Glu

2la

Glu

Gln

175

Glu

Gly

Leu

Val
255

Phe

Ile

ASp

Leu

Pro

80

Phe

Tle

Leu

Leu

Thr

160

Arg

Glu

ATrg

Phe

Gln
240

Ala

360

420

480

540

600

660

720

780

792

32



<210> SEQ ID NO 4

<«211> LENGTH:
<212> TYPE:

1740
DNA

33
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<213> ORGANISM: Yarrowilia lipolytica
<220> FEATURE:

<«223> OTHER INFORMATION:

<400> SEQUENCE: 4

atgtccaaga

cgtttggccc

cgctgctect

atgcccaagt

gagctgctgce

ctgtcgtctyg

tttggccgat

attgcgctca

gagatctttc

accaagaaga

gatgcgcctyg

cceegtggeyg

gatgccgagt

caagtgacag

aacgcagatc

acactggctt

aaggtgcctc

gacgaaatct

tctegecatceyg

attggtcata

gacaaggcac

gccgacttga

ctgtggagag

cccagcacada

catcccggaa

gtcaagagct

cctttggagy

ttttgggtca

CCttttatca

aacacattgt

gcgaaggctt

tgatccatca

actttgagga

gatgcgacaa

acttgacacyg

tcctggattt

agaagaattt

gcttgcacct

tgcgcatggc

ctgtctacag

gcttcaacat

ttatctacaa

gtgtaacctt

tggtctatgc

ccaagaaatt

aattggacgt

tcaaggactt

atccttcetgc

tgaagagcaa

gcaagatggt

ttgagcatga

gctcaattct

aggattctac

ctggtgttcc

ttggaaagac

agcctgatgce

tgtttatgtt

ataatttgtt

<210> SEQ ID NO b5
«211> LENGTH: 19

«212> TYPE:

DNA

carB

cattatcggt

caaggtcact

ccagggcecat

cgcctttgec

caactacaag

catgaaggct

catgaaagag

cgaatccatc

gtttggcaag

attcacgttt

cctgttgcag

ggtggttcag

tgcgccectgtt

ggaaaatggc

ttatcacaat

gacgtcttct

gcacaacatc

tggcctgcect

tgctccocgac

gacgggcgat

gﬂtggﬂtgtg

gcaagtcaat

gggtttgtct

cggtcgttat

cattgtecctt

gcccaagcca

tgaatcgaca

CCLLCttacttc

acctgaagta

gctggegtgg
gtggtggaga
cgctttgatc
gatctggacy
gtgcactttg
gaattggacc
acacacatcc
tgggacctga
atctacgacc
cagaccatgt
tacaccgagt
aagctagagyg
gccaagatta
cacatcatcyg
ctgttgcectc
tccatttcect
tttttggcey
tctgaagcect
ggcaaggact
gcttcoccaccy
attgagcgtc
gatcccgcety
catgatgtgc
gataacctat
gcaggaagca
agaaagatcyg
ttcectgtygt

ttccecectcaat

ttccgegttc

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
223> OTHER INFORMATION: Primer M04641

<400> SEQUENCE: 5

caatctgttyg

CCtCCCth

-continued

gtggcacggc
aaaacgactt
agggcccegtce
agcgcattca
acgacggtga
gcgtggaggyg
actacgaaag
ttcgcatcaa
gcgcttccaa
atatgggcat
tcgctgaagyg
cgattgcaaa
acaccgatga
atgccgatgc
cctgecgatyg
tctactggtce
aggcttatca
ccttcectacgt
ctgtcattgt

agaactaccc

gtctgggcat
tatggcagag
ttcaggtgct
tctttgtggg
agctcacctc
agatggagaa
ggttetggtt

ccaatggcca

ataactctaa

tacagctgcet

tggtggceggc

gctctacctyg

agaccacctg

gtcgatccag

ccececttggt

cggcaccctyg

gtacgctcca

gtacttcaag

gtcgccctac

catctggtat

gcaaaagtac

tgccaccaaa

ggttgtgtgt

gacgcaaaac

catgtccacc

ggagagcttt

caatgtgccc

cttggtgcect

ggccatggtg

gtcgaatttc

caagttcaat

gtggttccgt

tgcaagcacg

tgaccaagtt

cacgcaagca

gcgcogcetgec

aacgcccegca

tgtcatttaa

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

19

34



«<210> SEQ ID NO o
<211> LENGTH: 19

<212> TYPERE:

DNA

35

US 10,385,308 B2

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
223> QOTHER INFORMATION: Primer M04642

<400> SEQUENCE: o

atcctttgtyg

ctgggacgyg

<210> SEQ ID NO 7

<«211> LENGTH:
<212> TYPE:

558
DNA

<213> ORGANISM: Yarrowilia lipolytica
<220> FEATURE:

<«223> OTHER INFORMATION:

<400> SEQUENCE: 7

atgcttgcegt

gcaacgttcyg

cataccccgce

ctggccattyg

gcgggaatga

cgctggecgt

cggctgcatc

ccaccggtgy

ggcgctgcca

gcttcecgecgec

tgtggaatac

cacacaagta

gcaaagdggdgcC

cgctgattta

ccggcetacgyg

tcecgttacgt

acgcggtgceg

acaagctgca

gaggtgcgga

ggaaataa

<210> SEQ ID NO 8

<211> LENGTH:
«212> TYPE:

977
DNA

crta-De

cgggatcgtg

catcatgcac

gtttgagcgt

cgcggygcagc

cgtgatctac

gccgegecgce

ggdgegcedad

ggcggtgcetg

tcgegeggeg

ctactgacta

ggctggggat

aacgatctct

gaagggtact

tttatcgttc

ggctatctgce

gggtgﬂgtﬂt

cgcgaacgta

gccagctcgce

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Nucleotide sequence containing the codon

optimized phol gene

<400> SEQUENCE: 8

tgctagccac

Cttacttccce

ccecgatctcec

gtcgagttat

agctcecggtty

aggtttacgt

actaccacct

ttatgtttta

tcoctgettt

Ctacttacta

tcgctcagey

ccacctgtaa

ccacctttgc

aaaaatggag
cgcttetett
tgatcgaaag
ttctattgag

ggaggagact

tgatgtttcet

tgagcgaacc

cattgatctc

cgagaacaag

cgctaaggtt

ataccttcag

cgattctctc

taaggttggt

atgtacaagyg

gagatccagg

gtttctatge

cgactcattc

taccttgaga

atttctaacy

tccattecgayg

aagtacgttyg

acccgagtta

aacgtcaaga

atcaaggcta

tctaagctca

attgccaaga

ttggtcgata
aggagcttat
ccattcccat
ctcccgagty

acaagcgagyg

attccattat

gcatcaaccc

atgagttcat

ttcgagagaa

acttctctct

aggagcactyg

agctccgact

tttctggtaa

-continued

tcatcatcat

ggggctggca
atgcggtggt
ggccgcttca

acgatggtct
gccgcectcecta
ccttegggtt
acggcagacc

cttcecgggaa

cctcecgttgat
taacaacggc
tgtttactce
gcttgagatt
tttcaagctc

tttcegagett

tgagaagtgg

taacgctctt

gcagcagggt

ttgtcteggt

taacatttac

tgagtacgat

gcgaccccag

ggaagggdgdtg

tccattcgcac

gtttgcgcta

gtggattggc

tgtccaccag

catggcacac

tatctacgcc

cgccagcegcyg

gccatcgcect

cceccectecaga

ttctacgtte

gattttggtg

tcteccegage

cctaaggagy

gacgttaaga

aagaactggg

cgagagcaca

ggcaaggayy

tgtttegatc

cctggttete

ccctceccatta

atcatggtta

19
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agctcacctc

aggcccdgady
acctcttcga

ccgatgatta

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

37
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-continued

taccgagact aagaccattc gaggtattct caagcctgag attaagggta

taagctcgtt tactgtgatc accgagagaa gcgacagtac attgcectcettg

tttttacaag gccctegttt ctactaagaa gtacgagggt aagctcccta

aacgcgt

SEQ ID NO 9
LENGTH :
TYPE :
ORGANISM: Pyrococcus horikoshii
FEATURE:
OTHER INFORMATION: phol gene

557
DNA

<400> SEQUENCE: 9

atggaaatgt

tcactagaga

agaaaagtaa

attgagaggt

gaaacttatt

gttagtataa

aggacatcca

gatttgaagt

aataaaacaa

aaagttaacyg

cttcaaatca

tctctaagca

gttggaatag

gaaactaaaa

cttgtatatt

tacaaggcct

<210>
<211>

ataaggttgyg

tccaggagga

gcatgccaat

taatacctcc

tagagaacaa

gcaacgattc

ttagaggcat

acgtagatga

gggttattcyg

tcaagaattt

aagctaaaga

aattaaaatt

ccaagatctc

ctataagggy

gcgatcacag

tggtaagcac

SEQ ID NO 10
LENGTH:

318

aagatacctt

gcttataaat

tCccaatagta

ggagtggctt

acgtggtttt

cataatattc

caatcctgaa

gttcattaac

tgaaaagcag

cagcttatgc

gcactgtaac

aaggcttgaa

aggcaagaga

aatacttaag

agaaaagaga

taagaagtat

gttgattccc
aatggcttct
tactccgatt
gaaatctcgc
aaactaccta
gagctagacyg
aaatggaaga
gctttaaggy
caagggdggca
ttaggatgct
atatatccag
tacgatccat
ccccagatcea
ccagaaataa

cagtatatag

gaaggtaagc

Ctcaaatata

acgtacccag

ttggagggag

cagagcaatt

aagaagaggt

tgaaaaatta

attgggtgat

aacatatccc

aggaagttac

tcgatctcege

gctcaccaac

ccattactac

tggttaaatt

aaggtaaggc

ctttggactt

taccgactga

ttttcceget

gagcccagat

ggttatatct

aggttgggaa

ctacgtggat

tcaccttgaa

gttttatatt

agctttcgaa

atattatget

tcaaaggtat

atgtaacgat

ctttgctaaa

aacctctacg

gcgtggtaaa

gtttgatttt

tgattaa

<212 >
<213>
<220>
<223 >

TYPE :
ORGANISM: Pyrococcus horikoshii
FEATURE:
OTHER INFORMATION: Amino aclid sequence of

PRT

<400> SEQUENCE:

Met Glu Met Tyr

1

Tvr

Phe

Tle

ITle

65

Glu

Phe

Val
50

Pro

Thr

Pro

Val
35

Pro

Ala

20

Pro

Ser

Glu

Leu

10

Arg

AsSp

Trp

Glu
g5

Val

Leu

Ser

Phe

Leu

70

Agn

Gly

Glu

Pro

Gly
55

Glu

ATrg

Ile

ASDP

40

Gly

Ile

Arg

Gln

25

Arg

ATrg

Ser

Gly

Leu
10

Glu

Val

Pro

Phe
Q0

Val

Glu

Val

ITle

Glu
75

ASpP

Leu

Ser

Ser

60

Gln

Leu

Phol nucleage

Ser

Ile

Met

45

Tle

Leu

Pro

Leu

Agn
30

Pro

Glu

Gly

Gln
15

Agn

Tle

Arg

Trp

Glu
o5

Tle

Gly

Pro

Leu

Glu

80

Glu

840

500

560

o777
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Val

ASpP

Pro

Val

145

AsSn

Thr

Leu
225

Val

Leu

Ile

Val
305

<210>
<211>
<«212>
<213>
<220>
<223 >

<400>

Val
Glu
130

ASpP

Phe

Agn

210

Gly

Thr

Arg
290

Ser

Val

Lys

115

Glu

Thr

ASP
195

Tle

Leu

Ile

Ser

Gly

275

Gln

Thr

ASDP
100

Agn

Trp

Phe

ATy

Ala

180

Leu

ATg

Ala

Thr
260

SEQUENCE :

Val

Ile

Val

165

Ala

Pro

Leu

Lys

245

Glu

Ala

ITle

SEQ ID NO 11
LENGTH :
TYPE: DNA

ORGANISM: Thermus
FEATURE:
OTHER INFORMATION :

800

11

Ser

His

Agn

Asn

150

ITle

Val

Gln

Gly

Glu

230

ITle

Thr

ATg

Ala

Tyr
310

39

Tle

Leu

Trp

135

Ala

Arg

ASn

Arg

Ser

215

Ser

Gly

Leu
295

Glu

Ser

Glu

120

Val

Leu

Glu

Val

Tyr

200

Pro

ASP

Gly

Thr

Lys

280

ASpP

Gly

Agn
105

ATrg

Met

Lys
185

Leu

Thr

Pro

Tle
265

Leu

Leu

agquaticus

DNA sequence encoding Tagl nuclease

ASDp

Thr

Phe

Glu

Gln

170

Agn

Gln

Ser

ATrg

250

Arg

Val

Phe

Leu

US 10,385,308 B2

Ser

sSer

His

155

Gln

Phe

Ile

Asnh

ITle

235

Pro

Gly

ASpP

Pro
315

-continued

Tle

ITle

Tle

140

Ile

Gly

Ser

ASD
220

Thr

Gln

Tle

Phe
200

Thr

Tle

Arg

125

Asp

Pro

Gly

Leu

Ala

205

Ser

Thr

Ile

Leu

Asp

285

Asp

Phe
110
Gly

Leu

Ala

Cys

120

Leu

Phe

Met

Lys

270

His

ASP

Glu

Ile

Phe

Glu

175

Leu

Glu

Ser

2la

Val

255

Pro

Arg

Ala

Leu

Agn

Glu
160
Val

Gly

His

Lys
240

Glu

Glu

Leu

ccatggcatc

tggacctgga

cgcgtgaact

atccgtcectt

cgctggacga

gtctggaagc

accgctggaa

gcattgacgc

cctaccgtag

tgattgaaat

ctcgcgtcaa

tggaaaatgy

agaaaaacgc

tgaccgctcc

daacccaagca

atcataccaa

gaacccgctyg

tctgggettc

atttattcgce

gcgtcetgtat

cgcectettgt

tctgatccac

tgaagcaaaa

cccgtatacc

cggcgaaacc

ttttgtgatt

cccgaccectyg

gtgaggtacc

cadaadadCCcC

cagaaatacc

ccggacctgt

gaagaatttt

aaatattcct

cgcaccgecy

gaactgccgc

accagtggca

tccgaaaatc

ctgcaaacgc

taccgtctgt

ttcegtgaat

tcgggoctga

tggaaacctt

gtccgattaa

atgaacatta

tcgatcactyg

ggggctgceag

tcagcatcty

tggaagcagc

gctctacggy

gttttetgeg

cggaagaact

gggcgaaagt

catacgttaa

ttcgttggga

cgaacgcttce

aaccgtggaa

ctggaaagca

gtgggaaaaa

ctacgcgttt

gacgcaattt

accggaactyg

tatccaaatc

caaacagcgt

ggaagaaaaa

ggcccatcac

atcgatcgaa

ccgtgtegcea

ctggcgagcc
caggatctgc
ctggaagata
cgtctgegec
gttcgtcetgy

catttetget

gatgcacagyg

dadaadaddadaa

ggtacggctc

gcaaaacgtyg

ctggatcgcc

ctgttectyge

caagaagcac
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42

-continued

41
<210> SEQ ID NO 12
<211> LENGTH: 29
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
223> OTHER INFORMATION: Primer MO9215

<400> SEQUENCE: 12

cacacaccat ggcttccact caggctcag

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

SEQ ID NO 13

LENGTH: 34

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Primer M09316

<400> SEQUENCE: 13

cacacaggta ccttaggggg cggtgagggc ctcec

What 1s claimed 1s:

1. A genetically modified yeast or fungal cell which
comprises a heterologous nucleic acid sequence encoding a
thermophilic Taql or Phol nuclease gene, wherein the ther-
mophilic nuclease produced by said thermophilic Taqgl or
Phol nuclease gene with an optimum temperature of 50° C.
or higher and which 1s latent at the temperature at which the
cell has normal growth, wherein the genetically modified
cell produces one or more biological compounds or fine
chemicals which are not the thermophilic nuclease, said
biological compound being selected from the group consist-
ing of: phytoene, lycopene, beta-carotene, alpha-carotene,
beta-cryptoxanthin, lutein, zeaxanthin, astaxanthin, canthax-
anthin,  echinenone, 3-hydroxyechinenone,  3'-hy-
droxyechinenone, adomirubin, violaxanthin, adonmixanthin,
vitamin E, retinol, retinal, retinoic acid, retinyl palmaitate,
and modified forms thereof.

2. The cell of claim 1, wherein the nuclease 1s a DNA-
degrading nuclease.

3. The cell of claiam 2, wherein the DNA-degrading
nuclease 1s Tagl nuclease.

4. The cell of claiam 2, wherein the DNA-degrading
nuclease 1s Phol nuclease.

5. The cell of claim 1, wherein the yeast or fungal cell 1s
selected from the group consisting of: Yarrowia, Candida,
Hansenula, Saccharomyces, Mortierella, Schizosaccharo-
myces, Aspergillus, Fusarium, Trichoderma, and Thraus-
tochytrium.

6. The cell of claim 5, wherein the Yarrowia species 1s
Yarrowia lipolytica.

7. The cell of claim 1, wherein the gene of the thermo-
philic nuclease 1s codon optimized to match the codon usage
bias of the yeast or fungal cell.

8. The cell of claim 3, wherein the Tagl nuclease com-
prises a polypeptide having an amino acid sequence of SEQ
ID NO: 3.

9. The cell of claim 4, wherein the Phol nuclease com-
prises a polypeptide having an amino acid sequence of SEQ)
ID NO: 10.

10. The cell of claim 1, wherein the yeast or fungal cell
comprises a combination of more than one thermophilic
nuclease gene.
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11. A method for degrading the nucleic acids of a host cell
in vivo and/or 1n situ, wherein the method comprises:

a) growing the host cell at a temperature at which the

thermophilic nuclease 1s latent; and

b) degrading the nucleic acids of the host cell by changing

the temperature 1n step (a) to a temperature at which the
thermophilic nuclease 1s active,

wherein the host cell 1s a genetically modified yeast or

fungal cell of claim 1.

12. The method of claim 11, wherein the nuclease 1s a
DNA-degrading nuclease and the nucleic acids are DNA.

13. The method of claim 12, wherein the DNA of the host
cell contains recombinant DNA.

14. The method of any of claim 13, wherein the tempera-
ture 1n step (a) 1s optimal for the growth of the host cell.

15. The method of any of claim 13, wherein the degra-
dation 1s conducted at a temperature that 1s within about +5°
C. of the optimum temperature of said thermophilic nucle-
ase.

16. The method of claim 15, wherein the degradation 1s
conducted at a temperature that 1s optimal for the activity of
the thermophilic nuclease.

17. The method of claim 11, wherein the degradation 1s
conducted during the pasteurization of the host cell.

18. The method of claim 11, wherein the degradation 1s
conducted 1n a temperature range between 40° C. and 100°
C.

19. The method of claim 12, wherein the DNA-degrading
nuclease 1s Tagl nuclease.

20. The method of claim 19, wherein the degradation 1s
conducted at a temperature ranging between about 60° C.
and about 70° C.

21. The method of claim 19, wherein the degradation 1s
conducted at 65° C.

22. The method of claim 12, wherein the DN A-degrading
nuclease 1s Phol nuclease.

23. The method of claim 22, wherein the degradation 1s
conducted at a temperature ranging between about 70° C.
and about 80° C.

24. The method of claim 23, wherein the degradation 1s
conducted at 75° C.

25. The method of claim 11, wherein the host cell 1s
selected from a group consisting of: Yarrowia, Candida,
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43

Hansenula, Saccharomyces, Mortierella, Schizosaccharo-
myces, Aspergillus, Fusarium, Trichoderma, and Thraus-
tochytrium.

26. The method of claim 25, wherein the Yarrowia species
1s Yarrowia lipolytica.

27. The method of claim 11, wherein the gene of the
thermophilic nuclease 1s codon optimized to match the
codon usage bias of the host cell.

28. The method of claim 19, wherein the Tagl nuclease
comprises a polypeptide having an amino acid sequence of

SEQ ID NO:3.

29. The method of claim 22, wherein the Phol nuclease
comprises a polypeptide having an amino acid sequence of
SEQ ID NO: 10.

30. The method of claim 11, wherein more than one
thermophilic nuclease gene 1s introduced 1nto the host cell.

31. The method of claim 13, wherein said recombinant
DNA comprises cleavage sites of the thermophilic nuclease.

32. The method of claim 13, wherein said recombinant
DNA comprises one cleavage site of the thermophilic nucle-
ase every 500 or fewer nucleotides.

33. A process for the production of a biomass product
which 1s free of active nucleic acid molecules, wherein the
biomass product 1s the product of a host cell, whereimn the
Process CoOmprises:

10

15

20

44

a) fermenting the host cell at a temperature at which the
thermophilic nuclease 1s latent;

b) degrading the nucleic acids of the host cell by changing
the temperature 1n step (a) to a temperature at which the
thermophilic nuclease 1s active; and

¢) recovering the biomass product;

wherein the order for performing steps b) and step ¢) may
be exchanged, and wherein the host cell 1s a genetically
modified yeast or fungal cell of claim 1.

34. The process of claim 33, wherein the nuclease 1s a
DNA-degrading nuclease and the nucleic acids are DNA.

35. The process of claim 34, wherein the DNA of the host
cell contains recombinant DNA.

36. The process of any of claims 33-35, wherein the

temperature 1n step (a) 1s optimal for the growth of the host
cell.

37. The process of any of claims 33-35, wherein the
degradation 1s conducted at a temperature that is within
about £5° C. of the optimum temperature of said thermo-
philic nuclease.
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