United States Patent

US006391552B2

(12) (10) Patent No.: US 6,391,552 B2
Stemmer 5) Date of Patent: *May 21, 2002
(54) ENHANCING TRANSFECTION EFFICIENCY FOREIGN PATENT DOCUMENTS
ggggﬁg?&TlngRECURSIVE EP 0544809 B1 6/1993
EP 0563296 B1  10/1993
. WO WO 90/14424 11/1990
(75) Inventor: Willem P. C. Stemmer, Los Gatos, CA WO WO 90714443 11/1990
(US) WO WO 92/03461 3/1992
WO WO 92/06176 4/1992
(73) Assignee: Maxygen, Inc., Redwood City, CA WO WO 92/06204 4/1992
(US) WO WO 92/11272 7/1992
WO WO 93/10214 5/1993
(*) Notice:  This patent issued on a continued pros- WO WO 93/25682 12/1993 ... CI12N/15/12
ecution application filed under 37 CFR WO WO 94/06911 3/1994
1.53(d), and is subject to the twenty year gg gg g;‘; gggg Z }gg;‘ C120/1/68
Il)gt:nt 2term provisions of 35 U.S.C. WO WO 9573816 o005 T
(a)( ) WO WO 95/34648 12/1995 ... C12N/15/10
. . . . WO ‘WO 96/00294 1/1996 ... C12N/15/86
Subject to any disclaimer, the term of this WO WO 96/29 423 9;1996 131
patent is extended or adjusted under 35 WO WO 97/10330 3/1997 C12N/15/10
U.S.C. 154(b) by 0 days. WO WO 97/20078 6/1997 .. C12Q/1/68
WO WO 97/35966 10/1997 C12N/15/00
(21) Appl. No.: 09/430,931 wo WO 9807865 21998
WO WO 00/46344 8/2000
(22) Filed: Nov. 1, 1999 WO WO 0077167 12/2000
Related U.S. Application Data OTHER PUBLICATIONS
. o Adey, et al. “Preparation of second—generation phage librar-
(62) Division of application No. 08/792,409, filed on Feb. 3, oo Phage Disp. Pept. Proteins, Editor(s): Kay, Winter,
1997, now Pat. No. 6,096,548, which is a continuation of MecCaff Academic: San Di Calif 277-291
application No. 08/621,430, filed on Mar. 25, 1996, now cCallerty Academic: San Diego, Calil., pp., 2//=
abandoned. (1996).
7 . . Affholter. and Stemmer, “Directed evolution of proteins and
(51) Int. CL7 .o C12N 15/00, Cé%l;ng{?:é pathways by DNA shuffling”, Book of Abstracts, 216th ACS
] ) i National Meeting, Boston, Aug. 23-27, BIOT-042 (1998).
(52) US. Cl s 435/6; 4353/2/142’342153/59/}1;9’ Barry et. al., “Production of Monoclonal Antibodies by
X > Genetics Immunization,” Short Technical Reports, in Bio-
(58) Field of Search ............c.ccoovoeeeiennl 5435/440, 463, techniques, 16 (4)616—620 (1994)
435/91.1, 91.2, 252.3, 325, 489 Barry, et. al., “Protection against mycoplasma infection
. using expression—library immunization,”  Nature
(56) References Cited 377:632-635 (1995).
U.S. PATENT DOCUMENTS Beattie, et. al, “Cloning and characterization of T—cell
reactive protein antigens from Listeria moncytogenes,”
giggggg A ﬁﬁggz e el Infection and Immunity 58 (9):2792-2803 (1990).
470, orriss et al.
5523388 A 6/1996 Huse (List continued on next page.)
5,589,466 A 12/1996 Felgner et al.
5593972 A 1/1997 Weiner et al. Primary Examiner—John L. LeGuyader
5,605,793 A 2/1997 Stemmer Assistant Examiner—Bronwen M. Loeb
5098426 A 12/1997 Huse (74) Attorney, Agent, or Firm—Hugh Wang; Margaret A.
S723525 A 31998 Kauifman et i Powers; Joo Licbeschuetz
5763192 A 6/1998 Kauffman et al. 57) ABSTRACT
5,770,434 A 6/1998 Huse
5,783,386 A 7/1998 Jacobs, Jr. et al. The invention provides a number of strategies for transfer-
5,808,022 A 9/1998 Huse ring and/or evolving gene(s) associated with cellular DNA
5814476 A 9/1998 Kauffman et al. uptake so that they confer or enhance DNA-uptake capacity
g’gg"igg 2 }8;}222 gauﬁf?antetlal' of a recipient cell. Evolution is achieved by recursive cycles
5804514 A 10 /1998 KZng:nZa;’ ei: al of recombination and screening/selection. One such strategy
5830721 A 11/1998 Stemmer et al. coeoor... 435480  entails evolving genes that confer competence in one species
5834252 A 11/1998 Stemmer et al. ........... 435/91.1  to confer cither greater competence in that species, or
5,837,458 A 11/1998 Minshull et al. comparable or greater competence in a second species.
5,866,363 A 2/1999 Pieczenik Another strategy entails evolving genes for use as compo-
5,871,974 A 2/1999 Huse nents of cloning vector to confer enhanced uptake of the
5,928,905 A 7/1999  Stemmer et al. vector. Other strategies entail evolving viral receptors,
?gzg’ggg ‘: 593; }ggg %hort """""""""""""""" 435/4 viruses, and genes that mediate conjugal transfer.
> » use

(List continued on next page.)

30 Claims, 9 Drawing Sheets



US 6,391,552 B2
Page 2

U.S. PATENT DOCUMENTS

5,958,672 A 9/1999 Short ....covceevevevernuecnnnnen. 435/4
5,965,408 A 10/1999 Short 435/91.1
5,976,862 A 11/1999 Kauffman et al.

5,989,553 A 11/1999 Johnston et al.

6,004,788 A 12/1999 Short

6,030,779 A 2/2000 Short

6,054,267 A 4/2000 Short

6,057,103 A 5/2000 Short

6,117,679 A 9/2000 Stemmer

6,132,970 A 10/2000 Stemmer

6,165,793 A 12/2000 Stemmer

6,171,820 Bl 1/2001 Short

6,180,406 Bl 1/2001 Stemmer

OTHER PUBLICATIONS

Conry, et. al,, “Immune response to a carcinoembryonic
antigen polynucleotide vaccine,” Cancer Research 54:
1164-1168 (1994).

Coppel et al., “Identification of a cDNA clone encoding a
mature blood stage antigen of Plasmodium falciparum by
immunization of mice with bacterial lysates,” EMBO 1J.
3(2): 403-407 (1984).

Crameri and Stemmer “10(20)-Fold aptamer library ampli-
fication without gel purification” Nucleic Acids Research
21(18): 4410 (1993).

Gates, et al. “Affinity selective isolation of ligands from
peptide libraries through display on a lac repressor ‘head-
piece dimer’” Journal of Molecular Biology 255:373-386
(1996).

Hedstrom, et. al, “Prospects and strategies for development
of DNA vaccines against malaria,” 59th Forum in Immu-
nology, Reseach in Immunology 145(6) pp 476-482 (1994).

Khusmith. et al., “Protection Against Malaria by Vaccination
with Sporozoite Surface Protein 2 Plus CS Protein,” Science
252: Reports, 715-718 (1991).

MacKay et al., “Production of immunologically active sur-
face antigens of hepatitis B virus by Fscherichia coli,” Proc.
Natl. Acad. Sci. USA 78(7): 45104514 (1981).

Pascopella et al., Identification of a Genomic Fragment of
Mycobacterium tuberulosis Responsible for In Vivo Growth
Advantage, Inf. Agents and Dis. 2: 282-284 (1994).

Pascopella et al., “Use of In Vivo Complementation in
Mycobacterium tuberculosis to Identify a Genomic Frag-
ment Associated with Virulence,” Inf. and Imm. 62(4):
1313-1319 (1994).

Stemmer, “a 20-minute ethidium bromide high—salt extrac-
tion protocol for plasmid DNA” Biotechniques 10(6): 726
(1991).

Stemmer et al. “Enzymatic inverse PCR—a restriction site
independent, single—fragment method for high—efficiency
site—directed mutagenesis.” Biotechniques 13(2): 214-220
(1992).

Stemmer et al. “Increased antibody expression from
Escherichia coli through wobble—base library mutagenesis
by enzymatic inverse per.” Gene 123(1): 1-7 (1993).

Stemmer et al. “Selection of an active single chain FV
antibody from a protein linker library prepared by enzymatic
inverse PCR.” Biotechniques 14(2): 256-265 (1993).

Stemmer et al. “Expression of antibody Fv fragments spe-
cific for a heavy metal chelate indium edta in escherichia-
—coli.” Meeting on Protein Folding, Structure and Function
Held at the 20th Annual Meeting of the Keystone Symposia
on Molecular and Cellular Biology, Keystone, Colorado,
USA, Apr. 8-14, 1991. J Cell Biochem suppl 0 (15 part g),
217 (1991).

Stemmer, “DNA sequence evolution by sexual PCR,” Expe-
rientia (Basel, Switzerland), S09-04, 52(abstract): A25, 28th
Annual Meeting of the Swiss Societies for Exp. Biology
(1996).

Stemmer, “Sexual PCR and Assembly PCR.” in: The Ency-
clopedia of Molecular Biology. vol. 5 VCH Publishers, New
York. pp. 447-457 (1996).

Tang et al., “Genomic immunization in a simple method for
eliciting an immune response,” Nature 356: 152-154 (1992).
Ugen et al., “DNA Inoculation as Novel Vaccination Method
against Human Retroviruses with Rheumatic Disease Asso-
ciations,” Immunol. Res. 13:154-162 (1995).

Ulmer and Liu, “ELI’s coming: expression library immuni-
zation and vaccine antigen discovery,” Trends in Microbi-
ology 170: 4(5): 169-171 (1996).

Ulmer et al., “Heterologous Protection Against Influenza by
DNA Encoding a Viral Protein,” Science 259: 1745-1749
(1993).

Wang et al., “DNA Inoculation Induces Cross Clade Anti—
HIV-1 Responses,” Annals of the New York Academy of
science, vol. 772 (1995).

Wang, et al., “Gene inoculation generates immune responses
against human immunodeficiency virus type 1,” Proc. Natl.
Acad. Sci. USA 90:4156—4160 (1993).

Williams et al., “Genetic Infection Induces Protective In
Vivo Immune Responses,” DNA and Cell Biology 12(8):
675-683 (1993).

Williams et al., “Immunotherapeutic Strategies Targeting
Rheumatoid Synovial T-Cell Receptors DNA Inoculation,”
Immunol. Res. 13: 145-153 (1994).

Xiang and Ertl, “A simple method to test the ability of
individual viral proteins to induce immune responses,” J. of
Virological Methods 47: 103-116 (1994).

Zanelli et al., “Epitope Mapping of Human Thyroid Peroxi-
dase Defined Seven Epitopes Recognized by Sera from
Patients with Thyroid Pathologies,” Cell. and Mole. Biol.
39(5): 491-501 (1993).

Barrett et al., “Genotypic analysis of multiple loci in somatic
cells by whole genome amplification,” Nuc. Acids Res.,
23(17):3488-3492 (1995).

Crameri et al., “Improved Green Fluorescent Protein by
Molecular Evolution Using DNA Shuffling,” Nature Bio-
technology, 14:315-319 (Mar. 14, 1996).

Crameri et al., “Combinatorial Multiple Cassette Mutagen-
esis Creates All the Permutations of Mutant and Wild—Type
Sequences”, Biotechniques, 18(2): 194-196 (Feb. 1, 1995).
Crameri et al., “Construction and evolution of antibody—ph-
age libraries by DNA shuffling”, Nature Medicine, 2(1):
100-102 (Jan. 1996).

De Vries et al., “Extension of bacteriophage A host range:
Selection, cloning, and characterization of a constitutive A
receptor gene,” Proc. Natl. Acad. Sci. USA, 81:6080-6084
(Oct. 1984).

Jensen et al., “Programmed cell death in bacteria: proteic
plasmid stabilization systems,” Molecular Microbio.,
17(2):205-210 (1995).



US 6,391,552 B2
Page 3

Levichkin et al., “A New Approach to Construction of
Hybrid Genes: Homolog Recombination Method,” Molecu-
lar Biology, 29(5), part 1:572-577 (1995).

Stemmer, “DNA Shuffling by Random Fragmentation and
Reassembly: In Vitro Recombination for Molecular Evolu-
tion,” Proc. Natl. Acad. Sci. USA, 91(22):10747-10751
(1994).

Stemmer, “Rapid Evolution of a Protein in Vitro by DNA
Shuffling,” Nature, 370:389-391 (1994).

Stemmer, “Searching Sequence Space, Using recombination
to search more efficiently and thoroughly instead of making
bigger combinatorial libraries,” Biotechnology, 13:549-553
(1995).

Stemmer et al., “Single-Step Assembly Of A Gene And
Entire Plasmid From Large Numbers Of Oligodeoxyribo-
nucleotides,” Gene, 164(1):49-53 (1995).

Stemmer, “The Evolution of Molecular Computation,” Sci-
ence, 270(5241):1510 (1995).

Williams, et al., “The Haemophilus influenzae sxy—1 Muta-
tion Is in a Newly Identified Gene Essential for Compe-
tence,” Journal of Bacteriology, 176(22):6789-6794 (Nov.
1994).

Opposition by Diversa Corp. to Australian Patent Applica-
tion Acceptance No. 729505: Statement of Grounds and
Particulars (Aug. 1, 2001).

Asoh S, Lee—-Kwon W., Mouradian MM, Nirenberg M.
(1994) Selection of DNA clones with enhancer sequences.
Proc Natl Acad Sci USA, 91(15):6982—-6.

Barten R, Lill H. (1995) DNA-uptake in the naturally
competent cyanobacterium, Synechocytis sp. PCC 6803,
FEMS Microbiology Letters, 129:83-88.

Beaulieu M, Levesque E., Hum DW, Belanger A. (1996)
Isolation and characterization of a novel cDNA encoding a
human UDP-glucuronosyltransferase active on C19 ste-
roids. J. Biol. Chem, 271(37):22855-62.

Biswas GD, Lacks SA, Sparling PF. (1989) Transformation—
deficient mutants of piliated Neisseria gonorrhoeae. J. Bac-
teriol, 171(2):657-664.

Boizet B, Flickinger JL, Chassy BM. (1988) Transfection of
Lactobacillus  bulgaricus protoplasts by bacteriophage
DNA, Appl Environ Microbiol, 54(12):3014-8.

Chandler MS. (1992) The gene encoding cAMP receptor
protein is required for competence development in Haemo-
philus influenzae Rd., Proc Natl Acad Sci USA,
89(5):1626-30.

Chatterjee N, Zou C., Osterman JC, Gupta NI, (1997)
Cloning and characterization of the promoter region of a
gene encoding a 67-kDa glycoprotein, J Biol Chem,
272(19):12692-8.

Chu G, Hayakaw H, Berg P. (1987) Electroportation for the
efficient transfection of mammalian cells with DNA, Nucleic
Acids Res. 15(3):1311-1326.

Chung, CT: Miller R.H. (1993) Preparation and storage of
competent Escherichia coli cells, Methods in Enzymology,
218:621-7.

Chung, CT: Miller R.H. (1988) A rapid and convenient
method for preparation and storage of competent bacterial
cells, Nucleic Acids Research, 16(8):3580.

Chung CT, Niemela SL, Miller RH, (1989) One—step prepa-
ration of competent Escherichia coli: transformation and
storage of bacterial cells in the same solution, Proc Natl
Acad Sci USA, 86(7):2172-5.

Chung SH, Takai Y, Hoiz RW, (1995) Evidence that the
Rab3a-binding protein, rabphijin3a, enhances regulated
secretion. Studies in adrenal chromaffin cells, J Biol Chem,
270(28):16714-8.

Chung YS, Dubnau D. (1998) All seven comG open reading
frames are required for DNA binding during transformation
of competent Bacillus subtilis, J Bacteriol, 180(1):41-5.
Cohen, SN, Chang AC, Hsu L. (1972) Nonchromosomal
antibiotic resistance in bacteria: genetic transformation of
Escherichia coli by R—factor DNA, Proc Natl Acad Sci USA,
69(8):2110-4.

Dagert M, Ehrlich SD, (1979) Prolonged incubation in
calcium chloride improves the competence of Fscerichia
coli cells, Gene, 6(1):23-8.

Dower WIJ, Miller JE, Ragsdale CW, (1988) High efficiency
transformation of E. coli by high voltage electroporation,
Nuclei Acids Res. 16(13):6127-45.

D’Souza C, Nakuno MM, Zuber P. (1994) Identification of
comS, a gene of the srfA operon that regulates the estab-
lishment of genetic competence in Bacillus Subtilis, Proc
Natl Acad Sci USA, 91(20):9397-401.

Dubnau D. (1991) Genetic competence in Bacillus subtilis,
Microbiol Rev, 55(3):395-424.

Dubnau D. (1999) DNA uptake in bacteria, Annu Rev
Microbiol, 53:217-44, Review.

Fiedler S., Wirth R. (1988) Transformation of bacteria with
plasmid DNA by electroporation, Anal Biochem.
170(1):38—44.

Fleischmann RD, Adams MD, White O, Clayton RA, Kirk-
ness EF, Kerlavage AR, Bult CJ, Tomb JE, Dougherty BA,
Merrick JM, et al. (1995) Whole—genome random sequenc-
ing and assembly of Haemophilus influenzae Rd., Science,
269(5223):496-512.

Fromm M, Taylor LP, Walbot V. (1985) Expression of genes
transferred into monocot and dicot plant cells by electropo-
ration, Proc Natl Acad Sci USA, 82(17):5824-8.

Fujisawa H, Yamagishi M, Minagawa T. (1980) In vitro
formation of the concatemeric DNA of bacteriophase T3 and
its biological activity in the in vitro packaging reaction,
Virology, 101(2):327-34.

Graves—Woodward KL, Gottlieb J, Challberg MD, Weller
SK (1997) Biochemical analyses of mutations in the HSV-1
belicase—primase that alter ATP hydrolysis, DNA unwind-
ing, and coupling between hydrolysis and unwinding, J Bio!
Chem, 272(7):4623-30.

Guan G, Jiang G, Koch RL, Shechter I., (1995) Molecular
cloning and functional analysis of the promoter of the

human  squalene synthase gene,J Biol Chem,
270(37):21958-65.

Guiney DG, (1982) Host range of conjugation and replica-
tion functions of the Escherichia coli sex plasmid Flac.
Comparison with the broad host-range plasmid RK2,J Mol
Biol, 162(3):699-703.

Gwin ML, Ramanathan R, Smith HO, Tomb JF, (1998) A
new transformation—deficient mutant of Haemophilis influ-
enzae Rd with normal DNA wuptake, J Bacteriol,
180(3):746-8.

Haas R, Meyer TF, van Putten JP, (1993) Aflagellated
mutants of Helicobactor pylori generated by genetic trans-
formation of naturally competent strains using transposon
shuttle mutagenesis, Mol Microbiol, 8(4):753—60.



US 6,391,552 B2
Page 4

Hamaguchi M, Sakamoto H, Tsuruta H, Sasaki H, Muto T,
Sugimura T, Terada M., (1992) Establishment of a highly
sensitive and specific exon—trapping system, Proc Natl Acad
Sci USA, 89(20):9779-83.

Hanahan D, Meselson M. (1983) Plasmid screening at high
colony density, Methods Enzymol, 100:333-42.

Hanahan D. (1983) Studies on transformation of Escheri-
chia coli with plasmids, J Mol Biol. (166(4): 557-80.

Hara N, Futo S, Sekiguchi S, Tsutsui M, Tonosaki Y,
Fukuchi A., (1988) A new method to obtain high DNA
transformation efficiency of E. coli competent cells, Nucleic
Acids Research, 16 (17) 8727.

Harlander, SK, (1987) Transformation of Streptococcus lac-
tis by electroporation. In Streptococcal genetics (ed. J.
Ferretti and R. Curtiss IIT), p. 229-233, American Society for
Microbiology, Washington, D.C.

Harvarstein LS, Coomaraswamy G, Morrison DA, (1995)
An unmodified hepradecapeptide pheromone induces com-
petence for genetic transformation in Streptococcus pneu-
moniae, Proc Natl Acad Sci USA, 92(24):11140.-11144.

Henegan PN, (1996) Preparing ultra—competent Escherichia
coli, TIBS, 21:75-76.

Hengen PN, (1994) Methods and reagents. Better competent
cells and DNA polymerase contaminants, Trends in Bio-
chemical Sciences, 19(10):426-7.

Inamine GS, Dubnau D., (1995) ComEA, a Bacillus subtilis
integral membrane protein required for genetic transforma-
tion, is needed for both DNA binding and transport, J.
Bacteriol, 177(11):3045-51.

Jensen RB, Gerdes K. (1995) Programmed cell death in
bacteria:Mol Microbiol 17(2):205-10. Review.

Kahn ME Smith HO (1984) Transformation in Haemophi-
lus: a problem in membrane biology, J Member Biol,
81(2):89-103.

Kong L, Dabnau D., (1994) Regulation of competence—spe-
cific gene expression by Mec—mediated protein—protein
interaction in Bacillus subtilis, Proc Natl Acad Sci USA,
91(13):5793-17.

Kushner, SR: An improved method for transformation of
Escherichia coli with ColEl—-derived plasmids. In Genetic
Engineering: Proceedings of the international Symposium
on Genetic Engineering, Milan, Mar. 1978 (ed. H-W. Boyer
and S. Nicosia), p. 17.-23 Elsevier, Amsterdam.

Liu HY, Rashidbaigi A., (1990) Comparison of various
competent cell preparation methods for high efficiency DNA
transformation, Biotechniques, 8(1):21,24-5.

Lopez A, Clave C, Capeyrou R, Lafontan V, Trombe MC,
(1989) Ionic and energic changes at competence in the
naturally transformable bacterium Streptococcus pneumo-
niae, J Gen Microbiol, 135(8):2189-97.

Lorenz MG, Wackernagel W. (1994) Bacterial gene transfer
by natural genetic transformation in the environment, Micro-
biol Rev, 58(3):563-602.

Lunsford RD, Roble AG, (1997) comYA, a gene similiar to
comGA of Bacillus subtilis, is essential for competence—fac-
tor—dependent DNA transformation in Streptococcus gordo-
nii, J Bacteriol, 179(10):3122-6.

Mandel M, Higa A, (1970) Calcium—dependent bacterioph-
age DNA infection, J Mol Biol, 53(1):159-62.

Masker WE, Kuemmerle NB, Allison DP, (1978) In vitro
packaging of bacteriophate T7 DNA synthesized in vitro,/
Virol, 27(1)149-63.

McCormac AC, Elliot MC, Chen DF, (1998) A simple
method for the production of highly competent cells of
Agrobacterium for transformation via electroporation,
Molecular Biotechnology, 9(2):155-9..

Mercenier A, Chassy BM, (1988) Strategies for the devel-
opment of bacterial transformation systems, Biochimie,
70(4):503-17.

Miller JE, Dower WJ, Tompkins LS, (1988) High—voltage
electroporation of bacteria: genetic transformation of
Campylobacter jejuni with plasmid DNA, Proc Natl Acad
Sci USA, 85(3):856-60.

Msadek T, Kunst F, Rapoport G., (1994) MecB of Bacillus
subtilis, a member of the ClpC ATPase family, is a pleio-
tropic regulator controlling competence gene expression and
growth at high temperature, Proc Natl Acad Sci USA,
91(13):5788-92.

Nakata Y, Tang X, Yokoyama KK, (1997) Preparation of
competent cells for high—efficiency plasmid transformation
of Escherichia coli, Methods in Molecular Biology,
69:129-37.

Nedenskov—Sorensen P, Bukholm G, Bovre K., (1990)
Natural competence for genetic transformation in Campy-
lobacter pylori, J Infect Dis, 161(2):365-6.

Neumann E, chaefer—Ridder M, Wang Y, Hofschneider PH,
(1982) Gene transfer into mouse lyoma cells by electropo-
ration in high electric fields, EMBO, 1(7):841-5.
Nishimura A, Morita M, Nishimura Y, Sugino Y. (1990) A
rapid and highly efficient method for preparation of com-
petent Escherichia coli cells, Nucleic Acids Research,
18(20)6169.

Norgad MV, Keem K, Monahan JJ, (1978) Factors affecting
the transformation of Escherichia coli strain chil776 by
pBR322 plasmid DNA, Gene 3(4):279-92.

Oishi M, Cosloy SD, (1972) The genetic and biochemical
basis of the transformability of Echerichia coli K12, Bio-
chem Biophys Res Commun, 49(6):1568-72.

Peng KW, Russel SJ, (1999) Viral vector targeting, Curr
Opin Biotechnol, 10(5):454-7. Review.

Pestova EV, Morrison DA, (1998) Isolation and character-
ization of three Streptococcus pnuemoniae transformation-
—specific loci by use of a lacZ reporter insertion vector, J
Bacteriol, 180(10):2701-10.

Potter H, Weir L, Leder P, (1984) Enhancer—dependent
expression of human kappa immunoglobulin genes intro-
duced into mouse pre-B lymphocytes by electroporation,
Proc Natl Acad Sci USA, 81(22):7161-5.

Powell, IB., M.G. Achen, AJ Hillier, B.E. Davidson, (1988)
A simple and rapid method for genetic transformation of
lactic streptococci by electroporation, Appl. Environ, Micro-
biol, 54:655.

Redfield RJ, Schrag MR, Dean AM, (1997) The evolution of
bacterial transformation: sex with poor relations, Genetics,
146(1)27-38.

Redfield RJ, (1993) Genes for breakfast: the have—y-
our—cake—and—eat—it—too of bacterial transformation, J.
Hered, 84(5):400-4.

Rudel T, Facius D, Barten R, Scheuerpflug I, Nonnenmacher
E, Meyer TF, (1995) Role of pili and the phase—variable PilC
protein in natural competence for transformation of Neis-
seria gonorrhoeae, Proc Natl Acad Sci USA, Proc Natl Acad
Sci USA, 92(17):7986-90.



US 6,391,552 B2
Page 5

Saunders NJ, Hood DW, Moxon ER, (1999) Bacterial evo-
lution: bacteria play pass the gene, Curr Biol, 9(5): R180-3.
Review.

Solomon JM, Grossman AD, (1996) Who’s competent and
when: regulation of natureal genetic competence in bacteria,
Trends Genet, 12(4):150-5. Review.

Somkuti, G.A., d.h. Steinberg, (1987) Genetic transforma-
tion of Streptococcus thermophilis by electroporation, Proc.
4" Eur. Cong. Biotechnology, 1:412.

Strobel E, Behnish W, Schmieger H. (1984) In vitro pack-
aging of mature phage DNA by Salmonella phage P22,
Virology, 133(1):158-65.

Taketo A. (1988) DNA transfection of Escherichia coli by
electroporation, Biochem Biophys Acta, 949(3):318-24.

Tang X, Nakata Y, Li H. O., Zhang M., Gao H, Fujita A.
Sakatsume O, Ohta T, Yokoyama K. (1994) The optimiza-
tion of preparations of competent cells for transformation of
E. coli, Nucleic Acids Research, 22(14):2857-8.

Tomb JF, (1992) A periplasmic protein disulfide oxidoreduc-
tase is required for transformation of Haemophilus influen-
zae Rd., Proc Natl Acad Sci USA,89(21):10252-6.

Wagner E. Zatloukal K, Cotton M, Kirlappos H, Mechtler K,
Curiel DT, Birnstiel ML, (1992) Coupling of adenovirus to
transferrin—polylysine/DNA complexes greatly enhances
receptor—mediated gene delivery and expression of trans-
fected genes, Proc Natl Acad Sci USA, 89(13):6099-103.



U.S. Patent May 21, 2002 Sheet 1 of 9 US 6,391,552 B2

POOL OF RELATED SEQUENCES

X
K
K
K

.« x A % PANEL A
RANDOM
FRAGMENTATION
X — XXX
XX *
—_ XA X
—-— % — e
X x. x PANEL B
REPEAT FOR REASSEMBLE
MULTIPLE FRAGMENTS
GYCLES o XXX
Xl X

X X
T T T L e

‘ LIBRARY OF
RECOMBINANTS

S S— — PANEL D

SELECT BEST
RECOMBINANTS

A SR VIR VE VI VI Y S VRV S VI VTV IV

FIG. [



U.S. Patent May 21, 2002 Sheet 2 of 9 US 6,391,552 B2

FUNCTIONAL SELECTION

CELL CULTURE

PLASMID COMPETENT
SEGREGATION ~ CELLS

MULTIPLE
PLASMIDS
PER GELL

PLASMID RECOMBINATION

Fl6. 2.



U.S. Patent May 21, 2002 Sheet 3 of 9 US 6,391,552 B2

GELLS EXPRESSING A LIBRARY OF GOMPETENGE GENES

Lc‘i") D G

INTRODUGE MARKER (LE. DRUG™ ) UNDER
DESIRED COMPETENCE REGIME AND
SELECT OR SCREEN FOR MARKER

SELECTED

MARKER
SELECTED GENE
COMPETENCE
GENE

ENRICHMENT FOR CELLS GONTAINING THE BEST COMPETENCE GENES

F1G. 3.



U.S. Patent May 21, 2002 Sheet 4 of 9 US 6,391,552 B2

LIBRARY OF VEGTORS

GONTAINING DIFFERENT
DNA UPTAKE SEQUENCES RECIPIENT CELLS

()
SERpe—
TRANSFECT AND SELECT OR

SCREEN FOR MARKER

SURVIVING GELLS ENRIGHED
FOR BEST DNA UPTAKE
SEQUENCES

FlG. 4.




U.S. Patent May 21, 2002 Sheet 5 of 9 US 6,391,552 B2

CELL

| LiBRaRY OF
C_—:-_—) RECEPTOR
| vARIANTS

AY

™\ CHRONOSONE WITH

/ VARIANT SEGMENT

NFECT_ L/ OF GENES ASSOCIA-

- )/ TED WITH VIRAL
INFECTION

REGEPTOR

MARKER

&
C—-—:}-—)

SELECT FORX MARKER

NARKER <

-¥—
o> C—

C(:Dj

BEST VIRAL REGEPTOR GENE
AND OTHER GENES ASSOCIATED
WITH VIRAL INFECTION

FIG. 5A.




U.S. Patent May 21, 2002 Sheet 6 of 9 US 6,391,552 B2
GELL
RECEPTOR
LIBRARY OF
 C— RECEPTOR
——— VARIANTS
" CHRONDSONE T
MARKER %EGDEI‘J"ESHASSOGI-
— ITH VIRAL
CIWFECT_ /| WeECTION
T
SELECT FOR~SURFACE MARKER
VIRAL Prwrem};L LABEL
_— ) x LABEL
(> ‘ ANTIBODY OR
_C*— RECEPTOR
—
[:> e
racs™ soar/

BEST VIRAL RECEPTOR GENE AND OTHER GENES
ASSOCIATED WITH VIRAL INFECTION

FIG. 5B.



U.S. Patent May 21, 2002 Sheet 7 of 9
MARKER
EVOLVED
GENE
CELLS

MARKER
\ _
INFECT RECIPIENT CELLS
AND SELECT FOR MARKER
MARKER

FIG. 6A.

US 6,391,552 B2

Cam D

GELLS CONTAINING VIRAL GENOME
WITH BEST EVOLVED GENES



U.S. Patent May 21, 2002 Sheet 8 of 9 US 6,391,552 B2

EVOLVED
GENE

INFECT RECIPIENT GELLS
CELLS

|

HARVEST VIRAL PROGENY

l

ENRICHMENT FOR VIRUSES HAVING THE BEST
GENES FOR PRODUCTIVE INFECTION

Fl6. 685.



U.S. Patent

CELLS WITH TRA LIBRARY

TRA\ GENES

May 21, 2002 Sheet 9 of 9

GONJUGATE WITH
SECOND COLLECTION
OF CELLS EXPRESSING
SECOND MARKER

\

“FIRST MARKER

FlG. 7.

US 6,391,552 B2

\
SECOND MARKER

SELEGT FOR FIRST AND
SECOND MARKERS

ENRICHMENT FOR CELLS WITH
BEST TRA GENES






	Bibliography
	Abstract
	Drawings

