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TABLE 1. Naturally transformable prokaryotic species”

Species isclated from terrestrial

Transformation frequency

s \ chromosomal marker  Reference(s
or aquatic habitats tr:(ansformants/viable cell) ©
Phototithotrophic
Agmenellum quadruplicatum 4.3 x 10"* 342
Anacystis nidulans B.Ox 107 320
Chiorobium limicola 1.0 x 10~° 258
Nostoe muscorum 1.2x1073 368
Synechocystis sp. strain 6803 5.0x107¢ 115
Synechocystis sp. strain OL50 20 x107* 206
Chemolithotrophic
Thiobacillus thiopars 10731072 394
Thiobacillus sp. strain Y 1.7 % 1072 394
Heterotrophic
Achromobacter spp. +* 156
Acinetobacter calcoaceticus 7.0 % 107° 158
Azotobacter vineiandii 9.5 x 102 263
Bacillus subtilis 3.5 %1072 246
Bacillus licgheniformis 1.2x 1072 102
Deinococcus (Micrococcus) 2.1 %1072 365
radiodurans
Lactobacillus lactis 2.3 x 1073 138
Mycobacterium smegmatis 1077-1076 250
Pseudomonas stutzeri (and 7.0 % 1073 38
related species)
Rhizobivum meliloti 7.0 x 10"4 59
Streptomyces spp. +¢ 299
Thermoactinomyces vulgaris 2.7 % 1073 141
Thermus thermophilus 10x 1072 173a
Thermus flavus 8.8 x 102 173a
Thermus caldophilus 27 %1072 173a
Thermus aquaticus 6.4 x 107 173a
Vibrio sp, strain D19 2.0 x 107 149
Vibrio sp. strain WIT-1C* 2.5 X 107% 93
Vibrio parahaemalyticus 1.9 x 107% 93
Methylotrophic
Methylobacterium C53x107? 255
organophilum
Archaebacteria
Methanobacterium 4+ 393
thermoautotrophicum
Methanococcus voltae 80 x 1078 22
Clinical isolates of pathogenic
species )
Campyiobacter jejuni 20x 107 386
Campylobacter coli 1.2 x 1072 386
Haemophilus influenzae 7.0 %1073 218
Haemaophilus parainfluenzae 8.6 1073 118
Helicobacter pyiori 50x 107 122
Moraxella spp. +6 154-157
Nelisseria gonorrhoeae 1.0 % 10™* 218
Neisseria meningitidis 1.1 x10°? 41
Staphylococcus aureus 5.5% 1078 306
Streptococcus preumoniae 29% 1072 178
Streptococcus sanguis 2.0x 1072 19
Streptococcus mutans 7.0 x107¢ 315

“ Modified from reference 200.

# Qualitative determination (streaking on selective medium follomng plate

transformation [158]).
¢ Measurement of uptake of tritium-labeled DNA.
“ A high-frequency-of-transformation mutant of DI9.
¢ Plasmid-encoded antibiotic resistance marker.
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F2. BALTEBROME

k7S K/ BB HIEEE &G
Acinetobacter sp. ATCC33304 (BD4) 6 1 g/ml BHI*
Acinetobacter sp. ATCC33305 (BD413) 6 u g/ml BHI
Bacillus subtilis ATCC39620 (PSL1) 3 g/mt TSB*
Streptococcus gordonii (sanguis) ATCC37105 200 ¢ g/mt THB*
Streptococcus mutans ATCCT700601 (UA130) 3 pg/ml THB
Streptococcus pneumoniae ATCC11733 (R36A) 25 u g/ml THB
Streptococcus pneumoniae ATCC27336 (R36arough) 25 u g/ml THB

*BHI: brain heart infusion
TSB: trypticase soy broth
THB: Todd Hewitt brothz

Exposure

AVAV VALV V™

Uptake of DNA

‘ Restriction Nutrients ‘.3
1l G

Recombination \ Degradation / Recircularization
T 7
Plasmids
Mutations
Chromosorme Rearrangements

\

Expression

Bacterium

Selection

v

Environmental impact ?

Fig. |. Proposed fate of DNA exposed to bacterial cells expressing competence for uptake of DNA. The sieps thought to be of impar-
tance for natural transformation of bacteria with genetically modified plant DNA are further described in Sections 3.1-3.5.
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Figure. I. A proposed fate of DNA released into soil from Bhatih (4) AT N4 EDNA

decaying celis (NicEen etal, 1998). i DHEMENTOBENTICRE IR
B2, LHTRICE L DNADE A, L (5) M D3A% N7-DNADIGHEAMIE

(HRI6) & 0 B1) MHIATREL (6) BRLEBENE

Extracellular DNA in soil

S VVVIN

L N

Degradation <— Inactivation +—— Stabilization — Amplification

A
2\ N
N g o
Fragmentation of Biological inactivation Binding of DNA to Uptake, integration (or
DNA by enzymes of DNA by binding to clay particles in soil recircularization) and
{exo/endo-nucleases) soil substances like - replication of DNA by
or by physical shearing  humic acids . transformable bacteria

fig. 2. Fate of DNA released into the soil environment. Most DNA released into soil is probably rapidly degraded by exogenous nucle-
ses released by microorganisms. However, persistence of DNA in soil lor extended periods has been shown [107-1171.
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2REHRNROMEY
FEFENROMAEMIS, Food Biotechnology (Y.H.Hui ) IWHEN TS, &I
BENH L TROP i S ZHETOMENEMROMFEL .

F2. HEWMANROMEY
P#
Pichia pastoris
Pichia polmorpha
Pichia satoi
Pichia stipitis
Podospora anserina
Propionibacterium acnes
Propionibacterium avidum
Propionibacterium acidipropionici
Propionibacterium freudenreichii
Propionibacterium granulosum
Propionibacterium italicum
Propionibacterium jensenii
Propionibacterium lymphophilum
Propionibacterium shermanii
Propionibacterium thermasphacta
Propionibacterium thoenii
Proteus rettgeri
Pseudomonas aeruginosa
Pseudomonas cepacia
Pseudomonas elodea
Pseudomonas fluorescens
Pseudomonas fragi
Pseudomonas pentosaceous
Pseudomonas putida
Pseudomonas putrefaciens
Pullularia fermentans
Pullularia pullulans
Pyrococcus furiosus
R#
Rhizobium meliloti
Rhizomucor meihei
Rhizomucor pusilus
Rhizomucor tauricus

Rhizopus achlamydosporus
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Rhizopus acrhizus
Rhizopus bahrnensis
Rhizopus batatus
Rhizopus boreas
Rhizopus chinensis
Rhizopus chungkuoensis
Rhizopus delemar
Rhizopus delemar var, minimus
Rhizopus formosaensis
Rhizopus fusiformis
Rhizopus hangchao
Rhizopus homothallicus
Rhizopus japonicus

Rhizopus javanicus

Rhizopus javanicus var. hawasakiensis

Rhizopus kansanemsis
Rhizopus liquefaciens
Rhizopus maydis
Rhizopus microsporus
Rhizopus nigricans
Rhizopus niveus
Rhizopus nodosus
Rhizopus norvegious
Rhizopus oligosporus
Rhizopus oryzae
Rhizopus peka

Rhizopus pseudochinensis
Rhizopus rhizopediformis
Rhizopus semarangensis
Rhizopus shangheiensis
Rhizopus sontii
Rhizopus stolonifer
Rhizopus suinus
Rhizopus thermosus
Rhizopus tonkinenis
Rhizopus tritici
Rhizopus usamii
Rhodococcus fascians

Rhodotorula glutinis

S#
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Saccharobacillus pastorianus
Saccharomyces bayanus
Saccharomyces carisbergensis
Saccharomyces cerevisiae
Saccharomyces chevalieri
Saccharomyces diasticus
Saccharomyces exiguus
Saccharomyces fibuliger
Saccharomyces italicus
Saccharomyces lactis
Saccharomyces rosei
Saccharomyces rouxii
Saccharomyces servazzi
Saccharontyces unisporus
Saccharomyces uvarum
Saccharomyces uvarum (carisbergensis)
Saccharomycopsis fibuligera
Saccharomycopsis lipolytica
Salmonella typhimurium
Sarcina lutea

Sarcina ventriculi
Schizophyllum commune
Schizosaccharomyces pombe
Schwanniomyces occidentalis
Sclerotivm rolfsii

Serratia marcescens
Staphilococcus hyicus
Staphylococcus aureus
Staphylococcus staphylolyticus
Streptococcus bovis
Streptococcus cremoris
Streptococcus faecalis
Streptococcus lactis
Streptococcus pyogenes
Streptococcus salivarus
Streptococcus sanguinis
Streptococcus thermophilus
Streptomyces hygroscopicus

Streptomyces lividans

T#
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Taxomyces andreanae
Thermococcus litoralis
Tolypocladium geodes
Torulaspora delbrueckii
Torulopsis colliculosa
Torulopsis etchellsis
Torulopsis versatilis
Torulopsis holmii
Torulopsis magnoliae
Torulopsis glabrata
Torulopsis utilis
Tremella mesenterica
Trichoderma reesei
Trichoderma viride
Trichoderma margaritiferum
Trichosporon cutaneum
U#E
Ustilago maydis
XE
Xanthomonas campestris
Xanthomonas campestris pv. juglandis
Y#
 Yarrowia lipolytica
Yersinia enterocolitica
ZH
Zygosaccharomyces rouxii

Zymomenas mobilis

3REYRBMICBUBINAFT 7 /00— 0RAICET 2 MEORE

WAEMTBIIBTANAFT0 /0l —OIBIZETA2XMEOREICH LD, £9F
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D FHROPAE
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o7z,

OF—7—R

Abtsidia glaurca & Acetobacter aceti iZ2DW T, ¥4 ML ETHEHL., ECHKE25 7
Ry FLZ. ZNSIZDWT, ¥4 MLEITBHL., ThFhicERodb s+ —T—
REMEULER, ROXSITRTF-T-FERET DI LK T, BERANT, A1 D
DEETHRENTELIENMHAL, 230F—U—FOBRRPBIELLS, FELZDORHX
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NEATHWENWI Ehbha Tz,

#3. F—U—FR
GENETIC?
RECOMBINA?
VECTOR?
TRANSFORM?
TISSUE CULTURE
CELL FUSION
BIOREACTOR

DBRENFE 7 FOER

DIALOG. CA. BLTNIOIS DN ERBIRTB5h%E, TR ZEL .

D DNA ZHICEYD. FHAEAT-o7-. DNAKET 5B LZOXHEIL. DIALOG
1 11,000,000 #. CA 1E 1,000,000 #:. JOIS X 10,000 - TH - 7=

QXHRED 5. DIALOG & CA ZHMBED—KIEM & Uiz, (JOIS I DIALOG 2 & EN D)
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i) DIALOG 1%, BAZENTWA 771l (FH) B624LE20WDT TORIIER
AEERFEHNDZEME. CADTZ 710 (BE) 2339 97T, vz,
TEETHNECAEZEATA I LEL, RESEMAEY Y X O Abtsidia glaurca
& Acetobacter aceti L DWW THEE{TH/=& 5, DIALOG TOMEREIL, 257 #

CA TOBREIL, 48 TH-oH7.

DELERENS, CA TR TR THEIENSMD,. DIALOG THERETDI I &I

Lz

I)DIALOG IZ X - BRRICEATI 77 1)L (FHE) OBER ,
DIALOG I2id. 6 2407 71 IANHHIEMS. NA1FF &/ nP—LAGICE%

THEEDLND 771N ERET DI FHOFLEETL, RS zBALER. KITR

TIT774 R TESIC, FERICHTZZEMHBHALEOT. £4IZLDLET 7 TILER

Wiz,

x4. mERT771-

AGRICOLA 70-1998
AGRIS 1974-1998

BIOSIS PREVIEWS(R)  1969-1998

Bio Business(R)  1985-1998

Biocommerce Abs, & Dir. 1981-1998

Biol. & Agric. Index  1983-1998
CA SEARCH(R) 1967-1998
CAB Abstracts 1972-1998



CHEMTOX(R) Online 1998
CLAIMS (R) /US Patent  1950-98
CRIS/USDA 1998

Chem Eng & Biotec Abs 1970-1998
Chemical Safety NewsBase 1981-1998
Current BioTech Abs 1983-1998
Derwent Biotechnology Abs 1982-1998
EMBASE 1974-1998

EUROPEAN PATENTS 1978-1998
Food Science & Technology  1972-1998
Food sci.&Tech. Abs  1969-1998

Foods Adlibra (TM) 1974-1998
Inside Conferences  1993-1998
JICST-EPlus 1985-1998

Life Sciences Collection 1982-1998
MEDLINE(R)  1966-1998
McGraw-Hill Publications 1985-1998
Occ. Saf. & Hth. = 1973-1998
PHARMACEUTICAL NEWS INDEX  1974-1998
Pascal  1973-1998

Pesticide Fact File 1997

RTECS 1998

Sci Search (R) Cited Ref Sci  1988-1998
Scisearch (R) Cited Ref Sci  1974-1998
Toxline (R) 1965-1998

Wilson Appl. Sci & Tech Abs 1993-1998
World Patent Endex

World Transl. Index 1979-1997
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