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Pseudomonas 770l J{M R, Plasmid ES50]| 2|5t y-ray ft4i&&

=
E

Asojehi x4 vete ot A stett
(1989, 7. 16 E4)

Ps. geruginosa 2] DNA repair 7|5 2&¥0]39) rec”, Her™ 218l R931 plasmid & 7}
#“ R, (Carbenicillin, Kanamycin, Streptomycin) plasmid transconjugants 7¥ R, plasmid
o oJair y A W EAWol (4NQO, NTG) ol WslME WS T4 =5 HESon
W ARl oie WAE 7)tE slvstauzt fick a2]a, DNA repair 7]l *}%0} DNA
polymerase ] AAtell #d3te FH27E R, plasmidel code ¥o] Q&A1& HEsY ohexn 7t
2 dus dAUt

1) Ps. aeruginosa PAO 52l R, plasmid transconjugants & R, plasmid &5l 2la 2}
oM, A L BAdolo] e YAS HFoetor} transconjugants 5o Wt ohE £ H{9)
g dsrt Aok

2) R, plasimd transconjugants & Her™ % Her*® 755 R, plasmid #3of 28 UV ol o)
&A= shoulder ¥ slope 9] W3lE Salo] WAS Fogigron} y Mol dafiA+s Her+ 3#341o]
Mepgzbatide] shoulder & %3t Ulde Foubotn, HEAWlA ( ANQO, NTG) ol thshAe
Her- o33t W& Hojrbeteh

3) R, plamid ¥ rec- @5 Wi WAS sl o ma &3m0 rec gene o] AMYst
= JRE 72ta A %o R, plasmid 2 HA #4379 rec gene product 7} #ladlo] A
AP Ak,

4) R, plasmid g 50l 93t DNA polymerase | H4h §38] 4557 drh et R,
plasmid &Eo] 23 WAZS4S rec dependent 2l DNA SOS repair mechanism o] 9& 7}
%"é% ot obz B4R fdrt

) 2k A] plasmid o] FEo 8 74}9]’“ 92 WA s dojuths AMEE o g AE W
-?l Aol Aol WAL Aty o) 4 % FalA plasmid & o] &% A F ik M Sl
FAde] g HERACH

M B

853 plasmid B A L Hadabde] dis] fiftd e ST A vidla ka9
= Aol At}(Siccardi, 1969; Howarth, 1965; Drabble & Stoker, 1968 ; Macphee, 1972 ; Jacoby,
1974 ; Krishnapillai, 1975). Samonella 91#41¢] WA Z7}+= DNA repair mechanismo] 2r838F=
DNA polymerase ] Ajitoll #ddte #2217} plasmid o] code =)o ¢lvdal 3o} (Krishnapillai,
1975 ; Macphee, 1973, 1974). % Samonella & 143 ¥HE M43 AAM o OAN HFS 59 6
AR BHE ZAE W (14X 6) MEfbEo] AZYRR0E shoulder 7} AF 1, oM TFe 20
wie] s Hded ME 77]% HHL, DNA polymerase |3 DNA ligase 9ol 4459
g 20822 WAdsHe plasmid ol A Fefsick (Davies & Sinskey, 1973 ; Davies et al., 1973).
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Plasmid &% i3 WA sk vldgol Al At 87N FAENE FEA 4
W Anz ¥ 5 Atk Plasmidol 498 )4 A48 Adetn Aeld % PAel e
WAslrlrE AP 2Hew Aol Zba sl plasmid 7b 4914 el WHE F7hAAR

(Cho, 1984), 53| 3fEoHAl (ch. km, st} W491% Ry 493) we WAg F22 R, A

WA E original #5245 R, & PA0 38, Ps2—72, Ps 33-72, Her™ #5 ¥ R 931 & 7k
AFol 43 AEr7 £ ZolA transconjugants el E R, A=7H UV ol dis] wAds F724414
¢} (Cho, 1948b).

B omEoe Azl 2 Sdwolded aAE WAL SRR AFE HETo 2 WAL
Mojl et WAIsh1 2 aEstalk $31 DNA repair mechanism el #-&3h= DNA polymerase [
Aol BedatE §MZ7) R, plasmid ol code Ho] QlEA HEZD g B3 stuzt itk
iz 3 e
AHE-TE

B A Algd 755 Ps. aeruginosa PAO 383 okAlUld @ebd#k R,(cb. km, sty 5 712 PAO 38
/R, DNA repair 7]724<2 PAO 937 (Her )3 PAO 2003 (rec) 2|3 ofn| A Wh4dE&  Hojdhs
OEZHLH’“O]Z}}_ g7 PAO 2/R 931(St, TC. Hg) #5& X 1old A £F wUhs, PAO 937/R,, PAO
2003/R, @ PAO?%/R 931-R,%= #i# (Cho, 1984b)9lA R, plasmid 9] original @7 Ps 2 -72% FAL.
2 3 A8 %3 A& transconjugants So|th ©]& Z @59 B-broth (Okazawa & Matsuyama, 1967,
meat extract 10g, bactopepton 10g. yeast extract 5g, glucose 2¢g/H,0 1000me) HH Uyl glycerin
2 10% THA F7tsle] —80C A EEF AL A¥ol AFSHAT

y- 5 W
F#ZE2 B-broth 2 37C ol overnight ZEiFE AM2$ B-borth ol 508 24, 7174 4537,
A¥els FHE wol ehEel (Tris 2 Q4 1/30M pH=7.4) o2 23] A&, & ggalon AAL(2x 10"

/me) B & EAGY test tube o 93 Tk £F Fv]2) HHo] AXEY Ame] Mgl 3m Y ¥ 25T

A Co- ¥y zAMMEES 5.83x 10*rad/min ¢ 1. 1x10*rad/min &) B4 E o1&l At A L
ARoz F4, B-shEuAlel 0. 1med =%, 37CelM 3d widE 2t #g A5 9

AF Alg Fo] @ee) vla, FARA el e YRFAS 7o R,plasmid 5o o AR g S A8

HE

y-FRI L A K1 A7EGAE “Co- y 49 6000Ci & ol &R

Aekg =23 W E T 2 cerium AFA(ER, 1968) & whtth

BN

il

i

Zddoldl 4NQO % NTG ol e 4

[ox

4NQO (4-nitro-quinoline- 1-oxide) ¥ ethyl alcoll 2mg/m¢ & &a|A17132, NTG (N-methyl-N"-nitro-
Nitrosoguanidine) & %Mol 1mg/mé &318 5 (Kondo et al., 1976), Z4ZtllA 0. 1m¢ W& sl 2o
4.4m¢ ) Tris (pH=7.4) FFNo] H7HE, 0.5me el FAY (2 X 10°/me) & 7H2He] tube ol WS @ 4NQO
o] ZAge HEAE Tt 100 Mol NTG Y Z9E (20pg/ml) olUrh AH2i2me 30THeH AE =
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E FHa arfe T 2 Ao w sMsiA B-gHHuiAel 0. Im¢¥ £, 37CoAM 3YU HiYE &F

H
T
FE vlwstel 2APZe] me AN T R, plasmid HSol Heldolde] i HAS 71
Lz)

DNA polymerase [ &4

Ps. aeruginosa PAO 38(Hcr*), PAO 38/R.(Her*) % PAO 937 (Her™), PAO 937 Re(Her™)
Aol plasmid ol 2% (Re=cb. km. st), HAFI 9 2ol W3 E7°] Macphee, 19749 Davies & Si-
nskey, 197313 Mile} #ol DNA polymerase [ @Ad5el o 2914 opdx X2 HEH #
of 7| AlE dAwele Bob AlH(23)), &5 (Tris pH=7.4) & AFE(10°~10"/mé) & ¥, 587
283 A3 1000x g 1048 AR ojd s 2948 o8, 1F 0.9m & $F5HoR wo 253 M
Calf thymus DNA 0. lmé (final 5% 20ug/me) o) ¥o] 58(25C) %, triphosphate solution (final ¥%
100 nmol/m¢ & dGTP, dCTP, dATP ¢} 0.6nmol/mg 2] *H TTP) 0.3m¢ & @& vkS &3 EM 0, 2, 4,
6, 8,10 282 0.02m¢ & A3, cold 5% TCA & vh3-& AAAF|1, o]AL glass filter disk $o 3o,
3] & TCA 2 AlH, 95% alc 2m¢ & 3[ul MHF disk & 7%, 5mf 2 toluene scintillator (2. 5-diph-
enyloxazole (PPO scintillation, Grade Mwt=221.25) 5g+ 1. 4-bis-2- (5-phenyloxazole) -benzene
0. 3g+ 1000m¢ toluene)& olM Packard %A scintillation counter & =R gt} Desoxythymidine-5" -
triphosphate (C,0Hy; N,O,,P;Na,)v- Boehringer Mannhein GmbH o4 deoxy- CTP-3Na, deoxy- ATP-
2Na 2 deoxy-GTP-3Na + Yamasa #&ill K. KollA +-3v}.

X
2

i

¥
hil

-~

Phenol Alofn} &3 Zo] waks ofub-gbate] Atolo] Hi(Awhg3} peptide HF ] th¥F Biurete ¥hge] &
oz wlmA welde) TR o HEEE ¥k @3 ARER £2E2R o] Lowry ¥ (Lowry, 1951) &
ol &3t

Aok

1) 2% Na,CO,;(0. IN NaOH +8&4%)

2) 0.5% CuSO,-5H,0(1% F44 YEFZ) | CuSO,, FH4AL Zt7t 2ujyxe] BE galg yhEof
AHEH 1118 E3A1E

3) A1k 1)50me & AHE- Aol Al°F2) 1me o} EFE AL

4) 2% Na,CO, &89 S0me <+ A 2) Imest EEE 3L

5) Folin Alek: 4y w7l IN o] Hx2 Eg g4 (ef 24)).

PAQ 937 Her ™ 75, PAO 937/R.(Her™) #k, PAO 38 Her™ % PAO 38/R:(Her*) @39 Zt7hg 583
280 A ¥ 1000g 10% 4T Y 0.4me & Al A1A43) 3me E H/F EFetn 4L 108 WAF, Al
5) 0.3m¢ & A7} Aue] gk 3080l A 750nm oA vl H#ERTE Bovine serum albumin ¥
WA 30~300 g T ARE o83l 78 HEFANN Sl FFES AN

Z o

y-#oll tE W8S
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Table 1. Bacterial strains used

Strains Markers Source

Ps. aeruginosa

PAO 38 FP- leu-

PAO 38/R2 FP- leu. R, (Cb. St. Km) :l Nakazawa, T.
PAO 937 met-28 ilvyg; St Her-6 FP,y —

PAO 2003 arg?? 5% Cm™? rec? FP2 Krishnapillai, V.
PAO 2/RP31 Ser’® R®! (St.Tc.Hg) _

PAO 937/R2 met #® ilv¥®? St Her® FP2. R?  —

PAO 2003/R2  arg? St™° Cm™ rec’? FP?. R? Original

PAO 2/R931. R2 Ser® R*! (St.Tc.Hg). R2 —

Abbreviation of Symbols

ser = Serin Hg = Mercury

leu = leucine rec = recombination

arg = arginine Hcr = Host cell reactivation
met = methionine Tc = tetracycline

ilv. = isoleucine plus valine Cm = chloramphenical

FP = sexfactor of Ps. aeruginosa Cb = Carbenicillin

St = Streptomycin Km = Kanamycin

yAol 2§ DNA &4 2 A7} DNA At&2] Ado|22 dark repair 7]719] excision o] Q.
3+ endonuclease 7} A5 o] lo]x= DNA polymerase ©]%2] 7]%0] o™ 53 L post replica-
tion repair 715¢] A4o]W repair HB2E Her™ o35 yAdle 917H81R] &th Her™ 59!
PAO 3814 R, 9] #Sof 93] A2 F74A 71 shoulder 7} Azt AZTH(E 2, 2¥1).
I PAO 2/R931-R,dlM = WAdE7) )&l shoulder 7F 1.790 ©] WolAe (12, #2). 2&#v}Her
1 PAO9374IM 9 R,UAF 5753 PAO937/R, = 149 R.## 28 AL YeERITH183).
38]3 Her* 5% PAO38y 22 ZAL vebd Ho g R e AR excision repair (DNA poly-
merase ©]3) @ post replication repair 7150l A4 #AL & %= Yk
rec” 3¢ PAO 20039 R,EE5TY PAM 7pAd2 UV o g8 ez 948 d (a8 4). o
3ol A Her*ollA1 2] R,oll o8 WiAd Ho7}t rec ol X Hola] ode 2L rec’ gene o #dsta L
el gl Zolrh Her™ &2 rec” oA e Rl o3 Wige B3 sA ¢hokou), Her*olA
R. & 853k Zo| shoulder 7} Z7sich

ar e
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Table 2. Increase in radiation resistance by acquisition of plasmid-

Strain Markers *1010 (Krad) *Dq (Krad)
PAO 2/R931 St.Tc.Hg 4.94 2.73

PAO 2/R931.R2 $t.Tc.Hg.Cb.Km 4.94 4.42

PAQ 2003 Rec’.Cm 2.97

PAO 2003/R2 Cb.Km.St.Cm 2.97

PAO 38 3.65

PAO 38/R2 Cb.Km.St 3.65 2.27

PAO 937 Ner- 4.1

PAO 937/R2 Cb.Km.St 4.1 2.91

*D,o = dosage required to survive microbes by 10% on the exponential part of the

survival curve.

*Dg quasithreshold dose (Induction dose)

Log Survival (%)
Log Survival (%)

0.01 /| i ]

0 3.25 6.50 9.75 12.40 001 4 : L
Y-ray Dose (Krad } o 3.25 6,50 9.75 12.40
y~-ray Dose (Krad)

Fig. 1. Survival curves of PAO 38 with Fig. 2. Survival curves of PAO 2/R931
and without R2 factor after - with and without R2 factor and
irradiation; o, PAO 38; ¢, PAO 38/ PAO 38 after ~-irradiation; o,
R2. PAO 38; o, PAO2 /R931; ¢ PAO

2/R931. R2.
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4NQO % NTG o #§ R.9 H&

uloby 32 A thRE-S DNAC 4HE F0 X 4% (NTG 59 £4% E¥) &9 repair
= endonuclease = 28 8 (&40] DNA Al AuolBg)3tu= A FE2A e polymerase ©]
o] 7% glow FR3lc) Her™ % PAO 937 R & HolFd 4NQO % NTG ol disf g
& BAHTH( 1Y S5, a, b). Her* 73 PAO 38, Ps33-72 ¥ Ps 2-72°0149 R, & o|E& ®olA9

W3 WS F7A71A ST (data = HolA k).

2,

o

DNA polymerase A =3

R,ol o3 dabA, A 9 Eddold 4NQO 9 NTG o) i Wi4d¥o = DNA polymerase 1

Table 3. The reported plasmids conferred resistance to UV and enhanced mutagenesis.

Strains Plasmids Phenotype Reference
Salmonella col Ib (colicin Ib) mutation, UV 8
R-Brighton(Tc.St.Su.Pn) uv 7
R-Utrecht(Tc.Su.Pn) alkylating agents, 15
UV, 7, mutation 16,9
R-46(Amp.St.Su.Tc) mutation 14
E. coli R2(Tc.St.Su) uv 19
R-Munich(Tc.St.Su.Cm.Km) uv 7
Hfr H X-ray 1
Pseudomonas R931(St.Tc) UV. mutation 9
FP 15, FP50, FP58 UV. mutation 12
Ps. putida CAM uv 10
Peudomonas R2(Cb.St.Km) UV. 7. 4NQO, NTG 3, %)
R38(St.Tc.Hg) uv 3
R68(Km.Tc.Cb) uv 3
Ps. putida TOL uv 3
E. coli HfrC uv 3

Hfr = high frequency of

recombination Col Ib (colicin Ib)
Su = Sulfonamide TOL = Degradative plasmid
Pn = Penicillin of Toluene
Amp = Ampicillin *) in this paper
CAM = Camphor
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Yy-ray Dose (Krad) y-ray Dose (Krad)
Fig. 3. Survival curve of PAO 937 (Her") Fig. 4. Survival curve of PAO 2003
with and without R2 factor (Rec’) with and without R2
after y-irradiation. factor after y-irradiation.

o] Aol 93k AR opdAE HEFTH Her ¢l PAO 9373 PAO 937/R, 2 Her* 9 PAO 38
2 PAO 38/R, Atel9] DNA polymerase [9 49| Aol B %l%‘iﬂ 2318 HolHoH(1¥6).

g Fed Gl FuE BE 2A A FE2ART 104 538 dd YoMz Aole
Erbel=n

E B

Az ARl 213t DNA £49) double strand @ single strand A® %9 repair 7} Her™ o3
24 dark repair 7} 2 ¢ fle @50 UM E dojdtl(Kondo et al., 1970 ; Bridges & Mun-
son, 1966). &, HH single strand 9] repair 7} dojutle AL HAFEr) Ree” 5= XA 2
UVoalx 433 ov1sich. Her™ ¢! PAO 9378 UV ol 9% pyrimidine dimer ¢ ¥ Q3% endo-
nuclease 7} §1oJA] dimer & A AEA] &) UV ol 4%3 wigsht R, plasmid &  #Egtog s
UVl tig Wgdo] 43k (Cho, 1984b). 12iv} y Aol o8] Hdbel DNAALES endonudease
7} §lo1X repair HEZ y o= w7sA ¢ow R, plasmid 2 853 PAO937/R, 3= R,
5o 22 g HAh oA HlF R,JAARE 5% Her™ F5w UV 2 y Ao dis) A&
FAMAH

R 931(Sm. Tc. Hg) 1Ate}t R, AAE FEAZRES W A5ES ¥ ol 2™ 22U compatibilty,
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incompatibility + plasmid &) 7| 2&¢) zjo}7]7et o] lo 2% #9] plasmid 7} 22 AE e
rdalA FEE u 4] FAAo 7l el 21 compatibility o)W, M2 g2& FH o]y
TE 7HE e M=z ﬂﬁﬁﬂ"i sHgslAl F#EE 4 glol ¥%E incompatibility o]th o] incom-
patibility & plasmid 2 & o] &sh= Zo] H Ul ek Pseudomonas o= P,, P, P,
P, 99 W, N group o] S{lOLHJacoby, 1975), R,ol #aliMe Burb glok P, group o] &&h=
Ry;, plasmid & 717 1ol R, plasmid & H% AYAIHA] carbenicillin 3} kanamycin W4 & #
M SAPARE g ZEAZ] 2 plasmid =579 UV WA 85 oXE 2HA R, plasmid &
UV ol sl WS Roddich= Aol olv] dajd et (Jacoby, 1974), W% R, plasmid #5&
UV ol sl 3% WAde 5734172 (Cho, 1984b), & =Folre yde] tare v Hies 5
7t A AR o g 71Ee] plasmid7F Yo vhEo] A9 E plasmidE AAEY] AU bz B
W 2253 k. Plasmid 439 2%, 2709 replicon o] FF2%o 2 23 repliconog &
Vsad Bo AAAC hetero A7 @ £ Ydout olEd HAdM HESA FULh

Wb g8tEd o] v DNAC AXE #9 4NQO = #elddel 2% thymine dimer 9+ &

100
8
f 10 b A0 937 /R2 7
E c 6
St A,
£
o L2 N n 2,
o 10 20 o
Minutes
Timesof treatment for 4NQO(100xM) )
T3
100 x
; PAO 937 /R 2
= 2
E o 1
-:, 1 b 4
o 20 25 46‘6 o = A =
Times ot l'tl(r’:.l:lull.osy NTG (20ug/m1}) ° : M lnu‘les ° °
Fig. 5. a. Survival of PA0937 (Hcr) Fig. 6. Assays for DNA polymerase
with and without R2 factor activities/1 mg of protein of
after treatment with 4NQO strains; o, PAO 38 (Hcr+); o,
(100uM). PAO 38/R2; 2, PAO 937 (Hcr');
b. Survival of PA0937 (Hcer’) 4, PAO937/R2.

with and without R2 factor
after treatment with NTG
(20ug/m).
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2 &34 F AFHAEE thymine dimer 3 E DNA EAldo] MAFELD wrA™ XA E
%71 4ch(Kondo et al., 1970). H3F 4tdd NTG ol tidf pol A” 9 rec” AMEE #U54S
Holu} uvrA™ Al¥e 9I48HR ¢x, X Ao o3 &4 g8 Zoz ¥y 51 gt (Kondo et al.,
1970). Her 3 PA0 9379 R, 858 4NQO Z NTG ol dis) W4 Fdo

Plasmid R-Utrecht & Sal. typhimurium® DNA polymerase Z&3o] Bojsid yH T UV
o ZAH phage o] A2&& Z7IAIATLE & R-Utrecht ol €3] DNA polymerase 19 @40)
7IEE &uUtt(Macphee, 1974). & R-Utrecht o] 23t f7} W&o] rec AFA = & 4 glon
2 E. coli®] recA* ol Adate Salmonella®] F32HHE (Macphee, 1973) ]l 2&32 4dr) o]
7o WARAE plasmid o code © DNA polymerase o 93l F M9 rec A*§H2  AHEo)
oj&dic}, I Sal.typhimurium @] WHEZALY) 9)3 A8l (Davies & sinskey, 1973 ;Davies et al.,
1973) 7} DNA polymerase % ligase 59 #AE7luFolgty Budtw vk R, plasmid ESo)
o]%t WA ZE7 o] DNA polymerase [9] A5ol 9]3t A% ehdAE B Aab= Her #FF 2 Her”
5ol A DNA polymerase 19 @Aalele B 4 fIUCh o] XA /‘l—%-?‘L Her™ 5+ ob3 o4
g fEs Aol HoUA RS sioly HoL E.coliolA Y pol Aol 4FE & ofd A ) wet
A o] 1718}0{ k]l‘— ARA7N 7L E.coli 2) DNA polymerase [ o] 438 fiol &8 Ao
oheta ¢ T ot FheAde wlg nksty dxl o] o) S e o 4+ gl

rec” i‘—,—Ql R2 plasmid 5a& UV (Cho, 1984b) ¥ HFALA z]2]of th3F 7hpAlel RO 2
Ao 2 Hol 3 rec gene o 4@dhs HRE R, Rl #3 A @on yARHdE &3¢
rec gene product 7} jES AlAle] T3 ok @749 vtz AT AMAC daE Aud
Agd =t R plasmid &8 33 {5 59 FE3hG #7152 E3)A2=} (degradative plasmid) 5
Aoe] GAaA9el = FAARS plasmid 8 507 Ps. aeruginosa oA UV 2y UAS
F7HRIOE AME S ERIITHE 3). R 39A9} ol WAL o]9]9) factor, & SAEH €& o
AWA plasmid 3-8 Benzene &S 7} # R /7182 RaA plasmid o} ols] WAIA WA
7F dofubs 72 FHlETh ol2d WAdske miAEol Aa e #740A FHAARE FTEAY A
qe Atz B 4 lvh AEAe, 31, 744 A A adE vloiEiaa @ o oj59]
AMEE Faslka, % fHR FZo o U GER LY 7Fed S AlAsheE Aelth

=
[}
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Increase of lonizing Radiation Resistance by Acquisition of Crug Resistance
Factor R2 (Cb, Km, St) in Pseudomonas Strains

Bong-Gum Cho

Department of Biochemistry, College of Natural Science,
Kon-kuk University, Seoul, Korea

This study was carried out to examine the relation of acquiring R, (carbenicillin,
kanamycin, streptomycin) plasmid in R, plasmid transconjugants of rec”, Her- or Rgg;
plasmid and increasing of resistance to y-ray and mutagenes (4NQO, NTG) in Pseudomanas
aeruginosa, and further to examine whether the genes which produce a DNA plymerase 1
is to be encoded in R, plasmid or not.

The results were as follows.

1.

R, plasmid transconjugants were endowed with the resistance to UV, v-ray and
mutagens by acquiring R, plasmid in Psendomonas aeruginosa PAO strain. But a
different kind of the resistance was obtained from a variety of the transconjugants
strains.

The Her and Hecrt stranis were endowed with the UV-resistance by acquiring R,
plasmid through the changing of the shoulder and slope in dose-response survival
curve. And Her? strain only was endowed with 7y-ray resistance through the shoul-
der, whereas Hcr strain only was endowed with mutagens (4NQO, NTG).

The fact that R, plasmid did not endow the host cells difficient of the recombina-
tion repair ability with the resistances suggests that the plamid is not carrying any
genetic information corresponding rec gene and rec gene products of host cells
were involved in the deveopment of the R;-mediated resistances.

The production of DNA polymerase I was net elevated by acquiring R, plasmid
in Her” and Hcr? strains. In accordance with this result, it may be possible that
increasing of resistance by acquiring R, plasmid is to be attributed to DNA repair
mechanism of rec gene product dependent.

The fact that the acquisition of resistance to UV and 7y-ray is due to acquisition
of drug resistant plasmid suggests that there are limits to make use of radiation
sterilization in foodstuffs, hcopitals and laboratories and degradative plasmid in
industrial sewage and sludge disposal.



