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SUPERINTENDENCIA DE INDUSTRIA Y COMERCIO
DIRECCION DE NUEVAS CREACIONES

2020
Bogota, D.C.,
Abogado
DILIA RODRIGUEZ D’ALEMAN
ASUNTO Radicacién 08-68859
Tramite 002
Evento 001 c
Actuacion 519 B 12154
Oficio
Folios 003
Patente de Invencién Patente de Modelo de Utilidad [ ]
Via Nacional
Via PCT (fase nacional) Cap.| [ cap. 1 ]

Como resultado del examen de fondo realizado, con fundamento en el Articulo 45 de
la Decisién 486 de la Comision de la Comunidad Andina, se comunica:

1. Documentos estudiados

Descripcion: Folios 8 a 37 04/Julio/2008
Reivindicaciones: Folios 38 a 40 04/Julio/2008
Dibujos: Folios 41 a 49 04/Julic/2008
Prioridad: CL 1982-2007 06/Julicf2007

2. Analisis de la Prioridad

Se acepta la reivindicacion de prioridad porque esta solicitud fue presentada dentro
del plazo establecido (Art. 9 D 486), y su contenido técnico corresponde con el de la
prioridad reivindicada.

3. Objeto de la invencion

Titulo de la solicitud: “Bacteria degradadora de herbicidas del tipo s-triazinas, un
producto de bioremediacion y un método de aplicacion.”

El problema planteado en esta solicitud consiste en suministrar métodos para fa
bioremediacion de suelos contaminados con triazinas.

Para resolver este problema técnico la solicitud en estudio proporciona una cepa
bacteriana capaz de degradar completamente o mineralizar contaminantes del tipo s-
triazinas, como la simazina, que corresponde a la cepa Pseudomonas sp. MHP41,
depositada bajo el numero de acceso NRRL B-30908. Un producto para la
bioremediacion de ambientes contaminados con compuestos s-triazinas, en donde el
producto comprende un inoculo bacteriano de dicha cepa Pseudomonas sp. MHP41.
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Y un método para la bioremediacion de un ambiente contaminado con s-triazinas,
que utiliza dicho producto para la bioremediacién.

El objeto de la presente Solicitud se relaciona con la Ciasificacion Internacional de
Patentes (CIP): C12N1/00, C12813/00, C12K17/14

4. No es una invencion (Art 15 D 486 literales (b))

El objeto de la reivindicaciéon 1 no se considera una invencién, de acuerdo con el Art
citado, ya que corresponde al aislamiento de un microrganismo existente en la
naturaleza y que no ha sido modificado por el solicitante.

El objeto de las reivindicaciones 2 a 5 no se considera una invencién, de acuerdo con
el Art citado, ya que si bien se refiere a un producto, tanto la descripcion como las
reivindicaciones definen el producto como un inoculo de la bacteria, en el cual el
solicitante no ha aportado a la composicidn ningun excipiente, por lo que el producto
se reduce a el aislamiento de la bacteria de interés.

5. Reivindicaciones relativas a un uso o a un segundo uso (Art 14y 21D 486)

El uso de las reivindicaciones 6 a 12 no es patentable, de acuerdo con el Art 14 ya
que dichas reivindicaciones se refieren a métodos que solo constituyen el dispersar
en inoculo de Pseudomonas sp. MHP41 NRRL B 30808 en un ambiente
contaminado. Ademas, el resultado del método corresponde a un proceso
esencialmente biolégico, ya que FPseudomonas sp. MHP41 NRRL B 30908 es un
microrganismo aislado, sobre el cual el solicitante no realizo ninguna modificacién y
que tiene dentro de su actividad natural la degradacién de s-triazinas

A pesar de que el capitulo reivindicatorio corresponde a materia no patentable, se
aclara al solicitante que en el estado de la técnica se encontraron los siguiente
documentos que anticipan la presente solicitud.

Fecha de

item Documento Titulo e EE
Publicacion

Optical bicsensor with
enhanced activity retention
D1 wWO03025627 for detection of 27/Marzof2003
halogenated organic

compounds
: Simultaneous Degradation
A&?érig?g?n of Atrazine and Phenol !Dy .
D2 70(4): 190'7:__ Pseudomonas sp. Syrgm Abril/2004
1 9 12 ADP: Effects of Toxicity
and Adaptation

D1 divulga un producto de bioremediacién de ambientes contaminados con s-triazina
(Pagina 15 tabla 3 y figura 2), que incluye un inoculo de Pseudomonas sp. (Ver
pagina 16 linea 15 a 19 y pagina 21 linea 19) y alginato de sodio (ver pagina 15
lineas 40 a 44), dicho inoculo puede estar o no liofilizado en un complejo protectivo
esteril (pagina 13 linea 1 a 7).
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http://worldwide . espacenet.com/publicationDetails/originaiDocument?CC=WO&NR=0
3025627A28KC=A28FT=D&ND=3&date=20030327&DB=EPODOC&locale=en EP

D2 divulga una cepa de Pseudomonas sp. ADP que es capaz de degradar atrazina
como una unica fuente de nitrégeno (resumen).
hitp://iwww.nchi.nim.nih.gov/pme/articles/PMC383114/

En cumplimiento del articulo 45 de la Decision 486 de la Comisién de la Comunidad
Andina, se le indica que debe dar respuesta dentro del termino de sesenta (60) dias
contados a partir de la fecha de notificacion de la presente comunicacién. En caso de
no dar respuesta al presente requerimiento, o si a pesar de la respuesta subsistieran
los impedimentos para la concesion, se denegara la patente.

Se invita al solicitante se sirva indicar, si asi lo considera, su renuncia al término
faltante y presentarla por escrito

Notifiquese el presente oficio conforme a lo dispuesto en el numeral 5.2, literal ¢), del
capitulo quinto del titulo primero de la Circular Unica No. 10 de 2001.

Director de Nuevas Creaciones (
Ib

E)

El anterior requerimiento fue notificado por fijacién en lista, de fecha

e
? 3.!:&1_1201

Elaborado por: Sandra Carolina Crespo Cardenas
Revisado Por: Consuelo Leguizamen Leguizamon
Aprobado por: Jesus Fernel Garcia Garcia
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The stran Psedomonay sp. strain ADP is able to degrade atrazine as a sole nitrogen source and therefore
needs a single source for hoth carbon and energy for growth. In addition to the typical C source for Pyewdo-
atnes, Nag-succinate, the strain can also grow with phenol as a carbon source, Phenol is oxidized to catechol
by a multicomponent phenal hydroxylase. Catechol is degeaded via the ario pathway using eatechol 1.2-

. dioxygenase I was possille to stimulate the strain in order to deprade very high concentrations of phenul
Eiod sy ditery and atrazine 150 mg/liter) simuliageoosly, With cyanuric acid, the major intermediate of
adragie degradation, as an N source, both the growth rate and the phenol degradation rate were similar o
those measured with ammonia as an N sotrce. With atrazine as an N souree, the growth rate and the phengl
degradation rate were reduced to -35% of those obtained for cvanuric acid. This presents clear evidence that
afthough the hra three enzymes of the atrazine degradation pathway are constitutively present, cither these
enzvines or the uptake of atrazine is the bottleneck that diminishes the growth rate of Psendomonas sp. strain
ADP with atrazine us an N source. Whereas atrazine and cvanuric acid showed no significant toxic effect on the
wells, phenol redoces growth and uctivates or induces typical membrane-adaptive respanses known for the
genus Puvndomoenas. Therefore Pseadomonas sp. strain ADP is an ideal bacterinn for the investigation of the
regudatory interactions among several catabolic genes and stress response mechanisms during the simulta-
nesus degradation of toxic phenolic compounds and a xenobiotic N source such as atrazine.

e TR oE onae s cth litminn j-h-gisopropylaminoe - nuttal reacuons of atrazine catabolism are nat organized in an
seo b bt ased tor controlling broadleat and operon but .re dispersed and Hanked Iy transposase copies,
csemd e D by persisient onsanls (14 Anazine However. the strain is able 1o use atrazine and cvanuric acid

vt ey heen detedred in ground and susfacs 4y sobe mittogen sources and therefore needs an additional
co ovais cwecdmy the Evirenmenizl Protection Agen- carbon and energy souree for growil,
e ceatetmant evel of 2 pph 4, [n this study. we investigated the degradation of phenol m
Yoo e st an AT was the st iselated bactenium the presence of different N sources. including the two s-tria-
b een dime e hermiade elraeine (220 36). Since zines alrazine sind cvanuric acid, Thus, we could demonstrate
aoawns ob v under-tanding of the genes and enzvines that the direct effects of the aduptation of the celis to phenol,
. ot atiazine desradation has been derived from studies as weli as the degradation of atrazine to cvanunc acid, were the
Ao Tusostramy, n whieh the first three enzymatic steps of major bottleneck that limits clective degradation of atrazine.
trosne devradition have been defined (8). The genes arz4. We also demonstrated that in the ADP strain, genes encoding
P aebenCowhich cneode the enzymes atrazine chlorohy- phenol deerndation are lacated on the chromuosome. A multi-
fonsy LAY Bdresyatnizine ethylaminohvdrolase (AtzB), compoenen! phenol hvdroxylase convents phenol to cutechol,
N sepropaunmchde sopropylaminohvdrolase {AzCh which is further metubolized vin the calechol degradation oo
aco Uamrine sequenialiv o evanurie acid {(8). Cvanurie pathway,
Lo carbolized by Peetedomionias s, strain ADP 1o carbon
20w and antmiot {81 These finst three genes have besn MATERIALS AND METHODS
soeonoan HEekb plsaid. pADP-1 (8). Recently. Strains and chemicals, Pseadoronds sp stram ADI was abtaned 10m the
Wil s comnleteh seguenced and was shown Lo contamn Deutsehe Sammivng von Mikroongumsmen und Zellhuliersn (DAM 21173 nd
YL s for the L‘\!l?lplrlc catabalism of C}-‘ElﬂLEl’iC acid to (0, has been desenhed previvusly (22). The bacterial strans and plasauds vsed n
WL sl el s g and aisF (23) Structural this study are hsted in Takte | Al chemeals were reagent grade sad were

ublumed from commerciol saurees,
Culture eondivivas, Paedemiona spstrmn ADP was cubtaated o s
medivm as described v Hirtmans et al (13F The N and € souwrees o he

At studios sheswed that the penes encuding the

medivm were uodilied tor e speciti, puroses of the Cpenmanis Adaphitan

ST the celbs to phienad wis reached by grosomg the Cefls semcantiouuss in s

s Ay address Depanimieni ol Reseme- cultures WL e asmE wonetptatsns ol phoned ap to L e tece. The

v bk peerenlal Resgarch (LiEZ) Leipaig Halle, adapted cells were mumntained on agar plates with 23 me of phenot wer as the

' s P e os Leway, Ceenmany, Phone: 49 341 235 2772, sole L and eltergy seurce. Cells were grown m 30l shake calluies 1w hon-
o 2R I Fanad hermanigipizporos ufz de, romtally shaking water hath at 30 C Grosth wis monitored by measwring the
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TABLE 1.

APRFL. ExviRON, M worion,

Strains and plasmid used m this study

TR R Genelic charsteristios Reference
RITE
Yo sty Hiees cean PCIS Phe™; muliicomponent phenol hydroxyluse genes; mera pathway of H
cawechol-degrading genes on chromogome
Fomitads TTOWRS Phe 1 wnho pathway of catechol degradation genes on chromosome 3
vk PoWido Phe” Trp  Sm’: ortho pathway genes on chromosome 1l
ot sy sl ADP At Phe” 23
A ApT dmpRKLMNOP genes 2
Voo i DY AL e appuled L aTionts NADPH at 320 i ae deseribed previesy 30 Fou the meesurenwns o cadog:
: [ whe boan [';‘;.u R TN S AN enows vidution ot YADEPH. the phenui sabsinate wos omitted trom e reaction
e il wenstant osch o the T - mixlarg
R e Lo wanimunt e uheie of the TFo detent cateenol B 2e-diosygenase (03200 and eatechol 23-dinaseunase
- vt eat el et pusdered the previpatoting of (02300 acuviues. the tormanon of the reaetion prodoets cis-en-muconic acid
L T N N Y Adve aliected medsutcinent ol the QL. and 2-hedrowwmuconic semialdehyde was measured spectrophatometncally at
[T P YT VY . [ cultien woes zanstened 10 50 b of Sosh cttband 375 am. respectively (100 13), The prolem concentralion was messured
. Te e e wponenrally ter Do 4 h unsl an OD G, 0l b seeunding to the Bradtord method (#),
Sy e o s boweneil esperinents, Wl Psetdonionax strains DNA teehniques. The method of Hunsen and Olsen (123 was nsed for plasmid

Rl

toua e e Dy Bepanndd By evcvoum £26) or MY mmumal medium

e and e e vl s addded 10 ¢ hinal cansenttation of 250 meliter.

- POW g ncnbated i the preseave of sipeptomyain at a

v P e DR e my it the preseice of ivpinplian oo fing!
om0yl

T chtiog with Wxins. tar mecurenients of the 1oxw offects ot the insesti-

Mo sspenenti b growing neadapted cal-
Yoot e T T e cuitires were imw ubrated 1o tie
ceo e T it 300 Thens e vt wae
LN Tue piapiiate buffer (S0 mNE pil T

[ et e xlraction
[ooie sanaenon, Tansesterttication, and Gy acid analysis, The hpus wore
. o bnelweler s desenbed s Bligh and Dver o5
e e TAMT paere prepares by aincubation for 1S min at 037
ot aepya e the method of Moprison and Smath {25)

. L - ine
Aaradases of by word compsition by GO-ME, Analysis of FAMID in heaane

swered peers 0 cnadiuple gas chromatogiaphmass spectiometi

S MN egoer (HPest s apd HPSOTS Flewlen-Packard, Palo Alto, Cabt)
e A Rl ~|~l‘|l-' X lncum ACCPSH S cepillary calumn (inside
1 Sewm-the b Gl (Choompack. Mithlelburg.

A AT fhe ~endrution ol the FAME The G condsions
Cooor ceeerete was held ot 230 The ol e was
- R & TIISTE Gl Phev al W ST
Ceo e by Yo The NS Ceaamlens wer,
Ve weeatiat zeerey at T eV Tae peak
' tor n= homareptani: weee used e detemuee
i TR SO P UrCONES and Lornegznm

= 1outes ek, b0 Seoiee iBellevone, Fao-
RTINS CRNTO ot e ohernsw s done oy the daiesimerne
S e T e vl dantosntpyiia (d-amase- 2.5 di
s s g e, ed ndoshenod dve undder alliy
- wis e spoeionhotomeirivadly a8 o wareiengih

P assavs, ot ol ateam ADE were grewn overmught m MO nimal
g S et phens] it Then, the culture was diluted in fresh
2530 g ol phenoliner. or M9 minimal medivm
ter Tooavoid any siationane-phase-nduced en-
ctitve wes diluted with tresh medium o OD. 5 of
those o tnrting Lultere sp mimmasl meilium and a0 LB or LB

LR T N (T

cecsbenmb caaaivay Tae cell samiples Tor enavme assays were ldhen ltam
Pres e o o8 Y uegd 2R,

ke weonaraten oo crade ot ety the enllected cells were wushed wab

O RH PO e TGN pH Py resupended i e same Dutler,

st Tl ede ealreeds are patiticd o ok uclee il

St Tt 4t Tk and VO S A min, The adivttics

ciho AT e ez e Pl Iiane Tohalr 21 in crude extricts

1 pe e e ey ostorgd. by exaomrang the disappeaionee of

NNA preparation from Prewdomonas sp. sirain ADP. The plasrnd DN A win
fractionated from the wital DNA by a CoClethidium bromide dunsity yradient.
Separation of eennimic DNA i agatowe pols and Soathern blatling were carmicd
out by che standard procedures described elsewhere (321 Digestion of TINA with
restrietinn enzymes was pertormed according to the mantiacturers” guidelmes

Twa primier pairs were used to amplily the DNA region encoding the fargest
anct most eopserved sabunit of the multicomponent phenel hvdross Lo, The
prmens dmpNi s GG EICCTCACCLAT G S Vand dmph ST o8 (GO
CLADAATOACTT A ¥ twere designed 1o amphiy the dogpV i FAetad-
iy Aposheam CEOEE and the seeond pair of prancis used, phe 139 5 06GA
TCGACGAGOTLAGOCA Yy and phell2 o5 GTTGOTC AGE A CiTAL T
GAALGACTAS 1y was the siumez as that designed by Watanabe etal 47) Baved
authe analvas of conserved sequenves of 1he Tmge subunn o the prevalent
phenel hydroxvlase i the enviroament.

Conjupation, Freudomennss sp. sitan ADP as a donor and £ prenda faW 40
as 3 redipivit were groswn overaivht in LB mediom, and streptonnyon was adidod
Lo the grawth medium ol PaW236, Then, the culiuzes were difuted 120 0ol valy
with rresh LB medium and cultivated for 3 h. The cultures were mixed in cqual
volumes, and 100 pl of the mixture was spotted ante LB mednim plates over-
night. The next mormng. the bacteria were resuspendad and washed with
NupHPO -KH 10, bulier (100 mM: pH ".5) and piated onts MY minimai
methum plates supplemented with 250 mg of phenoliiter as the only carhon
wwtee and wil ivpiophan Streplomyun s added 1y seleciive plites Tor
cantrasvleenion fn wrawih of the donar colls

£l

RESULTS AND DISCUSSION

Growth of Pseudomonas sp. strain ADP with phenol as i sole
C source and atrazine or cysnuric acid as a sole N source.
Pyerdvmonas <p. strain ADE s able o degrade atrazine ax o
sule nitrogen source and therefore needs an additionnd carbon
and energy source for growih, Besides the typical € souree for
Pseudomonas. Naosuccinate. the strain can also grow with
phenol as a carbon source. Although phenol showed toxie
effects on the straim, it was possible to adapt strain ADP 1o high
cancentrations of the substance. For maintenance of the strain
and for all further degradation experiments, phenol concen-
trations of 300 mgdliter were chosen. which coused ~ 50 pereent
growth inhibition and Lhe strongest adaptive reactions,

Using the adapied cells. it was possible te degrade phenel as
a carbon and energy source and atrazine as an N source simul-
raneously. To gquantify the simultaneons degradation. it was
decided to vary the phenot concentrations. whereas the initial
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pheonol {mall}
h
o
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time {h)

o L Comparisen of phonol degradation by adapted cells of
daieion o spostran AIDE wah 15 mM evanuric acid {open svmbols}

Souath TR0 mgon atrwancditer (ehosed symbals) as a sole Nosource at
nite - shenob concentrations of 300 (diamonds). S00 {triangles), 730
et o LAGR coreies mgdiner.

cencentralions of bhe tested Nosourees were kept stable, For
s e we el 3L nominal atrazine concentration of (3
T e

et e e Nosonreg, the st wns able to deorade

g ants e e L Oig meliter. At higher congen-
coe et coinprieiel adapted cells were no Tonge:s able o
b 1 abows the degradanon of different phenol con-
corten i ing egradation showed the same depletion
Cuth s dats not shown). The highest cancentration of phenol
W compaeteiv degraded after - 30 h, Thus, the growth rotes
Lote
Cacampard taese data with those for other s-triazines as N
= e, e same senes of experiments was conducted with the
st iermedhate of atrazine degradation, evanutic acid (Fig,
s Duthe preseie of this N source. the steain degraded phenol
U stern L g Tier was completely degraded within
G Thr wrowth tates wore ap to 32 h L which corresponds
cuencsine e of - by The degradation rates for pheanl

L oSS0 me
Eonre T summiarizes the measured growth rater. depending
D N seree i the immad phenol concentrations. respec-

o I e prosence of all investigeted N osowrees, the cells
el bvpred ohenol-dependent course for the growth
wosswetha maximm e a phennl concentration of 404 mys

e AT bigher congentizbions. the toxic effects of phenol seem
itewncr e growth raie of the cells. Compuring the N
sodives e o pates oblained for evanuric acid were
nearly the same as those measured Tor the N source typically
ased e this hactesiuny, ammoma, On the other hand. the
Zrowth rates measvered for atrazine were only ~35%% of (hose
reovhied with the other two N osources and the same initial
Vet cepeentratiens (g 2%

Contnny e his, cells grown with @ constant initial phenol
catred itfabien of S0 mg diter and various alrazine concentra-
oo wved meo sinficent differences motheir growth rates.
Ll emdy oo cormeiation between an iseredsed atrazing con-

e 020 Cwhich carresponds o a doubling lime of
It

PSEUDOMOMAS 5P, STRAIN ADP ATRAZINE-PHENOIL DEGRADATION 1909

growth rate p (h')

0.1 4

4} T —— T T
o 206 400 600 800 1000

phenol (mg/)
FIG. 2. Comparison of growth raies of fseudomenes sp. strain
ADP growing on NIT, 7 (l). cvanuric acid (<), and atrazine (&) ax N
sources. The data given lor the concentration of (0 my of phenolliter

cortespond o the control cultures grown on Na, succinate as a ¢
SOUrce.

cenfralion snd an increasing cell vield could be observed (data
not shownd.

These datu showed that it was possible 1o cultiviite Pserido-
monay sp.strain ADP with phenol as xosole C and energy
sinree and simullancousty witly atrazine or cvanuric acid s an
Nosource. To cur knowledye, this is the lirst deseripuon of the
simultanenus degradation of two hazardous compounds used
by a single bacterium as the Cand N sowree, respectively.

The differences between growth and phenol degradstion
rates obtained with cvanuric acid and with atrazine as N
sources are difficult o explain. Atrazine hod no major toxic
cficets an the cells, und in previous molecular biologicat stud-
tes, it had been shown that the frst three enzvimes mvolved in
atrazine degradation o cyasuric acid are constitatively present
m the cells (8). However, despite this information the depra-
dution of atiazine ta ceanuric acid seems w be the bottleneck
that diminishes the growth rate of Poudomaonas sp. strain ADP
with atrazine a5 an N source. One cxplanation for this nbwv-
ously reduced efficiency in using atrazine might be the lower
hinavailability of this substrate, which shows a much ower
solability than. e.g.. cvanuric acid. Therefore, the reduced up-
take ot atrazine might be the factor cavsing the diminished
growth rates with this compound.

Membrane adaptation of Pseadomonas sp. strain ADP to
phenolic compounds and other forms of stress. The resuls
mentioned abuve led to the conclusion that fn addition 1 the
regularion of the catabolic genes for either atrazine or phenol.
toxicily mighil also directly influence the simultaneous degra-
dation of atrazine and phenol. Therelore, we also investigated
the toxic effects of the two compounds on strain ADP. For this
reasnin, nonadapted cells grown in mincral medium with am-
monia and soccinate as the N and C source, respectivelv. were
wmeubated with different concentrations of the compounds and
prowth, as weil as membrunc-adaptive responses. was ob-
served,

Micraorganisms are able 10 adapt 1o the presence of Toxic
arganic compounds by using o whole cascade of adaptive
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TR S see veference A1) Among the adap-
Ce T e aneas o the fatiy acd composition ot

sopnd o b mestimportant reactions of bucteria
P retive ~abstanees, One adapuve mechanism cn-
cmoverel Patecincnas styains o grow in the presence of
o esnnteedisrupting compounds is the somerizanon of os-
v cnated Py conds to s aunsaturated fatty acids (170 33).
Lo mecaunism ceuld slso be found in Preadomonas sp. strain
AlE The sxtent of the isomerizalion. usuully expressed as the
s catiy of ansetuvated farty acids, apparently correlates
it toicins of arganie compounds {18, 19). Additionally.
muittial aependence was found between the activation of this
~o<rem and the indurtion or activation of other stress response
meeliimisms, Theretore. an merease 0 the frans-cis ratio can be
T s ERHeT OF environmental stress (33,
St S sk e etteets of wirazine on the growth and
Coe st ADP D Anazine causes only a slight toxie

o ot oot at cencenurations sbove the witer
Cheab oo stcd oy antery the growth of the cells
o o e s s adse reflected i othe saes

roesy could Be o ohserved.
o s oo be obsenved with phenoll as pre-
v a4 ol Paeiedomonas ap.ostrain ADP is ahle

growth (% of cantrol}
frans/eis ratio 0% unsaturated totty acids

[ 2D 0 750 1007

1250 1500
phene! (mgit)
i+ Ltect ot mhcmos an growth (@) and 2aasceiy taio of unsal-

A e bmembrane Loty ecids (T ol nenadapted cells of Psewdomonas
nL ADP

APPL. ExviRON MICRORBIOL

o degrade phenol, at the same time, this substrate evokes or
causes a serong inhibition of cellular growih, In the presence of
phenel. the mansicis ratio of uusaturated fatty acids also
showed a 1oxicitv-dependent increase.

Increasing concentrations of atrazine had only minor inhib-
sting ¢fects on the prowth rate and cell adaptation of Pyedo-
monas sp.ostrain ADP. This can be explained by the verv
limited water solubility of the compound. which is anly --30
mgfliter under the experimental conditions. Very surprising
was the ohsenvation that atrazine showed the slight increase in
toxivity even ¢l concentrations which were much higher than
the sulubilicy tn water. This scems o be an dication of cither
an accumulation of the compound in the membranes of the
cells or the presence of compounds produced by the cells which
merease the solubility of atrazine. On the other hand, the
simultanevus growth with phenol as o carbon soutce might
provide the explanation [or this increased wnicity of atrazine,
beeause phenol also induces or activales the adaptive response
mechanisms of the bacteria ta this tovic compound. As tovic
effects might indeed play a major rale in the regulation of the
catabalic genes duripg a simultaneous degradation of the man
xenubintic compounds. it was decided to charactenze the phe
nol degradation in this strain.

Freudomaonas sp. strain ADP uses a multicompouent phenal
hydroxylase for phenol oxidation. The Hrst step of phenol
degradation is detennined by the phenol hydroxylase. which
muy contain only one subunit {monocompunent enzyme) or
several subunits {mullicomponent phenol hydrosylase). The
multicomponcal phenol hydroxvlase of Psendemonas sp. strain
CFot) is well known and has six subunits, atthough only five
seem (0 be needed for the production of this multicomponent
enzyme {30). The genes that encode subunits of the multicom-
panent phenal hvdroxylase of CFA00 are Incated in a plasmid-
encoded operon. the dmp aperon (29), Manv multicomponent
phenol hvdroxylase-cncoding operons have o RDNA sequence
and organization siomilar 10 that of the dmp operon. On (he
other hand. some bacteria, such as Pseudomonas sp. «train
ESTI00T {20Y and Pseudomanas peeketiit sivadn PROT 121 use
mopracomponent phenol hydrosvluses which do not show g-
nificunt similarities.

Therelore. the first investigations of the molecular binloge o
phenol degradation in strain ADP were related to the doserip-
tion of the phenel hvdroxylase the strain uses for phenol oxi-
dation,

As the monocomponent phenol hydroxvlase (PheAy of
Psevdomonay sp. suain ESTIONL and TbuD of £ pickenii
PRO1 are measuruble from crude cell extracts and usc
NADPH o add moleculur oxygen 1o the aromatic fing. we
made cell extracts al strain ADP and spectrophotometrically
memitored the disappearance of NADPH ut 340 nm, Mo phe-
not hydroavlase uctivily was measurable 1y the cclt extracts
{data not shown).

The multicomponent phenol hvdroxvlase is possibly involved
in phenol oxidation, I ovder to prove this possibility, we used
the PCR method to tryv 1o amplity a DNA segment ot the ADP
genome by using primers complementary to the gene of the
targest aud the most conserved subunit of the multicomponenl
phenol fivdrosylase (37), The ~23tbp PCR product we ob.
twined wax sequenced, and the resuls indicared thay ADP
containg a sequence for the phenol hydroxy luse Targe subunit
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FIG. 6. Growih curve (M) and measurement of CH20 wetivity (*. )
trom el exiracts of Prendemonas sp. strain AP in LB mediom

supplemented with 230 mg of phenol liter Data omeans 2 standaty
deviations from at teast three independent experiments are presented

teast one subunit of the phenol hvdroxylase gene in striin ADP
is tocalized on the chromnsome (Fig. 3).

Fseudomonas sp. strain ADP utilizes phenol via the orthe
pathway of catechol degradation. Phenal is usually degraded
via the catechol degradation pathway, There are two pathways
for catechol ring fssion, the mete and ortho pathways (34), The
majority of bacteria use the prete pathway of catechol degra-
dation, especially it the hacteria have multicamponent phenul
Indroxylases. like Pseudontostas sp. strain CR6UO (30, 34).
tlowever, there is also evidence 1hat the multicoumponent phe-
nol bydroxylase and the oo pathway of catechol degradation
can coexist {9) Both mes wnd oo pathways are distunguish-
able by measuring characteristuc enzymes, C230 tor the mein
pathway and C120 for the wtho pathway. The activities of
both enzyvmes were measured in ADP cells grown wm phenol
minind medi, Activity of Ci20. het no evidence of C220,
could be detected in a crude extract of ADP cells. The activity
of C120) in the crude extracts of logarithmically growing (b-h)
cells was 1,66 = 0.24 pmol/mg X min. This demonstrates that
Pseudomanas sp. strain ADP uses the orthe pathway of cate.
chol degradation on phenol catabolism.

The phenal degradation in ADP is down-regulated in rich
medium. Various reports have demonstrated that promoters of
biedegradative operons arc down-reculated in response to ex-
ponential growth in rich media irrespeciive of the presence of
an effector. a phennmenon referved 1o as catabolite repression
or exponential silencing (reviewed by Cases and de LLorenzo
{713 Inarder 1o study whether ADF phenol degradation would
also be repressed in rich medium. (he sirain was grown 1y Li3
medium in the presenee of phenot und the acivin of the orfne
pathway cagvime. C1200 was measured (Fig. 6). No C120
atvity could be detected when the bacterin were grown m [ B
medium in the absence of phenol. tn the presence of phenol,
the C120 uctnaty was measurahle only when the cells wele
entering stutionary phase. and 1L increased during ststionary
phase, demonsirating that expression of the phenot dearada-
tion pathway in Psewdomonas sp. strainn ADP is also under
physielogical control.

The genes arzd. arzB, and aizC, which encode the enzymes of
atrazine degradation o cvanuric acid. are constitinively ex-
pressed und are not regulated. cither by induction of atrazine
or by repression of other N sources (8, 23). However, the genes
far the complete catabalism of cyanuvic acid 1o CO, and NH;,
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