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Introduccion

Azotobacter vinelandii es una bacteria gram- negatlva del suelo que es capaz de

fijar nitrégeno en estado libr ‘bajo condlcxones eroblcas (22)""BaJO ondlclones

medio amblentales “no' favorables A vinelandii-es capaz e formar u1stes es



estar sujeta a las condiciones climéticas. El alginato también es producido por los
géneros bacterianos Pseudomonas yAzotobacter en los cuales la produccién de
1vel de ermentacwn A diferencia del

alginato si podria ser controlada

alginato producido porral as ee resxduos de manuronato

modificados con grupos O -a (3).’Ademis de ser una bacteria de vida libre,

A. vinelandii produce alginato con bloques:de dcido’ ‘guluromco similares a los

que presentan Ias : r—utxllzada ‘como una

minuto 10 (t“gura I) (4 r9)




Figura I. Organizacién de los grupos de genes de alginaio
cn ¢l cromosoma de Pscudomonas aeruginosa.
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alginato, esta enzima no es esencial para la produccién de alginato pero se

propone que puede tener algtin papel en el procesamlento a nivel de periplasma

- GDP-manurénico ———s Alginato

estructura . p

membrana y-por:tanto podrlan constituir un:complejo: de. pohmerxzaéion (2> 6 R
12, 18, 33, 39, '

En P. acfugmosa peron alg es: comrolado a partn del promotor de algD el '

cual se encuentra b jo regulacxon txanscnpmonal posmva de las protemas AIgR y




AlgB que son codificadas por los genes que se encuentran en el minuto 10 y 13
respecnvamente f1g I y III (10 19 33 45) El u]tlmo gene de-este grupo es algA

‘~;'v"1do "usladas de;pulmones de '




Antecedentes

La ruta de blosmtes1s de algmato de P, aezuguzosa y de A. vmelandu son muy

similares (3, 38) A vmelandu contlene secuencxas de : DNA homologas a a]gunos




Dado que ambos genes, extremos del operon de bxosmtesxs de alginato de P.
aeruginosa, estan contenidos en el pMSD675 y.que’ el gen algD de ambas
bacterias presentan una alt homologxaf es’ prob‘ ble que'

mblen estén presentes
dentro de este plasmxdo,lo demds genes-de‘biosintesis ue en P. aeruginosa se

vmelandu X: cam])esl s no contxene alomato Imsa por lo cua e1 fondo genetlco )
de esta bactena qe ut1h7o para exprcsar nlgL de A vmeland f



Objetivo
Objetiv6 ger_leral

Caracterizacién del arreglo transcnpcwnal de los genes. de la ruta de blosmtesxs
de alginato de la regxon algDA de A vmelandzz ' : :

Objetivos partiéu]élrés',‘ i

incluido en
alginate bx sy
forma el capltulo II



Materiales y métodos

Los materiales y metodos se descrxben en. el capxtulo II en el manuscrlto
“Transcriptional arrangement of Avotobacter vznelandu algmate blosynthetxc

genes: identification of two mdependent promoters

Resultados
Capitulo 1. R
Construccion de una mutante en Ia leg1on estructu1a1 de algD

producto de un ento devrecombmacmn senc1lla que trum‘:o\ "1 gene algD en dos
mitades separadas 'por el pMSDX7 Ademas de la re31stencra a Ap Les



-

[am]

(a)

Psti Xhol  Xho! Psti
I 500 bp l
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Figura {V. Construccion de una mutanie en algD.mediante la integracion del pMSDX7 por un evenio de recombinacion
sencilla.(a) Integracién del pMSDX7:en.el cromosoma de:’ A. vinelandii . ATGC 8046 por un evento de recombinacion
sencilla. (b) Southern ulifizando ¢como:sonda al pMSDX7 contra el DNA crombsomal.de Ia RSD1. Orden:de los carriles
(1) DNA cromosomal de la A”ITCC dygcndo con Pstr (2) D\'A cromosomal dc la )\SDl d:gcndo con P'\ll (3) pMSD675 digerido

' ‘1‘0




transformantes mostraron un fenotipo no mucoide. Debido a la poliploidia de A.
vinelndii las transformantes presentaron un halo de mucoidia al tercer dia de

incubacién a 30°C al ser plcadas en BS ‘( ' v :écarosa como fuente de

11



(b)

Figura V. Las cepas de A. vinelandii derivadas de la ATCC 9046. (a) RSD1,
(b) RSD1/pRSD1, y (c) RSD1/pMSDG75 (d) ATCC9046 estriadas en BS Ap30,
Ap30 y- Ap30TclS rcspecnvamente Se puedcn observar. parches de mucmdla

12
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Figura V. Cont
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como en pldsmido y pierde la capacidad de produmr alginato, es decir, presenta
un fenotipo no mucoide sin embargo, parches de mucoxdla\,aparecen cuando esta

cepa es estriada en caJa deb1 ‘un eve o?de, reversmn omo se explica mds

no estin contemdas 611 el se num az COIl I)UH]CIO romax

‘14
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SUMMARY
The study of'the‘biosynthesis of alginate, the exopolysaccharide produced
by Azotobacter i{in\:léndii and some Pseudomonas aeruginosa strains, has

different b‘iotechfnolb‘giéa‘l applications. We report h\érve:.'vthe'_cloning":vof,the

gene  which codes  for the  bifunct

16



transcriptipn .of the promoter transcribing algl andalgA genes is regulated

in a diétinct rvn'any’nber'as‘ the algD promoter.

17



INTRODUCTION
Azotobacter vinelandii is a gram-negative soil bacterium capable of fixing
nitrogen in free living state under aerobic conditions due to an increased

respiration rate under conditions of nitrogen starvation (Kennedy and

Toukdarian, 1987). V inder - unfavorable environmental

conditions it is. able desiccation es,i_s-téhyt’ cysts. which are

differentiated celis

long peridds ;

posses multiple

©. 18



involves the com‘/_ersri‘on of,‘,‘fi‘l"‘uyc’_:t‘bse 6-phosphate to GDP-mannose via

mannose 6-phosph’at'é"k=and“tfvrhé"r'ino"se 1-phosphate intermediates. The

commitment,eh‘iyme in::thi athi}véy is GDP-mannose dehydrogenase

"'etts GDP-mannose, a metabolite used
'chafidé's;'. to - GDP-mannuronic acid, a

mé}ase-guanosine diphospho-

which i's‘;jthbeh.‘exp“ec;ted-,

presumably for. its mstabuty (Chit

‘19



have been ldentmed internal to the a/g operon (Darzins et al., 1985; Chu et

al, 1991; Chltms and Ohman, 1993), but the Jprressnon of these promoters

was not sufficient to restor the'AvlgA+ henotypefxof transposon mutant in

which all the alg genes except for: a/‘grj "v “e:d in trans (Chitnis :and"

Ohman, 1993).

levels. The Iack of alglnate blosynthe5|s IS caused by. the very Iow AlgU"

20




aeruginosa m th ,_ r,e;;c:‘.‘ jfef ‘al.,, 1994,

xanthan. gu

21



P. aeruginosa genes involved in the biosynthesis and regulation of alginate

production, such as algD, algA and aIgR (Fialho et al., 1990). We have

previously reported the cIoning,?n’d' ct "‘ct.ériz"atiqn of the A. vinelandii

algD gene, showing that'{vi”t"?p'résénts important sfrhctjural and regulatory
similarities with the’

et al., subm‘it»ted-""

in A. vine[é‘

22



complementation of an X. bampgStfisf .pv _campestris xanB- mutant. We

report that A. vine[an'd/fi'h’gs ‘a lml|l' “cluster of alg genes to P.

aeruginosa; and thét_f 1t the whole alg gene cluster

seems to be driven from th

a second promoter which y tkilf.ia‘nscribes at least algl and algA

genes and which is r'égula S‘t’incft manner to the algD promoter,
since it does not debénd for kit’s',t-rénscription on the alternative sigma

factor AlgU.

23



RESULTS AND DISCUSSION
Cloning of Azotobacter vinelandii algA gene. In order to;icldné’fthe A.

vinelandii algA gene coding for the enzyme phosphomanﬁoéé-.‘iso'r,r]er:éséf

guanosine diphospho-D-mannose pyrophOSphoryléS’ PMI,—.GM?) “we

transferred 1500 cosmid ciones of the A

restored:

pMSAS5S5;:

pMSAS55, we fou

(Fig. 2). This band is present in all ‘the cosmids isolated by the

24



complementation criteria (Fig. 1) suggesting that the algA gene homolog
to P. aeruginosa that has been previously reported (Fialho et al., 1990) is
the functional gene encoding the enzyme PMI-GMP

The fact that algA and algD genes are,closely lmked suggested that a

aerug/nosa |s present

25



different cosmid clones . WhICh expressed AlgA activity as judged by

complementation of X.. c'mpestr/s B100-13, but which lack the algD gene

showed that in thesebpla mnds ‘t’,he_ transcription of A. vinelandii algA is
independent from the algD’kp:n;rriatt"a‘r‘.ﬂ Ho'we\)er, algA transcription from a
promoter of the vector pCP13 cannotbe exciuded.

ldentification of aIgL gene ,":Iiﬁked to algA and algD genes.
Alginate lyase is an enzyme:,:‘;_‘c;:;c;ded:by a/gL gene, which has been reported

to be part of the alg opgfo . 'aeruginosa (Boyd et al., 1993; Chitnis and

we called.thas ‘ »ene aIgL‘by analogy wnth the P aerug/nosa gene present m

the alg operon B

26



The fact that A. vinelandii algl gene is: not expressed |n E col/ suggested

that the promoter which control ltS trans rip ron-‘s fnot actrve in this

bacteria. The promoters belongi_ng' lasmid ‘vecto p‘CP13 are active

on E. coli, so the expressioh of Al _coemids pMSAS51,
PMSAS5 and pMSA151 seeme inelandii promoter

different from the algD oromoter whic

P. aeruginosa and A pia mic enzymes,
and the former enzyme ha
coli (Schiller; et

of A. vine

promoter,

ih order,t ;

this promoter we performed the escribed below.

Isolation of AlgA- mutants on : 'osmid PMSAS5. In order to

determine if algA gene was. part of an operon in A vinelandii, we lsolated

27



mini-Tn5-lacZ1 in§ertions on plasmid pMSA55 which were no longer able
to complement strain B100-13 for xanthan gum production, and we later
determined whether these insertions were located on the algA gene, and if
not, whether they presented V_aylyginate lyase actiyity.

We were able to isolate 'efgh't,mfﬁ Tn5-f/éch1_" insertions that were not

located on the 0.9 kp“‘E“c’;q

gene (Fig 3). Three

€ insertions besides not

tion, lacked AlgL

28



promoter, and that this promoter is not active in the E. coli- genetic

background. :

s causing an CAlgA-- P‘heﬁbt‘»yp‘é}vto the A.

Transfer of mutati

to -determine  whether the

29



activity, this result suggest that there is only one alginase on A.
vinelandii which is encoded by alglL gene, an alternative possibility is that
more than one alginase are coded on the alg chromosomal region and that
they are all inactivated by the mutation present in this strain. We are
currently subcloning algL gene(s) to analyze these possibilities.

As expected, strain RSA8 showed alginate lyase actnvnty (Table 2), but it

also presented an unex‘ cted'phenotype when. grow -on»,fheV medium ;t'p‘

measure algmase (Y, medium whlch_'has a- lowfagar;

30




we transferred the disrupted algD gene present.on etrain RSD1 to plasmid
pMSD675, thus constructing plasmid pRSD1 (Fig 5)\,:"ahd' then testing algl
and algA expression in X. campestris B100-13. Ae expected, plasmid
pRSD1 is not longer able to complement ‘strain RSD1 for alginate

production, as does plasmid pMSD675 (Tab!e 2)

As shown in Table 2, the dlsruptlon of algD“ge‘ne has none effect on AlgL

and AlgA actlvmes when expre

evaluated by the 'Aegradatlo - tﬁé”‘myueo’i‘du

31



the X. campestris pv campestris genetic background.
Accordingly to the data presented herein, regarding ihe‘ Iakc'_:k'yof polarity of

an algD insertion on alglL expression obtained on the" X:

campestris B100-13 genetic background, wé»fou‘n’;

strains RSD1 and WI12 presented alginate

promoter.

algD insertion

32



regulation of the second alg promoter described herein.
Evaluation of AlgU role on the transcription of the genesalglL
and algA.

We have previously reported that the A. vinelandii algD praomoter is
transcribed by the RNA-polymerase containing AlgU sigma factor

(Martinez-Salazar et al, submitted-a; Martinez-Salazar et al, submitted-

UW136 presented very low

uently ‘very' low _algiqate; lé&)elé;

=337



correlate with the_ level of algD trgnscription of strains WI12 and U5
since they presented a B-galactosidase activity of 1172 + 233 and 63 + 8
units respectively, nor with the amount of alginate produced by the
original strains ATCC 9046 and UW136 (Table 3). On the other hand, we
have previously shown that the algD mRNA level in strain UW136 is sb low

that the start of algD transcript could not be determmed in this strain

(Martinez-Salazar et al., submltted -b)..
that the level: of,tra '

is not dep‘ervidﬂe:ht_' on

On the' near: futu

invoived on.

formation

the develo menv ofcysts_ in " different strains ‘and.in the a[g-,muténfé. :

derived’ from them

34



_ EXPERIMENTAL PROCEDURES
Microbiological Procedures. Bacterial strains and plasmids used in
this work are shown on Table 1. Azotobacter vinelandii strains were
routinely grown on BS medium (Kennedy et al., 1986) at 300C. Escherichia
coli strains were grown on LB medium (Miller, 1972) 'gtf37QC. The ability

to produce xanthan gum of Xanthomonas campest‘risvf‘ pv 7¢afhpestris B100-

35




Genetic manipulations. The disruption of Azotobacter vinelandii ATCC
9046 algD gene rendering strain RSD1 has been previously described
(Martinez-Salazar et al.,, submitted-a). Plasmid pRSD1 was constructed by
transferring plasmid pMSD675 to strain RSD1, and subculturing on 100
pg/ml of ampicillin. Strain RS,D“PMSPWS; |s mucoid, - but upbn the

subculture on higher.ampicillin concentrations ‘some

mucoid phenoiybé_wer@ solate

as donors in:

ecting mini-Tn5-lacZ1 insertions ‘on

hat: were' not longer:

Xanthomonas campestris pv_campestris B100-13.

36 ’



The mini-Tn&-lacZ1 insertions from plasmids pRSA6 and pRSA8 were
transferred to the A. vinelandii chromosome by transformation of strain
ATCC 9046 with the linearized plasmids and selecting the Kmr
transformants.

Total DNA library construction. Total genomic DNA from Azotobacter
vinelandii ATCC 9046 was partially digested with Sau3A and ligated to

the Tcr cosmid vector pCP13 (Darzinsv-anqi,’C’” 1k f“*;arty, 1984) digested

'hd,transfected as
000 clones were

;,of'»;tﬁé bacterial

University of . lllinois‘at Chicago.
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TABLE 1. Bacterial strains and plasmids used in this work.

Strain or plasmid . Relevant characteristics © ~ Source or. reference

Azotobacter vinelaf;""

Martfnez-Sal

RSD1

wii2

submitted

RSAG This ‘work

RSAS8

UW136  Martinez-Sal-
 submitted-b~ -

us

submitted-a
Xanthomonas campestris vrg»vcample__s‘tlr‘/i;sz o

Str, Kmr  Képlin, 1992
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Escherichia coli
§$17-1 Able to moblllze plasmlds by means of an »"Simon, 1983

RP4 derivative mserted ln ltS chromosome

S17-1(A pir) Same as S17-1, but expresslng ;k pll_' 7 ‘ de Lorenzo,
protein, able to 'reolioéfé bUT plasmids 1994
DH5¢ SupEa4, AIacU169 hst17 recAl endA1, Stratagene

gyrA96; thi-1 re/A 1

Plasmids

pCP13 : Darzms, 1984

pUT Mini-.* ""de Lorenzo :
Tn5-lacZ1
pMSD675  Martinez-Sal
s U(_\brﬁit,t"e‘d -a

PRSD1

ThlS work

pPMSDT5 ' This work

PMSAS1 This - work

DNA including algL. and-aigA genes, Ter, K.

as..



pMSA155 Cosmidu containing 23 kb of A. vinelandii This work
DNA including alglL and algA genes, Tcr
pMSA5S Cosmid containing 20 kb of A.vinelandii This work
DN A including algl and algA genes,
Ter.
pRSAnN Mini-Tn5 lacZ insertion on blasmid pMSA55 This work

causing an Alg A- ph‘e‘nOtype,’Tcr, Kmr
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TABLE 2. Mucoid phenotype, alginate lyase and B-galactosidase activities.
STRAIN MUCOIDY ALGINASE B-GALACTOSIDASEa

Azotobacter vinelandii

ATCC 9046 . . .
RSA6 . ] .
RSA8 . . .
Xanthomonas campestris

B100-13 =~ . s .

B100-13/pMSD675 ~  + . .

B100-13/pRSDY "~ + & .

B100-13/pMSA55

B100-13/pRSAT - - " i

B100-18/pRSA2 - - i .

B100-13/pRSA3 - o ]
B100-13/pRSA4
B100-13/pRSAS - - . ]
B100-13/pRSA6 = - ) -
B1oo-13/pj§:s_[\'7~:f; - “l- N
B1oo-13/péfs?)§3,tj» = o, .

Escherichia’. _co7i

46



DH5cr ,, -
DH50/pMSASS -
DH50/pRSAS .
DH5/pRSA8 .

a f-galactosidase activity rrep‘r{a‘sénlt:.theﬂ transcription

the mini-TnS-lacZ1 fro

* Strains which lack _ihef?laczvg'éiehé.

47.

v.an:A. vinelandii promoter.

of the lacZ g’eneivof



Table 3. Alginate lyase activity of differen;yt Azotobacter vinelandii

strains. g
Strain Genotype Muééidy
ATCC 9046 muc-1_ . ++++ :
RSD1 muc 1, aIgD ,‘ - |

RSD1/pMSDG75 mucT algD/a/gD+ At

RSD1/pRSD1 muc 1 aIgD/algD e

wi 12 . 'muc 1, a/gD IacZ e

Uwi1se - aIgU— o
Us 7_ o f a/gU a;lgD lacz'

a alginate’ lyase actrvr y

- Alginasea

11.3 £ 0.5

7.0+ 0.8

13.2 £ 0.3

of the halo

of alginate hydrohsrs after 48 hrs of growth ln ‘Y medrum n: mmk - 'i SE
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FIGURE LEGENDS
Figure 1. A) Gel electrophoretic pattern of different cosmid DNA
containing algA gene and digested with " EcoR1 endonuclease. Lanes
correspond to the following DNA samples: 1) A DNA diggested with Hindlll
endonuclease, 2) pMSA51, 3) pMSAS55, 4) pMSD675, 5) pMSD75, 6) pMSA151
B) Mucoid phenotype of Xanz‘homonas‘camp’esrtrris pv campestris B100-13

without (shown by an arrow) and with- the plasmids whose "restriction

49



pRSAS.
Figure 5. A) Schematic representat_io'yny of the Con,’s,tr'uction of plasmid
PRSD1 (pMSD675 derivative - with: disrupted " algD gene). B) Gel

stl: ‘'endonuclease.

1 ehdonuclease, 2)
pMSD675 and 3) pRSD1.

Figure 6. Schematic rep_r‘:" Viﬁé[éndii ‘alg

_the ' presence  of ‘the . two ‘iqelnti‘fi,'ed:

chromosomal region, showing

promaoters.
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figura 2
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figura 5
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figura 6
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A continuacién se especifica mi participacién en el manuscrito anterior.

El pMSD675 contiene un inse s algD y algA de

A. vinelandii. Para id¢

gA se evalué la
actividad de liasa de '3»(ﬁghyria 5).

nstruy6 el plismido
égéhotizacién del
nte un evento de

D1 con Psi . El
de 6.0 gana 300
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La polaridad de algD sobre algA se evalué por la complementacién del fenotipo
mucoide de X. campestr. is B100-13 (no mucoide) con el pRSD1. El pRSD1 se
transfiri6 a la B100-13 y las ,trans_" 'presentaron un fenotipo mucoide
como el que presenta esa misma ;'é'epav‘co
A. vinelandii (figura VD). - -

nJugante
] pMSD675 que porta el gen algA de

CapituloIII

Resultados adicionales

COHdlClOﬂ orlgmal que permltc tener nuevamem : ,func10nal al gen algD y por 10  B

tanto la capac1dad de smtetlzar alomato

‘5’



ESTA TiSIS W8 DEBE
SALIR 6 LA BIBLIGTEGA

(o)

Figura VI. Complementac1on de la mucoidia de X. campestris- B100- 13 X.
(a) campestris B100-13 en PY, (b.1) B100-13/pMSD675 en PY Tc25, (b.2) -
B100-13/pRSD1 proveniente de A. vinelandii en PY AplOOTclS (b 3) B100~ :
13/pRSD1 proveniente de DHSO en PY AplOOTclS
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b) Reversién a la mucoidia de las cepas RSD1 y RSD1/pRSD1.
Tanto la RSD1 como a la RSD1/pRSD1 presentan reversxon ala mucmdla aunque
Ja RSD1 en una freciiencia mucho menor- que JaRSD1 que porta al pRSDl LR

A las cepas RSD1 y RSD1/pRSD1 se les mi

ev 51on a la
mucoidfa. A parnr de un cul'lv‘ 'd' .y,
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— % CON
CEPA X 5.D. RESPECTO

A LA ATTCC9046
ATCC046 85.91 7.13 100.00
RSD1 1.043 0.37 1.21
RSD1/PRSDI1 1.63 0.19 1.89

Tabla 1. Cuantificacién de alginato producido por las cepasde A. vinelandii ATCC
9046, RSD1 y RSD1/pRSD1 mediante determinacién cspectrofotométrica de
heteropolisacdridos a partir de cultivo en placa de 48 hr a 30 °C. La cantidad de
alginato producida es expresada en Mg de alginato por de por mg de peso celular
himedo.

CEPA RSD1 RSD1/PRSDI
INCUBACION Coloms g:‘,%(’,%‘g ggﬁ)ms g‘%’%‘g
MUCOIDES MUCOIDES
2 100.0 0.0 99.34 0.66
3 100.0 0.0 96.50 3.50
4 1000 0.0 25.00 75.00
5 100.0 0.0 25.00 75.00
6 1000 0.0 25.00 75.00
7 98.8 1.2 25.00 75.00

Tabla II. Reversion a la mucoidia- de las cepas RSD1 y RSD1/pRSD1

A pattir de un cuitivo de ambas cepas cnmedio BS Ap30 y Ap30, Tc1S respectivamente
durante 48 hr a 30°C y 250 rpm se obtuvieron colonias ailadas en caja con el mismo
medio. La aparici6n de colonias mucoides sc expresa en porcentaje en funcién del tiempo.
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Discusion

La GDP-manosa deslndrogenasa cod:flcada po el gen algD es Ia enzima

determinante en la ruta

manosa hacia'la blosln




algA pero que no. contlenen;aIgD (flgura 1) -Esto suglere que a dlferenma de P.

actmdad (

cuel tlene

la mlsma estructura Operdnica: que algA,‘,(ﬁoura-'é
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La actividad de AlgL persiste en la RSDl aimque el halo de actividad se reduce

notablemente en comparacmn con la cepa parental (flgura 5) lo cual sugiere que

existe un segundo promotor dentro de la- reﬂlo algDA’ a”pamr del cual tamblen

se transcriben Ios genes algL y algA
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Conclusiones

-Elgen algD es indispensable para la biosintesis de a]gmato en A. vinelandii.
- Los genes algD, algL y algA de A vmelandzz se encuentran agrupados en la

misma regién.
- algA puede ser transcrito a parnr de un romotor dlstmto al de algD.

-algl se encuentra entre algD‘ y. algA

Bibliografgg" o

La brbhoaraﬁa consulrada para el presente Lrabajo se encuentra contemda en el
manuscrlto “Transcrrptlonalf'auangemenf of A7ot0bacter vmelandu algmate,
blosynthetrc genes 1dent1f1catror1 of. t\vo mdependent promoters” (caprtulo II)
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