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Presentacion

Con este numero ve la luz la revista MICROBIOLOGIA, primera publicacion periodica
que la Sociedad Espafiola de Microbiologia (SEM) edita con sus propios medios y bajo
su exclusiva responsabilidad. Confiamos en que, con periodicidad asegurada, esta revista
lleve al lector trabajos y contenidos del mayor interés. En este primer nimero, que sale ya
gracias al esfuerzo y dedicacion de un grupo de competentes microbidlogos espaiioles,
creemos que esti justificado incluir unas breves lineas de presentacion.

Después de unas cuatro décadas de existencia, la SEM constituye una realidad
vigorosa tanto por el nimero de socios que agrupa como por la cantidad y calidad de sus
actividades, que abarcan todas las facetas de la Microbiologia. Amplias y variadas han sido
las experiencias acumuladas por nuestra Sociedad, durante afios de colaboracion con el
Instituto Jaime Ferran de Microbiologia. Amplia y variada ha side, asimismo, la gama
de opiniones y posturas de nuestros socios, sobre la conveniencia y caracteristicas de una
publicacion o posible publicacion de 1a SEM.

En el momento actual, ¥ dejando aparte las logicas coniroversias en este sentido, nos
ha parecido que lo mejor para interpretar los deseos y aspiraciones del conjunto de
nuestros socios, era realmente ponerse a trabajar e iniciar esta publicacion con unas
pocas ideas directrices. En primer lugar, esta claro que en estos momentos la SEM no
puede sino aspirar a publicar una revista cuya gestion y responsabilidad le correspondan
en exclusiva. No nos olvidamos tampoco de que una parte muy significativa de los micro-
bidlogos espaiioles publica sus trabajos en revistas internacionales del maximo y bien ga-
nado prestigio, ¥ que incluso bastantes de ellos colaboran en el trabajo editoriat y de
evaluacion de calidad que esas revistas llevan a cabo. Eso es positivo y pensamos que se
mantendra y potenciara como es deseable. En cualquier caso aspiramos a que nuestra
revista pueda representar un vehiculo vilido y adecuado para la difusiéon de una parte de
la produccion cientifica, de calidad, relacionada con estudios de microorganismos y de
procedencia no exclusivamente espafiola, Creemos que en estos momentos de creci-
miento explosivo de la literatura cientifica, aquellas publicaciones gestionadas por
sociedades cientificas pueden, en algin sentido, ser las mas competitivas desde el punto
de vista de la calidad, ya que pueden prescindir de cualquier otra preocupacion.

Para lograr estos fines también tenemos muy claro que hay dos requisitos impres-
cindibles. Primero, la realizacion de vn riguroso control de calidad antes de aceptar los
trabajos, basado en la evaluacion por expertos, cuyo nombre no se revelara al autor, asi
como en Ia agilidad en Ia toma de decisiones cuya responsabilidad correspondera a un
consejo editorial competente. Para nadie es un secreto que no existe otra via para
garantizar unos minimos de coherencia y calidad en los contenidos de una publicacion de
trabajos originales. Segundo, admitir que los trabajos se publiquen en inglés o en espafiol.
Aspirando a gue nuestra revista tenga la maxima difusién posible en el mundo, es
obligado permitir que el autor elija presentarlos de forma que puedan ser entendidos por
el nimero mayor posible de cientificos.



En nombre de la SEM pedimos la colaboracion de todos con la revista MICRO-
BIOLOGIA, enviando trabajos, aceptando las criticas y sugerencias de los encargados
de su valoracion y aportando cnantas propuestas puedan contribuir a su perfecciona-
miento. Todos seremos beneficiarios de que nuestra Sociedad publique una revista cada
vez mejor.

Es obligado, asimismo, que la SEM exprese su reconocimiento a los compaieros del
Consejo Editorial y, en especial a su maximo responsable el Dr. Rubens Lapez, por
asumir estas tareas que conllevan enorme esfuerzo asi como por el logro que supone el
que el mimero uno sea ya una realidad. El dia en que se alcance una periodicidad fija y
nivel importante, como esperamos, habra que recordar de nuevo que eso fue posible
gracias al esfilerzo de este equipo de trabajo.

Septiembre, 1985
César Nombela Cano
Presidente de la SEM
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Preliminary characterization of two glucan synthetase
preparations and their reaction products from
Candida albicans
Encarna Andaluz, Antonio Guillén, Pilar Caceres, and German Larriba*

Departamento de Microbiologia. Facultad de Ciencias. Universidad de Extremadura, 06071 Badajoz - Spain.

Snmmary

Two glucan synthetase preparations from Candida albicans were obtained by lysis
of regenerating protoplasts (enzyme A) or mechanical breakage of yeast cells (enzyme B).
Enzyme A was insensitive to EDTA or GTP but it was stimulated by a combination of
both agents. Enzyme B was inhibited by EDTA, this inhibition being released by
increasing the concentration of the chelating agent or by addition of GTP to the assay
mixtures. Enzyme A was further activated by glycerol and sodium fluoride.

The reaction preducts were characterized as linear §-1,3-linked glucans on the basis
of their resistance to periodate and susceptibility to S-glucanases. In both cases the «in
vitro» synthesized radioactive chains were added to the non-reducing end of cold,
preformed glucan or to and acceptor other than glucan. At least, part of the preformerd
glucan chains of enzyme A, but no those of enzyme B, showed a free reducing terminal.
On the basis of the origin of both enzyme preparations it is suggested that glucan
molecules are synthesized while bound to an acceptor of a different nature which is
subsequently excised.

Key words: Glucan synthetase, cell wall, Candida albicans

Resumen

Dos preparaciones particuladas de células de Candida albicans (fase levaduriforme),
obtenidas por lisis de protoplastos (enzima A) o rotura mecanica de las células (enzima B),
presentaron diferente respuesta a EDTA y GTP. La enzima A no respondid a ninguno de
estos agentes por separado pero fue activada por una combinacién de ambos. La enzima
B fue insensible al GTP pero fue inhibida por EDTA. Esta inhibicion fue revertida por
GTP, el cual restaurd los niveles de actividad originales. La enzima A fue ademas
estimulada por glicerol y fluoruro, siendo esta estimulacion aditiva a la producida por
EDTA méas GTP,

Los polimeros sintetizados se caracterizaron como -1,3-glucanos lineales en base a
su resistencia al peryodato y susceptibilidad a $-glucanasas. Ninguno de ambos glucanos

* Corresponding author.
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se sintetizd «de novor sino que se adicionaron a cadenas preformadas o a un aceptor de
diferente naturaleza. Parte al menos de las cadenas preformadas presentes en la enzima
B, poseian su extremo reductor libre. En base al origen de ambas preparacicnes se
sugiere que las cadenas de glucano se sintetizan unidas a un aceptor de diferente
naturaleza que es posteriormente escindido,

Introduction

The analysis of the structure and biosynthesis of the wall of Candida albicans, a
human dimerphic pathogenic fungus, has become a field of growing interest in the last few
years. The fungal wall represents the most obvious difference between the pathogen and
the host cell and hence, it is an important target for antifungal agents.

As in Sacchardmyces cerevisige mannans and glucans (containing both $-1,3 and
B-1.6 linkages) constitute at least 80 % of the wall of C. albicans, and some form of the
second appears to be the structural component responsible for cell shape and the
maintenance of cell wall integrity. By analogy with S. cerevisiae, and alkali-insoluble
fraction which is enriched in $-1,3 linkages (4) may well fit into such a role.

«In vitro» syntesis of C. albicans glucan has recently been described by Orlean (12)
using a combination of conditions previously reported for the preparation of highly
efficient particulate fraction in S. cerevisiae. These conditions included either lysis of
protoplasts in EDTA (15) or mechanical breakage of cells in the presence of 1 M
sucrose (7). Both Saccharomyces enzymes were further activated, although to a variable
extent, by EDTA and GTP (8, 15). However, whereas the former was activated by
glycerol and by ATP, which did not modify or were deletereous for the second
enzyme (7), the second was strongly activated by NaF, which in turn did not modify the
activity of the former (Cabib, personal communication). In both cases the reaction
products were characterized as f-1,3-linked glucans. However, whereas Shematek
et al. (15) found that hte reducing end came from the subsirate and concluded that the
polymer was synthesized «de novon. Larriba ef af. (7) failed to detect a free reducing
terminal and suggested that the glucan synthesized by their preparations was bound to an
acceptor of a different nature.

In the present work we describe the influence of several exogenous effectors in similar
enzyme preparations derived from yeast cells of C. albicans. We have also analyzed and
compared the reaction products of both enzymes.

Materials and Methods

Organisms and culture conditions

Candida albicans strain 3153, serotype A was obtained from the Pasteur Institute
and used throughout this work. Yeast cells were prepared from a liquid culture,
inoculated at a density of 25000 cells/mi in 500 ml flasks containing 150 mi of YED
(2% glucose, 1% yeast extract) and grown at 28°C in a rotatory shaker. Mid-
exponential phase cells (OD==2) were harvested and washed by centrifugation,



Cladosporium resinae was grown as described by Walter and Hare {19) to provide
optimal yields of a-1,3-glucanase. Sporotrichum dimorphosphorum (Basidiomycete
QM 806) was grown as described by Reese and Mandels (14) for 12 days. By that time
the culture medium contained high levels of exo-§-1,3-D-glucanase.

Purification of enzymes

Purification of a-glucanase was carried out essentially as described by Walker and
Hare (19) except that the electrofocusing step was substituted by two cycles of gel
filtration through a Sephacryl S-200 column (90 x 2 cm) equilibrated with phosphate
buffer (50 mM, pH 6). The purified enzyme did not show any appreciable activity on
laminarin or starch. Culture fluids from Basidiomycete QM 806 were dialyzed against
acetate buffer (50 mM, pH 5.5) and the exoglucanase partially purified by gel filtration
on the same Sephacryl column equilibrated with acetate buffer. This step completely
removed a contaminant S-glucosidase from the exoglucanase. During purification
hydrolases were assayed with &-1,3 glucan (obtained from Schizosaccharomyces pombe
according to Manners and Meyer (10) or laminarin as substrates by measuring the
liberation of reducing power. One unit of glucosidase liberates one pmol of glucose or
reducing power, expressed as glucose equivalents, per minute at 37°C.

§-1,3-glucan synthetase preparations

Two methods for the preparation of 8-1,3-glucan synthetase were used. Enzyme A
was obtained by a modification of the method described by Shematek et al. (15) for S.
cerevisiae. Protoplasts were prepared from yeast cells by using Zymolyase 5000 (6).
They were regenerated in osmotically stabilized (1 M sorbitel) YED medium
for 30 min and then lysed at 4°C in 4 mM EDTA in 50 mM Tris/HCI buffer, pH 7.8
(unless otherwise indicated), and homogenized at the same temperature in a glass
homogenizer. The whole homogenate was centrifuged at 4°C for | h at 50000xg
and the pellet resuspended in cold 5 mM EDTA-containing Tris/HCI buffer, homo-
genized and referred as enzyme A.

Enzyme B was prepared according to the method of Larriba ef al. (7). Cells were
resuspended in Tris/HCI buffer containing 1 M sucrose, mixed with glass beads
(0.45-0.5 mm) and disrupted in a Braun homogenizer (Braun Melsungen, West
Germany). Residual whole cells and cell walls were sedimented by centrifugation
at 3000xg for 5 min and this supernatant was centrifuged at 50000xg for 1 h. The final
pellet was resuspended in the disrupting buffer, homogenized and used as a source of
enzyme B.

Polymers synthesized by enzymes A and B will be referred to as glucans A and B
respectively.

Glucan synthetase assay and large scale preparation of glucan «in vitro»

For glucan A the standard reaction mixture contained (final volume 125 ul)
0.4 M UDP«{U-C) glucose (0.22 Ci/mol), 20 pg/ml a-amylase, 50 mM Tris/HC1
(pH 7.8} and enzyme fraction (100-500 pg protein). For glucan B the reaction mixture
was as above except that it also contained 0.8 M sucrose. Reaction mixtures were



incubated at 24°C for 30 min. Then two volumes of 10 % TCA were added and the
whole mixture was filtrated through glass-fibre filters (Whatman GF/C), The filters and
retained material were washed with 10 m] each 5 % TCA and 66 % ethanol and then
dried and radioactivity determined.

For large scale preparation of radioactive polymers, the standard reaction mixtures,
supplemented with 5 mM EDTA, 100 uM GTP and 8 % glycerol {(enzyme A) or
20 mM EDTA and 400 M GTP (enzyme B), were scaled up 50 fold. After 1 h of
incubation two volumes of absolute ethanol were added and the suspension centrifuged at
12000xg for 20 min at 4°C. The pellet was washed several times with distilled water
(until supernatanis were devoid of radioactivity) and then treated with 1% SDS for
5 min at 50°C. This treatment solubilized addiotional label. After a new centrifugation
followed by two washes with water the pellet was resuspended in distilled water and kept
at —20°C,

Modified Smith degradation of the «in vifro» synthesized polymers

Samples of glucan were incubated with 50 umol of metaperiodate in the dark for
15 h at room temperature. The mixture was centrifuged at 12000xg for 6 min and the
pellet washed twice with distilled water and finally resuspended in 1 ml of 0.1 N NaBH,
in 0.1 N NaOH. Afier 1 h at room temperature, the mixture was acidified with glaciat
acetic acid and taken to a small volume under reduced pressure. Five ml of ethanol were
added and the operation repeated three times and the sample was finally taken to dyness.
The residue was resuspended in 0.5 ml of 4 N HC] and placed in a boiling water bath for
three hours. After cooling the sample was passed through a 10 ml column of Amberlite
MB-3 resin and the column washed with four volumes of distilled water. The eluate was
taken to dryness, resuspended in the appropiate amount of distilled water and analyzed
by paper chromatography. The recovery of the radioactivity before paper chromatography
was 75 %.

Labeling of the reducing terminus

Samples of glucans A and B of known specific activity were reduced in 0.1 N NaBH, or
either water (taken to pH 9 with the help of a drop of amonium hydroxide) or
0.1 N NaCH in glass-stoppered test tubes (final volume 200 ul). When indicated
H-NaBH, (5 mCi, s.a. 466 mCi/mmol) was used a reducing agent. After 18 h at room
temperature the reaction was stopped by adding 200 pl of glacial acetic acid and glucan
pelleted by centrifugation, washed three times with distilled water and hydrolyzed in
4 N HCI at 100°C for two hours. The cooled hydrolysate was applied to a column of
Amberlite MB-3 resin and the column washed as above. The eluate was taken to dryness,
resuspended in water and analyzed by paper chromatography in solvent B. Authentic
“C-sorbitol and '*C-mannitol were prepared by reduction of the corresponding
“C-aldoses with NaBH ,,

General

Paper chromatography was performed on Whatman n.° [ paper in solvents A (n-
butanol/pyridine/water, 6:4:3v/v) or B (methyl-ethyl-ketone/boric acid-saturated
water/acetic acid, 10:1:1 v/v). Cold sugars and polyalcohols were detected with silver



nitraie reagent (18). Radicactive spots in chromatograms were located by cutting strips
of paper in 1 cm portions and determining the radioactivity associated to each one.

Sugars in solution were determined by the phenol sulphuric method (2) and protein
according to Lowry et al. (9). Reducing sugars were measured by the method of
Somogyi (16).

Gel filtration for analysis of sugars was performed in a Bio-Gel P-2 column
(196 x 1 ¢cm) using water as an eluent at a flow rate of 0.2 mil/min.Fractions of 1 ml were
collected.

Radioactivity was determined in a Beckman LS 100C scintiliation spectrometer.
Samples containing both '“C and *H were counted in the appropiate channels and values
were corrected by use of a standard quench calibration curve.

Results

Effect of exogenous factors on glucan synthetase preparations.

Membrane fractions of cell free extracts obtained by methods A or B, proved to be
good sources of glucan synthetase. However the influence of several exogenous factors,
previously described as stimulating the activity, was different for both enzymes. As
‘shown in Table 1, enzyme A was insensitive to both EDTA and GTP but was activated
two or three fold by a mixture of both compounds (lines 1,2,3and5 A, 1 and 2B, 1 and
2 C). Enzyme B was also insensitive to GTP, but it was affected by EDTA (Table 2). At
low concentration the chelating agent inhibited the incorporation by nearly 50 % and this
inhibition was partially released by increasing its concentration in the reaction mixture.
The inclusion of high concentrations of GTP (100 uM) restored the initial levels but did
not cause further activation,

Glycerol and NaF behaved as potent activators of enzyme A and the combined
action of both agents was at least additive (lines 1 and 4 A; 3,4, and 7 B; | and 3 C from
Table 1). They also improved the activation caused by EDTA plus GTP even when
assayed in the presence of one of each agent (lines 5,6 and 7 A; Sand 6 B; 2and 4 ;1,2
and 3 D; 4 and 5 E from Table 1). Bovine serum albumin, which stimulated more than
five fold the yield of glucan in S. cerevisiae (15), did not have any effect on our
preparations.

When kept frozen, enzyme B was quite stable loosing only 10-15 % of its activity in
24 h (Table 2). Since this proportion did not change when the frozen period was
prolonged to one week it can be assumed that the inactivation was due to the freezing and
thawing steps. Afier this period the activating capacity of GTP, in the presence of
EDTA, was negligible (Table 2). By contrast, enzyme A lost between (series B) and
70 % (series A) of the activity when frozen for 24 h (Table 1). It is noticeable that
enzyme preparations kept in glycerol alone (series A) underwent higher losses in activity
than those kept in EDTA, regardless of whether the latter were supplemented or not with
glycerol (series B and C). In all the cases the residual activity was still stimulated by the
exogenous effectors in the same or even higher proportions (series B) as the fresh
enzyme. However, regardless to the preparation conditions enzyme A became inactive
when frozen for one week.
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TABLE 1
EFFECT OF DIFFERENT FACTORS ON ENZYME A

Additions to Tris/HCl Additions to assay Incorporation Residual activity
mixtures pmol gluicose/min/mg protein  after 24 h. frozen
Lysis of Resuspension Fresh enzyme  After 24 h. %
protoplasts of membranes frozen
A: 20% Glycerol* 20 % Glycerol 1| — 214 (1.00) 69 (1.00) a2
2EDTA 206 (0.96) 66 (0.96) 32
3IGTP 202 (094) &4 (093 32
4 NaF 534 (2.50% — —
5 EDTA+GTFP 494 (2,30 131 (277 39
6 NaF+GTP 58% (2.75) — —
7EDTA+GTP+NaF 860 (4.02) 214 (3.10) 25
B: 5 mM EDTA* |, 5SmM EDTA 1 — 4 (1.00) 17 (1.0) 50
2GTP 102 (3.00) 65 (3.82) 64
3 Glyeerol 132 {3.88) 96 {5.64) 73
4 NaF 172 {5.05) 86 ({5.06) 50
5 GTP+glycerol 234 (6.88) 185 (10.88) 79
6 GTP+NaF 325 (9.55) 281 (16.52) 86
7 NaF+glycerol 472 (13.88) 383 (34.30) 124
C:5mM EDTA:  SmM EDTA+
20% glycerol 1 — 100 (1.00} 51 (1.00) 51
2GTP 399 (399) 167 (3.27) 42
3 NaF 532 (5.32) 267 (5.23) 50
4 GTP+NaF 702 (7.02) 340 (10.58) 1

Lysis of protoplats and resuspension of the particulate fractions were performed in Tris/HCI1 buffer supplemented
as indicated. Glucan synbictase activity was determined in standard reaction mixtures containing the indicated
efector(s). Final concentrations were: EDTA, 10 mM; glycerol, 8 %, GTP, 10 uM; NaF, 100 mM.

2 Protoplasts were in Tris/HCI buffer and glycerol was inmediately added. Assay mixtures contained 8 % glycerol.
b Assay mixiures of series B contained 2 mM EDTA.
¢ Assay mixtures of series C contained 2 mM EDTA and 8 % glycerol.

TABLE 2

EFFECT OF EDTA AND GTP IN AS5AY MIXTURES OF ENZYME A

Additions to assay mixtures Incorporation
{final concentration) {pmol glucose/min/mg protein)

EDTA GTP Fresh enzyme After 24 h. After one week
{mM) (uM) frozen frozen
— — 111 80 29

5 — 52 47 51
10 — 66 59 55
piH — 12 63 73
10 5 18 61 60
1o 40 97 66 68
10 100 106 69 : 75

Enzyme B was obtained as indicated in Materials and Methods. Final sucrose concentration in assay mixiures
was 0.4 M.
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Chemical characterization of the reaction products

Two glucan preparations named A and B were synthesized for chemical and
enzymatic analysis. The products synthesized by enzymes A and B were insoluble in
water, ethanol and acid (5% TCA or 0.5 N acetic acid). About 70 % of them were
solubilized in 0.3 N NaOH. In this case, acidification of the medium with acetic acid
reprecipitated the bulk of the radioactivity.

Polymers A and B were characterized as 1,3-linked glucans on the base of their
resistance to periodate oxidation. After periodate treatment, reduction with sodium
borehydride, acid hydrolysis and paper chromatography (solvent A) almost all the
radiactivity cochromatographed with glucose but a small amount of label was detected in
the glycerol area (Fig. 1), On the base of the glycerol/glucose ratio and assuming only
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Fig. 1. Paper chromatography {sclvent A) of the products of Smith degradation of glucans A and B.
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one non-reducing end per molecule (see below), average chain lengths of 15.83 radiac-
tive glucosyl units for glucan A and 12 for glucan B were estimated (Table 3).

. The specific activities of glucans A and B (cpm/ug of glucose) were 1.9 and 45
respectively (Table 3). Since the specific activity of the substrate was about 2333 it
follows that both enzyme preparations, but specially enzyme A, contained high levels of
cold glucan synthesized prior to the addition of exogenous substrate,

TABLE 3

CHEMICAL ANALYSIS OF GLUCANS A AND B.

Sample Specific activity Percentage of Smith Length of radioactive
cpm/pg glucose degradation products chains
Glucose Glycero!
Glucan A 3 89 3 15.83
Glucan B 45 88 4 12.00

Enzymatic analysis

Treatment of the reaction products with exogenous glucanases indicated that under
standard enzyme concentration and incubation periods shown effective in degrading
glucan synthesized by membrane fractions of S. cerevisiae (7), only glucan B was
degraded to the expected from the above results. No more than 50 60 9 of the radioactivity
associated with glucan A was solubilized by partially purified exoglucanase, Zymolyase
or a combination of these together or in sequence (Table 4). Addition of chitinase or
protease to exoglucanase treated glucan, or vice versa, did not significantly improved the
amount of label solubilized (not shown), On the other hand both polymers were
completely resistant to a-amylase and to a-1,3-glucanase.

In order to further analyze the apparent inability of thre exoglucanase to hydrolyze
glucan A, a sample of this polymer was subjected to repeated additions of higher amounts
of enzyme. Each addition was followed by incubation and separation of the soluble
products by centrifugation. Although several incubations were needed the polymer was
completely degraded by the exoglucanase under these conditions, indicating that most, if
not all the linkages were of the -1,3 type (not shown).

Since the exoglucanase used breaks alt §-1,3 bonds without affecting $-1,6 linkages (11)
it was used to investigate the presence of 8-1,6 ramifications. Samples of glucans A and B
containing 40000 cpm each were treated exhaustively with exoglucanase till no more
radioactivity was solubilized, the soluble products were concentrated, desalted in a
MB-3 resin column, and filtrated through a Bio-Gel P-2 column. In both cases only one
radiactive peak, further identified as glucose by paper chromatography, ¢luted from the
column.



13

Radiactivity (cpm <103 ) ... f..’H

glucose
. ey

mannitol
sorbitol

a

1

Distance from origin {cm)

Fig. 2. Paper chromatography (solvent B) of the hydrolysis products of reduced glucans A (a, b, c) and B {d).
Reduction was performed as indicated under Materials and Methods in alkali {a, ¢, d,) or in water (b) with NaBH, (a)

or (YH)NaBH, (b, c, d).
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TABLE 4

EFFECT OF SPECIFIC GLUCOSIDASES IN THE REACTION PRODUCTS OF ENZYMES A AND B

Treatment Glucan A {cpm) Glacan B (cpm)
Supernatant Pellet Supernatant Pellet
Water 89 6115 199 7804
Exo-fi-glucanase?. ¢ 4615 2315 7126 76
Zymolyaseb- ¢ . 4120 2168 6435 1807
a-amylaset ¢ 126 6312 205 7181
a-glucanased ¢ 132 6203 - —

Sampiles of glucans A and B were precipitated with TCA, washed with water and incubated for 24 h with the
indicated enzymes in a final velume of 100 y!. Reaction mix{ures were then centrifuged and radioactivity in super
natans and pellets determined.

3130 mU. #4 mU. <50 U. ¢10 mU. ®Acetate buffer (5¢ mM, pH 5.5). 'Ciwrate buffer (56 mM, pH 5.2).

Analysis of the reducing end

Treatment of glucan A with sodium borohydride in water pH 9 or alkali
(0.1 N NaOH) followed by total hydrolysis yielded only “C-glucose (Fig. 2A). The
absence of “C-sorbitol argues against the «de novo» synthesis of glucan A unless the
reducing terminal was bound to an acceptor of a different nature through an alkali
resistant bond. However when the reduction step was carried out in tritiated sodium
borohydride, in addition to '“C-glucose, tritiated sorbitol was produced in the subsequet
hydrolysis, indicating that at least some molecules of cold glucan A have free reducing
ends (Fig. 2B). The sorbitol/glucose ratio increased two to three fold when the reduction -
step was carried out in 0.1 N NaOH (Fig. 2C). This result may point to the existence of
an alkali labile bond between the reducing terminals of some glucan chains and another
component. However, it is more likely to be a reflection of either the solubility of glucan
or the stability of NaBH, in alkali.

‘When glucan A was reduced ant then hydrolyzed no traces of “C-or *H-sorbitol were
detected under any of the conditions described above (Fig. 2D). We conclude that glucan
B was not synthesized «de novo» either (unless it was bound to and acceptor other than
glucan) and that the cold glucan present in enzyme B was bound to an acceptor through
an alkali stable bond.

Discussion

Two methods for the preparation of glucan synthetase from C. albicans as well as the
effect of several exogenous factors, previously shown to stimulate glucan synthetase from
other sources have been described.

EDTA, which has been reported to enhance one to five fold glucan synthetase from
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S. cereviae (8, 15), did not have, at the same concentration, any effect on enzyme A from
C. albicans. Moreover, when assayed on enzyme B it displayed a marked inhibition at
low concentrations, this effect being partially released by a higher concentration of the
chelator. EDTA was, however, necessary io reveal the stimulatory effect of GTP on both
enzymes, thus confirming previous results in S. cerevisige (15) and a group of
taxonomically diverse fungi (17). The lack of action of GTP on enzyme B (as compared
to the control) contrasts with the strong stimulation produced by the nucleotide in similar
enzyme preparations from S. cerevisiae (Leal and Larriba, unpublished observations)
and may be ascribed to the inhibitory effect of EDTA in these preparations. A similar
lack of action of GTP has recently been reported in Aphanomyces astaci (1) and Neuros-
pora crassa (13). In addition, glucan synthetases from Saprolegnin moneica lost the
property of being stimulated by GTP upon solubilization. In this case it was suggested
that the nucleotide could exert its action by increasing the permeability of the membranes,
thus increasing the accesibility of the substrate (3). Since no evidence for a direct binding
of GTP to the enzyme has been reported, further research is needed to explain these
results. ,

In agreement with the finding of Shematech ef el (15) in S. cerevisiae, glycerol
behaved as a powerful stimulator of enzyme A. However, in contrast with their results, it
was deleterous for the stability of the frozen enzyme. NaF activated enzymes A and B in
a similar or greater extend than that described for the Saccharomyces synthetase (7, 8)
and this stimulation was additive to that preduced by EDTA plus GTP, glycerol or both.
These results may indicate that these agents activate the enzyme by different mechanisms.
However this may not be the case. The high concentrations of glycerol (8 %) and NaF
(150 mM) needed to enhance the activity suggest that these substances act in a rather
indirect way by modifying in some manner the membrane environment where the enzyme
is located and recall the stabilization of the Saccharomyces synthetase by 1 M sucrose.
One possibility is that all three agents exert their action by decreasing the water activity
in the reaciion mixture.

The polysaccharides synthesized by enzymes A and B were identified as linear
B-1,3-linked glucans. The absence of erythritol between the products of Smith degrada-
tion as well as the resistance of the reaction products to a-amylase indicated that no
glycogen was synthesized by any of the enzymes. On the other hand, the §-1,3 linkage
was deduced from their resistance to periodate and susceptibility to S-glucanases. The
apparent resistance of glucan A to the exoglucanase used may be ascribed to the high
amounts of cold glucan present in enzyme A preparations. Finally, since no radioactive
gentiobiose was solubilized by the exoglucanase we conclude that no §-1,6 linkages were
synthesized.

The absence of '4C-sorbitol following reduction and hydrolysis of glucans A and B
indicates that the newly formed chains are bound to either cold glucan or to and acceptor of
a different nature. In the case they must be bound though an alkali resistant linkage
since reduction in the presence of alkali also failed to yield '“C-sorbitol. On the other
hand, at least part of the glucan chains associated with enzyme A have free reducing ends
since they could be labeled with tritiated borohydride. It does not, however, exclude the
possibility that the polysaccharide is initially formed while bound to an acceptor other
than glucan. Thus, we were unable to detect free reducing ends in glucan B in spite of the
fact that enzyme B also contained (although to a lesser extent than glucan A} high levels
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of cold glucan. Accordingly enzyme B preparations appear to contain exclusively or, at
least, be enriched in glucan molecules bound to an acceptor. The complex would in turn
be able to accept glucosyl residues from exogenous UDP-glucose.

The nature of the enzyme preparations used may help to rationalize the results
presented in this work. As described for S. cerevisiae (15), the bulk of active glucan
synthetase of C albicans regenerating protoplasts may be attached to the plasma
membrane giving rise to a glucan net (5) which would become incorporated into
enzyme A preparations. Part of the chains could remain associated to the
synthetase after lysis of protoplasts and continue their elongation upon the addition of
exogenous substrate, whereas others probably represent finished products. By contrast,
during the preparations of enzyme B mature glucan molecules are eliminated with the cell
wall fraction and the membrane associated glucan probably represent molecules that are
being synthesized while bound to an acceptor. During normal celt growth or protoplast
regeneration the acceptor could serve as a signal for the processing of glucan molecules
by glucanases associated to the cell wall or glucan net respectively. This process would
result in the appearance of glucan chains with free reducing ends as those observed in
glucan A preparations.
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Importancia de 1a homogeneizacion celular en la obtencién
posterior de las membranas plasmaticas de la levadura
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Summary

Candida utilis plasma membranes were isolated from different homogenized, either
whole cells or spheroplasts, by centrifugation and aggregation of mitocondrial and
internal membranes at pH 4.0. As judged by electron microscopy, chemical analysis, disc
electrophoresis and enzymatic assays, membrane preparations with different degrees of
purity were obtained. The purest plasma membranes were those prepared by homoge-
nization of spheroplasts in the Omnimixer Sorvall followed aggregation at mitocon-
drial isoelectric point as described above.

Key words: Plasma membranes isolation, Candida utilis

Resumen

Se aislaron membranas plasmaticas de Candida utilis a partir de células enteras o
esferoplastos homogeneizados por diferentes métodos, seguido de centrifugacion y
agregacion de las membranas no plasmaticas a pH 4,0. De acuerdo con los criterios de
microscopia electronica, analisis quimico, electroforesis de disco y valoraciones enzima-
ticas se obtuvieron preparaciones de membranas con diferente grado de pureza. Las
membranas plasmaticas mas puras fueron las obtenidas por homogeneizacion de
esferoplastos en el Omnimixer Sorvall seguida de agregaciéon de las membranas no
plasmaticas a su pH isoeléctrico.

Introduccion

El aislamiento de membranas plasmaticas de levadura ha sido objeto de estudio de
numerosos investigadores (1, 2,4, 5, 8,9, 11, 13,15, 17,19, 20, 23, 27) pero en muchos

* A quién se dirigira la correspondencia.
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casos las preparaciones de membranas obtenidas han mostrado poseer un cierto grado de
contaminacidn con otros materiales membranosos intracelulares o particulados.

Basandose en las diferentes propiedades de superficie de las membranas plasmaticas
e internas, Fuhrmann y cols. (9) describieron un método de purificacién de membranas
plasmaticas, en el que sometiende un homogeneizado celular a un pH de 4,3-4,7 (punto
isoeléctrico mitocondrial) conseguian agregar dichas membranas internas, mientras que
las membranas plasmaticas cargadas mas negativamente (pH isoeléctrico inferior a 3}
permanecian suspendidas en el sobrenadante, Seguidamente mediante centrifugacion y
filtracion de estos sobrenadantes se obtenian membranas plasmaticas de Saccharomyces
cerevistae con un elevado grado de pureza, deducido de los diferentes marcadores
utilizados al respecto.

Este método por su relativa sencillez, frente a los ya tradicionales de centrifugacién
con gradientes de densidad, ha sido utilizado con algunas medificaciones a lo largo del
presente trabajo para la obtencion de membranas plasmaticas de la levadura Candida
utilis.

Materiales y métodos

Organismo y condiciones de cultivo

Candida utilis CECT 1061 se crecid aerobicamente en medio Winge (glucosa2 % vy
extracto de levadura 0,3 %),

Las células en estado logaritmico de crecimiento se recogieron por centrifugacion a
3.000 xg durante 5 min y se lavaron dos veces con agua destilada.

Preparacion de esferoplastos

Las ¢elulas lavadas con mercaptoetanol 50 mM se sometieron a la accidn de la heli-
casa (L’-Industrie Biologique Frangaise) en concentracion de 1 mg/5 mg de peso seco celular
en presencia de Tris-CIH 50 mM (pH 7,6) conteniendo mercaptoetanol 10 mM y maritol
800 mM a 30°C. La digestion enzimatica se siguié mediante observacién microscopica
y después de 1 hora practicamente todas las células se habian convertido en esferoplastos.
El enzima se eliminé lavando los esferoplastos con el mismo tapén conteniendo igual
concentracion de manitol.

Rotura celular

Para la obtencién de homogeneizados celulares, bien a partir de células enteras o
esferoplastos, se utilizaron diferentes procedimientos que tras numerosas experiencias

resultaron ser los mas apropiados.
En la homogeneizacion a partir de células enteras se utilizaron el fraccionador celular

de Ribi y el homogeneizador de Braun. En ¢l primero de los casos las células
resuspendidas a una concentracion de 25-50 mg peso seco/ml de tampon que contenia
trietanolamina 20 mM, C1K 400 mM y C1,Mg 1 mM a pH 4,0 se sometieron a la accion
del aparato de Ribi a una presion de 35.000 libras/pulg. cuadr. en frio.

En el segundo de los casos las células resuspendidas de igual forma en el tampon de
trietanolamina y con polvo de vidrio como intermedio (B. Braun 0,25-0,30 mm diametro)
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se sometieron a la accion del homogeneizador de Braun durante 2 ¢ 3 minutos a la
méxima velocidad y en frio.

Cuando se utilizaron esferoplastos el homogeneizado de los mismos se efectuo
mediante el desintegrador ulirasonico o con el Omnimixer Sorvall. En el primero de los
casos los esferoplastos se sometieron durante I ¢ 2 minutos a sonicacion a 150 w, en fiio,
resuspendidos en el mismo tampon de trietanolamina ya que la concentracion ionica de
este tampon mantiene a los esferoplastos estabilizados. Por ultimo, los esferoplastos
resuspendidos en el citado tampoén se sometieron también 2 Ia accion del Omnimixer
Sorvall a 1a minima velocidad durante 15-20 min e igualmente en frio. En todos los casos
expuestos la rotura celular se controld por observacion microscopica, haciendo actuar a
lo largo de todos los procesos DNasa a una concentracion de 1 mg/ml.

Purificacion de las membranas plasmaticas

La rotura celular, bien a pariir de células enteras o esferoplastos produjo una subida
de pH del tampén, inicialmente de 4,0 hasta pH 5,6-6,0. Para rebajar este pH nuevamente
a 4,0 se utilizd el mismo tampon de trietanolamina pero ajustado a pH 1,2.

La suspension homogeneizada se dejo en reposo durante 20 min con lo que se
produjo una agregacion de las membranas mitocondriales ¢ internas en el fondo del
recipiente, y las membranas plasmaticas que permanecian en suspension se pipetearon
cuidadosamente, y seguidamente se recogieron por centrifugacidn y lavados sucesivos.

Microscopia electronica

Las muestras de membranas plasmaticas se fijaron con glutaraldehido al 3 % en
tampén de citrato-fosfato sodico 100 mM (pH 6,8) a 4°C durante [ hora. Después de
lavar las muestras con agua destilada se volvieron a fijar con tetroxido de osmio al 2 %
en tampon veronal-acetato (14) durante 2 horas en 1a oscuridad. Segnidamente se lavaron
las muestras varias veces para eliminar ¢l fijador, y se deshidrataron graduaimente con
acetona, se contrastaron con acetato de uranilo al 2 % v se embebieron en araldita (Fluka,
Suiza). Las muestras se cortaron con un ultramicrotomo Reichert Omu 2 y las prepa-
raciones teilidas con citrato de plomo se examinaron en un microscopio electronico
Siemens Elmiskop L. ’

Andlisis quimico

Se efectuaron las siguientes valoraciones quimicas en las preparaciones de membranas
plasmaticas obtenidas: carbohidratos totales neutros (6), proteinas (18), lipidos (16} v
acidos nucleicos (3, 10).

Andlisis electroforético de proteinas

La electroforesis- sobre geles de poliacrilamida de las proteinas de las membranas
plasmaticas de . utilis en presencia de SDS se efectuaron siguiendo el método descrito
por Garcia Mendoza y Novaes-Ledieu (12). La tincién de las bandas de glicoproteinas se
llevo a cabo mediante el método de Keyser (15), v 1a determinacion de pesos moleculares
se realizo segan el métedo de Shapiro y cols. (29).
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Fig. 1. Cortes finos de las membranas plasmaticas de C. utilis obtenidas utilizando diferentes tipos de rotura:
a) homogeneizaciéon en el fraccionador de Ribi (x39.800), b} en el homogeneizador de Braun (x45.100). c) en el
desintegrador ultrasénico (x55.400}, d) en el Omnimixer Sorvall (x44.600). Se observan membranas plasmaticas
parcialmente vesiculadss en a, b, ¥ ¢, con escaso nivel de contaminacion particulada, mientras que en d, aparecen
las membranas plasméticas abiertas, de mayor tamafio y practicamente libres de contaminacion particulada.
observandose en su superficie la presencia de «pelos»,
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Andlisis enzimdatico
La valoracion de las actividades ATPasa, succinico deshidrogenasa y NADPH-

citocromo C reductasa se llevd a cabo medianie los métodos de Serrano (28), Marriot (19)
vy Dow et al. (7) respectivamente.

Resultados

Los métodos utilizados para el aislamienio de las membranas plasmaticas de la
levadura C. utilis son el resultado de una serie de experimentos previos con objeto de
obtener condiciones dptimas. Las Figuras la y b muestran las preparaciones de
membranas plasmaticas obtenidas mediante rotura mecanica de células enteras con los
aparatos de Ribi y Braun seguida de purificacion de estas membranas por agregacion de
las membranas no plasmaticas a su pH isoeléctrico. Se observa que las membranas
plasmaticas estan parcialmente vesiculadas, pero no aparecen vestigios de membranas
mitocondriales. Algunas vesiculas contienen algiin material particulado en su interior y
posiblemente citoplasmico soluble. Las Figuras Ic y d muestran las preparaciones de
membranas plasmaticas obtenidas por homogeneizacion de esferoplastos mediante
ultrasonidos ¥ en el Omnimixer Sorvall respectivamente, apreciandose entre ellas claras
diferencias. En el caso de utilizar la homogeneizacién ultrasonica las membranas
aparecen igualmente vesiculadas en parte v con ligera contaminacion particulada y/o
soluble pero cuando se utiliza el Omnimixer Sorvall las membranas plasmaticas muestran
una apariencia bien distinta. Dichas membranas se encuentran completamente abiertas,
de gran tamaiio y consecuentemente con mayor grado aparente de pureza. Se observa en
su superficie la presencia de estructuras semejantes a «pelos», nc observados con los
anteriores métodos de ruptura, y descritas por otros investigadores (24, 26).

Los analisis quimicos realizados en estas preparaciones de membranas muestran que
los componentes mayoritarios son proteinas y lipidos, con variable proporcion de
carbohidratos y pequefias cantidades de acidos nucléicos (Tabla 1). Los valores de
proteinas proximos a 40 % pueden ser debidos a una ligera contaminacion de material

TABLA |

ANALISIS QUIMICO DE LAS MEMBRANAS PLASMATICAS DE €. utilis UTILIZANDO
DIFERENTES CONDICIONES DE HOMOGENEIZACION

9% en peso seco

a partir de celulas enteras a partir de esferoplastos

Componentes | Fraccionador Ribi- | Homogeneizador Braun | Desintegr. Ultrasonico | Omnimixer Sorvall

Proteinas 38,3 £3,50 39,0+ 3,50 39,0£ 3,50 33,0 £ 3,00
Lipidos 35,0+ 3,50 - 340£3,00 33,5+ 300 31,0+ 3,50
Carbohidratos 19,9+ 1,50 20,4 £ 2,00 16,04 1,50 17,0 + 1,50
ARN L3+ 0,10 1,32 0,10 1,1 0,10 0.8+0,10

ADN 0,5 0,05 0,720,100 0,3 10,05 0,2 +0,05
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protéico o soluble en las tres primeras preparaciones de membranas. Los lipidos se
encuentran dentro de los margenes que cabria esperar, mientras que los carbohidratos se
muesiran mas elevados en las preparaciones procedentes de células enteras homogenei-
zadas mecanicamente, Los valores de ARN v ADN se encuentran dentro de las cifras
‘habituales en estas preparaciones v descienden en las preparaciones de membranas a
partir de esferoplastos homogeneizados en el Omnimixer Sorvall. El anlisis electroforeé-
tico de las proteinas de las membranas plasmaticas de C. ufilis da como resultade en las
diferentes preparaciones la presencia de 24-28 bandas polipeptidicas cuyos pesos
moleculares se encuentran comprendidos entre 10.000 v 250.000 (Fig. 2). De estas
bandas, 10 con pesos moleculares de 12.000 a 180.000, reaccionan positivamente a la
tincion de Schiff por lo que se trata de glicoproteinas. Las diferencias encontradas en las
distintas preparaciones son principalmente cuantitativas debido en parte a posibles
contaminanies en algunas de las preparaciones y también al diferente tipo de homoge-
neizacion celular llevado a cabo, con los consiguientes efectos en las correspondientes
membranas. Se utiliza como patrén electroforético el obtenido con las membranas
plasmaticas de 1a misma levadura preparadas mediante particion de fases (25).
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Fig. 2. Distribucién electroforética de las proteinas de las membranas plasmaticas de €. utifis. a) Patron
{purificacion mediante particion de fases, b) purificacion mediante pH isoeléctrico utilizando diferentes tipos de
rotura: b} fraccionador Ribi, b, homogeneizador Braun, by} desintegrador Ultrasénico, b,) omnimixer Sorvail. Se
indican los pesos moleculares de las bandas principales en KDal, ¥ las bandas positivas al reactivo de Schiff
(flechas).

El esiudio de los enzimas presentes en las preparaciones de membranas plasmaticas
de C. utilis ha mostrado ser particularmente 1til cuando cada enzima es caracteristico de
un organulo dado. La ATPasa de la membrana plasmatica, insensible a la oligomicina
(mientras que la ATPasa de mitocondrias es sensible a dicho antibidtice), la succinico
deshidrogenasa, enzima caracteristico de las membranas mitocondriales y la NADPH-
citocromo C reductasa, enzima marcador del reticulo endoplasmico, nos dan una medida
del grado de pureza de nuestras preparaciones.
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La Tabla 2 muestra como las preparaciones de membranas plasmaticas presentan
altos niveles de ATPasa insensible a oligomicina mientras que las actividades succinico
deshidrogenasa vy NADPH-citocromo C reductasa estan practicamente ausentes en
nuestras preparaciones. La ligera inhibicion que muestra la oligomicina sobre la ATPasa
de membranas plasmaticas ha sido igualmente descrita por otros investigadores (1, 10,
20, 23, 28) por lo que no se considera debido a contaminacion mitocondrial,

TABLA 2.
ACTIVIDADES ENZIMATICAS ESPECIFICAS DE LAS MEMBRANAS PLASMATICAS
DE C. atilis UTILIZANDO DIFERENTES TIPOS DE ROTURA

ATPasa Succinice |NADPH-citocromo
Membranas plasmaticas — oligomicina + oligomicina| deshidrogenasa C reduectasa
a partir de cé- |Fraccionador Ribi 1,16 0,99 0.3 0,011
lulas enteras | Homogeneizador Braun 1,17 1,00 0,15 0,010
a partir de es-| Desintegrador Ultrasdnico 1,15 1,01 0,10 0,010
feroplastos | Omnimixer Sorvall 1,15 1,03 0,05 0,009

Las actividades se expresan en umoles de sustrato transformado/min/mg proteina.
La oligomicina fue wiilizada 2 una concentracion de 10 pg/ml.

Discusion

Los diferentes métodos descritos en la fiteratura para la obtencion de membranas
plasmaticas de levadura(1,2,4,5,8,9,11, 13,15, 17,19, 20, 23, 27} en muchos casos
han mostrado suministrar preparaciones con cierto grado de contaminacion citoplasmica.
El método descrito por Fuhrmann y cols. (10) basado en la agregacidn de membranas
mitocondriales e internas a su pH isoeléctrico permite la preparacién de membranas
plasmaticas con aceptable grado de pureza dependiente de diferentes factores a considerar.,

Cuando se utiliza homogeneizacion (en el fraccionador de Ribi o en el homogeneiza-
dor de Braun) a partir de células enteras de C. utilis y se purifican por agregacién de las
otras membranas a su pH isoeléctrico, se obtienen preparaciones de membranas
plasmaticas de un aceptable grado de pureza deducido de los diferentes marcadores
utilizados al efecto.

Cuando se utilizan esferoplastos de C. utilis homogeneizados en el desintegrador
ultrasonico y purificados de igual modo, se obtienen preparaciones semejantes a las
anteriormente descritas por cuanto en todas ellas existe mayor o menor grado de
vesiculacion y por tanto de posible contaminacion. En el caso de homogeneizacion de
esferoplastos en €l Omnimixer Sorvall, por tratarse de una rotura mas suave y controlada
las membranas plasmaticas se mantienen abiertas y de mayor tamafio con lo gue se evita
practicamente que el material citoplasmico quede englobado en el interior de las mismas.
Por otra parte, el hecho de que estas preparaciones de membranas hayan mostrado la
presencia de estructuras superficiales semejantes a «pelos» ya descritas anteriormente
por otros investigadores (24, 26) y que pueden corresponder a glicoproteinas y
polisacaridos transportados a través de la membrana, reafirma una vez mas la importan-
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cia de la homogeneizacion suave que permite que estructuras muy tabiles permanezcan
unidas a dicha membrana lo que no acurre con los otros tipos de rotura celular mas
drastica. Considerando que en todos los casos la purificacion de las membranas
plasmaticas ha sido la misma, es decir la agregacion de las membranas no plasmaticas en
presencia del mismo tampon protecior, se puede resaltar, a la luz de los diferentes
resultados obtenidos mediante microscopia electronica, la importancia de la homogenei-
zacion celular previa a dicha purificacion.

Los demas marcadores utilizados para definir el grado de pureza de nuestras
preparaciones; analisis quimico, perfiles electroforéticos de proteinas y actividades
enzimaéticas confirman los resultados obtenidos por microscopia electronica.

Por ello, sin descartar otros métodos de preparacion de membranas plasmaticas de
C. utilis, se puede concluir que la homogeneizacién suave de esferoplastos constituye el
factor mas importante en la obtencién de preparaciones de estas membranas, no sdlo en
cuanto al mayor grado de pureza sino también en cuanto a su tamafo e integridad.
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Isolation of methanogenic bacteria able to grow
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Summary

A new obligate halophilic methane-producing bacterium has been isolated from the
sediment of solar salt ponds. This isolate was unable to grow at or below 12 9% salt
concentration and used H, /CO, (80/20) as energy and carbon source. No growth or
methanogenesis was observed with other reduced substrates. This is, to our knowledge,
the first obligately halophilic methanogenic bacteria described. Since the phylegenetic
nexus between methanogenic and halobacteria seem to be relatively close, the study of this
organism could help to understand the relations between these two groups of archae-
bacteria.

Key words: Archaebacteria, halophilic methane-producing bacteria.

Resumen

Una nueva bacteria productora de metano y haldfila obligada ha sido aislada a partir
del sedimento de una salina solar, Este microorganismo fue capaz de multiplicarse a
concentraciones salinas del 12 % o inferiores y utilizaba H, /CO |, (80/20) como fuente
de energia y carbono. Con otros substratos reducidos no se observd ni multiplicacion
celular ni metanogénesis. Este es el primer caso de bacterias metanogénicas, haléfilas
obligadas descrito hasta la fecha. Dado que las bacterias halofilas y metanogénicas
parecen estar filogeneticamente bastante relacionadas entre si, el estudio de este
microorganismo podra ayudar a comprender las relaciones existentes entre dos grupos
de arquebacterias.

Introduction

Archaebacteria are composed basically of three groups: methane-producing bacteria,
thermoacidophilic bacteria and halobacteria which usually live in extreme habitats. The
first group is able to grow in a'reduced atmosphere using very reduced substrates to form

* Present adress: Departamento de Microbilogia, Facultad de Medicina, Alicante, Spain.

£ Present adress: Departament of anaerobic Microbiology, Virginia. Polytechnic Institute, Blacksburg, Virgi-
nia 24061, USA.

* Corresponding author,



30

CH,, under strictly anaerobic conditions (11). Most of the members of the second group
habe been isolated from continental volcanic areas and grow optimally between 70°C or
above (8). The last group grows optimally between 25 % and 30 % salt concentration at
40°C (2). Phylogenetically, there are more similarities between methanogens and
halobacteria than either of these two groups have with thermoacidophilic bacteria (10).

Very few attempts have been made to isolate halophilic methane-producing bacteria,
in spite of the existence of abundant anaerobic populations in highly hypersaline environ-
ments (7). Zhilina (13) characterized a halotolerant methanogen isolated from cyano-
bacterial mats in Australia. In the present work we have isolated an obligately halophilic
methanogen from the anaerobic sediment below the gypsum crust of a multi-pond saltemn.
Some characteristics of the isolate are described.

Materials and Methods

The samples were collected in sterile hermetical containers from 20 cm under the
sediment surface in a multi-pond saltern (Alicante, Spain), the water of the two ponds
sampled contained 27 % and 30 % (w/v) total salts, as was shown by weighing the
remaining salt after drying the water. The samples were spurged with N, to maintain
anaerobic conditions during their transport. Aliquots of ca. 1 em? of the sediment from
the bottom of the sample containers were transferred to serum vials (Wheaton Scientific,
Millville, N.J.) with 25 mi of the following medium (w/v): NaCl 23.4 %, MgCl,1.95 %,
MgS0, 2.9 %, CaCl, 0.11 %, KCI 0.06 %, NaHCO, 0.02 %, NaBr 0.08 %. The
atmosphere of the vials was H,/CO,{80/20) and they were incubated at 37°C. Methane
production was detected by gas chromatography in a Carle 9300, From the vials where
methane was detected after incubation, 5 ml were transferred to 160 ml serum vials that
contained 45 ml of enrichment medium (w/v): salts as above, 0.02 % yeast extract
{Difco}, 1 % mineral mix (1) and 0.0001 % resarzurin. All-.compounds were dissolved and
the pH adjusted to 6.5. The medium was boiled prior to inoculation to remove O, The vials
‘were incubated at 37°C and checked iwice a day for methane production. To isolate pure
«cultures, serial dilutions were carried out from 10" to 10~ and colonies were isolated by
the roll-tube technique (3) with the same medium as in the enrichment supplemented also
‘with vancomycin (100 mg/L) to inhibit the growth of non-methanogenic organisms, and
agar 2 % (w/v). Colonies were picked with a bent, sterile Pasteur pipette. The plugs of
agar containing the colonies were transferred to 50 ml liguid media of the same
composition. Part of the colony was examined with a Zeiss Universal Microscope
equipped with an epi-illuminant ultraviolet lamp and a x100 Neofluor objetive lens to
detect the F ,, coenzyme (4). Aliquots 2 ml of the liquid culture were transferred to 4
serum vials with 0.02 % (w/v) yeast extract, 1 % (w/v) mineral mix, 0.0001 % (w/v)
resarzurin and N,8 0.025 % (w/v) containing: 50 mM trimethylamine, 50 mM sodium
formate or 50 mM sodium acetate (Sigma} under N/CO, (80/20) atmosphere and
H,/CO,(80/20). All the substrates were tested with a total salt concentration of 30 %.
Different salt concentrations (12 %, 17 %, 25 %, 30 %) were assayed with a medium
containing (w/v): 0.02 % yeast extract, 1 % mineral mix, 0.0001 % resarzurin, 0.025 %
Na,8 and H,/CO, (80/20) incubated at 40°C, Diferent temperatures (20°, 30°, 37°,
40°) were also assayed with a medium containing (w/v): 0.02 % vyeast extract, 1 %
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mineral mix, 0.0001 % resarzurin, 0.025 % Na,S, 30 % salt concentration and H,/CO,
(80/20).

The growth was followed measuring the total protein content (9) in a Beckman DU-7
spectrophotometer and measuring also the increase of methane.

For scanning eleciron microscopy examination of the cells, they were collecied on
polycarbonate membrane filters and fixed with 2 % glutaraldehyde. The specimen was
then placed in a small vial and with a Pasteur pipette all the liquid was removed and
replaced with ca. 2 ml of acidulated 2,2-dimethoxypropane for 5 minutes. The 2,2-
dimethoxypropane was replaced with 100 % ethanol dried over anhydrous CuSQ, then
the ethanol was replaced with liquid CO, The filter was then placed on a stub and
observed in a Philips P-SEM scanning microscope.

Results and discussion

Methane production was detected in three out of six vials containing the sediments
plus salts, All the enrichments inoculated from them showed growth after 12 days of
incubation with increase of the protein content and methane production. The microscopic
examination of the enrichments showed the presence of irregularly shaped bacteria
occurring in groups, which fluoresced blue-green when examined by UV light. From
each enrichment colonies were isolated in roll-tubes, all were white, circular to oval in
shape with irregular margins. Some were isolated and one of the isolates was submitted to
further study. This isolate produced methane from H,/CO, or trimethylamine, but not
from acetate or formate, although growth was detected with all but formate. The salt
response of this isolate can be classified as extremely halophilic. Growth occurred
between 17 % and 30 % salt concentration, showing the highest methane production at
30 % total salts (Fig. 1).Neither growth nor methanogenesis was detected at 12 % salts
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Fig. 1. Methane and protein amounts produced by the halophilic methanogenic isolate after 20 days of growth at
different salt concentration. @, methane;, ©, protein.
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or below, Optimal growth and methane production occurred at 40°C (Fig, 2), although
production of methane was also detected at the other temperatures tested. Under all
circumstances, growth was relatively slow compared with other methanogenic bacteria.

crg{ pmobrpny
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e L T
Fig. 2. Methane production at different temperatures of the halophilic methanogenic isolate. @, 40°C; 0, 37°C;
0. 30°C: |, 20°C.

Fig. 3. Clumps of the halophilic methanogenic isclate attached to a piece of agar.

Morphologically this organism has been shown to be very pleomorphic forming
clumps of cells (Fig. 3) which were very small, being in general under 1 um. Fluorescence
microscopy showed the presence of F ,, in the cells, which is an unique characteristic in
methanogens (4). '
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Very little is known about the anaerobic microflora of hypersaline environments,

although it is clear that up to considerably high concentrations there exist abundant
anaerobic populations in the sediments of hypersaline ponds and lakes (5, 7, 12). The
presence of methanogens was also to be expected. However, the existence of halophilic
methanogens represents an interesting finding from a phylogenetic point of view. It has
been proposed that halobacteria are related to methanogens (10), therefore our isolates
could belong to a group with certain intermediate characteristics.

Qur results leave little doubt that our isolate is an extremely halophilic methanogenic

bacterium. Studies are under way to obtain a proper taxonomic description.
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Summary

A phage-associated murein hydrolase activity (PAL) induced in an gutolysis-
defective mutant of Streptococcus prneumoniae infected with the bacteriophage Dp-1 has
been recently isolated and purified to elecirophoretic homogeneity as well as bioche-
mically characterized as an endo-N-acetyl-muramyl-L-alanine amidase (1, 3, 4). The
PAL and the inactive form (E-form) of the host cell autolysin show a remarkable
biochemical similarity, although they differ in their immunoclogical characteristics. The
PAL was adsorbed onto a live, defective mutant of pneumococcus (cwl) and such cells
reverted te the wild type phenotype (vcured» cells) in some important characteristics
present in the wild type strain (R6), as: i) lysis of the culture in the stationary phase,
ii) protoplast formation by hypertonic sucrose, and iii) bacteriolytic response against the
penicillin in contrast with the bacteriostatic response of the «non-cured» cwl. The
adsorbed enzyme segregates during growth of the «cured» cells. Our results demonstrate
that PAL acts in the phenotypically «cured» cells in a similar way to that previously
described for the host enzyme, and also confirm the finding that the autolysins play a
direct role in the irreversible effects produced in S. pneumoniae by the betalactamic
antibiotics.

Key words: Phage-induced amidase, pneumococcus, phenotypical curing.

Resumen

La PAL es una enzima litica inducida por el bacteriofago Dp-1 en un mutante de
Streptococcus preumoniae. Esta enzima ha sido recientémente aislada, purificada a
homogeneidad electrorética y caracterizada bioquimicamente como una endo
N-acetil- muramil-L-alanil amidasa (1, 3, 4). La PAL posee una gran semejanza bioqui-
mica con la autolisina de la célula huésped (forma E) pero se pueden diferenciar entre si
inmunolégicamente. La PAL, al ignal que la amidasa de neumococo, se adsorbe a un
mutante de neumococo {¢wl} que carece de autolisina y las células asi tratadas (células
«curadas») revierten al fenotipo de la cepa salvaje (R6) en una serie de propiedades tales
como; i} lisis del cultivo en la fase estacionaria, ii) formacion de protoplastos cuando las
células se resuspenden en presencia de altas concentraciones de sacarosa y iii) recupe-
racion de la respuesta litica frente a la penicilina. La enzima adsorbida a la célula se

* A quién se dirigira la correspondencia.
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segrega en la descendencia celular durante la multiplicacion del cultivo. Los resultados
demuestran que la enzima inducida por el bacteriofago Dp-1 se comporta en las células
fenotipicamente «curadas» de forma similar a la enzima E y se confirma, de forma di-
recta, el papel de las autolisinas en los procesos irreversibles inducidos en neumococo
por los antibidticos beta-lactamicos.

Introduccion

Las autolisinas son enzimas que se encuentran ampliamente distribuidas en la natu-
raleza, que hidrolizan uniones especificas de los peptidoglicanos de la pared celular. En
Streprococcus preumoniae se ha descrito y purificado a homogeneidad electroforética (5)
una sola autolisina, la N-acetil-muramil-L-alanil amidasa, que interviene en una serie
de interesantes fendomenos bioldgicos como son la lisis bacteriana al final de la fase
estacionaria de multiplicacion, los procesos irreversibles (lisis y muerte celular) que se
desencadenan al tratar estos microorganismos con antibidticos beia-lactamicos, la
transformacién bacteriana, etc. (14). Sin embargo, aunque se ha postulado que la autoli-
sina de neumococo interviene en la separacion de las células hijas, mutantes que carecen
casi por completo de autolisina (1yt?) o células en las cuales se ha reemplazado la colina
por etanolamina en su pared celular ¥ que carecen totalmente de autolisina en su forma
activa (forma C) son capaces de multiplicarse sin presentar aparentemente grandes
cambios en su desarrollo fisiolégico. De aqui que recientemente se haya puesto en
discusion el papel de las autolisinas en células que se multiplican en medios normales (135).
En 1977, se demosird que la amidasa de neumococo (11) también interviene en la
liberacion de la descendencia fagica en ¢élulas infeciadas con el bacteriofago Dp-1. El
hecho de que en mutantes lyt~ infectados con Dp-1 también se podian dar cicles liticos
productivos nos llevo al aislamiento y purificacion de una nueva amidasa (PAL) que ha
sido recientemente purificada a homogeneidad electroforética (1, 3). Asimismo, hemos
demostrado que la forma inactiva (forma E) de la autolisina de neumococo y la PAL son
muy similares desde el punto de vista de su composicion quimica pero que se pueden diferen-
ciar entre si por criterios inmunoldgicos y por ciertas propiedades quimicas (4}, como es el
hecho de que la actividad de la PAL se estimula en presencia de agentes reductores.

Por otra parte se ha visto que la autolisina purificada de la célula huésped podia dar
lugar en células lyt™ a un interesante fenémeno denominado «curacién fenotipica» que
hace que tales mutantes «reviertan» temporalmente al fenoctipo salvaje (16, 17). Con el
fin de contribuir a un mejor conocimiento de la actividad de las autolisinas en neumo-
coco en el presente trabajo investigamos si la amidasa inducida duranie la infeccion
fagica puede desempeiiar en los mutantes lyt™ un papel semejante al de la enzima E.

Materiales y Métodos

Bacterias, bacteriéfagos y medios de cultivo.

S. pneumoniae cepa R6 procede de la cepa R36A, cepa salvaje, de la coleccion de la
Universidad Rockefeller. Cw! es un mutante de R6 defectivo en la autolisina presente en
la cepa salvaje (7). El bacteriofago Dp-1 ha sido descrito en trabajos anteriores (8), asi
como la obtencién y purificacion de 1a enzima PAL (1,3). El medio sintético (medio C)
empleado para cultivar S. preumoniae ha sido descrito anteriormente al igual que la
preparacion de la autolisina (5, 13).
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Preparacion del suero anti-PAL

La preparacion del antisuero fremte a la enzima PAL ha sido descrita en una
publicacion anterior (2). Los ensayos de inmunodifusién se realizaron empleando la
técnica de Quchterlony (10).

Sensibilizacion de la enzima PAL ahadida al medio

La preparacion de células mutantes de neumococo conteniendo PAL («curadas») se
hize segun el siguiente método: 50 ul de enzima PAL purificada se afaden a 1 ml de un
cultive del mutante cwl (2,5 x 107 a 2 x 10® UFC/ml) y se incuban a 37°C durante 30
minutos. Las células asi tratadas con la PAL se denominan «curadas», como en los
experimentos descritos anteriormente (17) para la enzima E de la célula huesped. Estas
células «curadas» se emplearon en los diferentes experimentos descritos en «Resultados».

Oiros métodos empleados en el presente trabajo han sido descritos anteriormente:
La lisis de los cultivos bacierianos se siguid por nefelometria (N). La sensibilidad de los
cultivos al desoxicolato sodico (DOC) se determind anadiendo 10 ul de DOC (10 %) a
1 mi de cultivo bacteriano, se incubé la mezcla a 37°C durante 20 minutos y se midi6 la
variacion de la densidad éptica con respecto al valor inicial (17). Las fotografias fueron
obtenidas en un microscopio Optico marca Leitz equipado con una c4mara Orthomat.

Resultados

Las amidasas PAL y E poseen una estructura quimica primaria casi idéntica (4), sin
embargo el empleo de un antisuero obtenido frente a la PAL (1) demuestra claramente
(Fig. 1) que no existe una identidad antigénica entre la PAL y la forma activa (forma C)

Fig. 1. Placa de inmunodifusién ¢n agarosa siguiendo la técnica de Quchterlony (10) pocillo 1: enzima PAL;
pecille 2: anti-PAL; pocillo 3: enzima E convertida a la forma C de Ia autolisina de neumococo (5).

de la autolisina, debido probablemente, a que poseen estructuras terciarias que se
diferencian entre si, como ha sido sefialado anteriormente en otros sistemas (4). Pese a
esta diferencia estructural y dado que ambas enzimas degradan «in vitro» paredes de
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neumococo que contienen colina (2) quisimos comprobar si la PAL podia desempefiar
una serie de actividades fisiologicas descritas como normales en el caso de la forma E.

La Figura 2 muestra que un cultivo del mutante cwl se estabiliza al final de Ia fase
exponencial de multiplicacion mientras que las células de cwl que han sido tratadas con
la enzima PAL purificada se comportan como las estirpes salvajes de S. preumoniae, es
decir se lisan al final de la fase estacionaria. La observacion microscépica de ambos tipos
de cultivos, previamente incubados en sacarosa al 20 %, revela la rapida formacién
de protoplastos en el caso de las células «curadas» fenotipicamente.
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Fig 2. Lisis en la fase estacionaria de un cultivo de cwl tratado con PAL. Un cultivo de ewl (2,5 x 10? UFC/ml) se
tratd con PAL (50 ul de enzima purificada, 1.125 Unidades) (O~——0) y se incub6é a 37°C. Un cultivo
control (#——®) no recibio PAL. La multiplicacién y la lisis se siguieron por nefelomeiria. La flecha indica el
momento en que se afiadié PAL. La fotografia superior correspende a un cultive no «curado» ¥ la inferior & un
cultive «curado», ambos fuerons tratados con sacarosa al 20 % durante 30 minutos a 37°C.

La Tabla 1 presenta una serie de pruebas en las que se demuestra que las células
mutantes que han sido fenotipicamente curadas con la PAL se comportan de forma
similar a la estirpe salvaje, como sucede cuando la estirpe ewl ha sido tratada con la
forma E de la autolisina de la célula huésped (15, 16).

Asimismo, ¢n la Figura 3 se presenta un experimento en el cual se estudia el compor-
tamiento del mutante cwl a diferentes tiempos después de que la célula ha sido tratada
con la PAL. La capacidad litica del cultivo frente a los detergentes disminuye
rapidamente a medida que se multiplica el cultivo hasta recuperar su resistencia frente a
1a lisis por el desoxicolato sodico. No obstante 1a capacidad de curacion del cultivo no es
tan marcada como en los experimentos en que se uso la enzima E (16). Se ha demos-
trade que la estirpe cwl es resistente a la lisis en presencia de penicilina; la adicion
de PAL purificada al medio de crecimiento en presencia de diferentes concentraciones de
penicilina trae consigo que esta estirpe lyt— muestre una respuesta bacteriolitica frente a
la droga (Fig. 4) como sucede en el caso de la estirpe salvaje R6. Asimismo, se puede
observar una vez mas, que la PAL por si misma no afecta a la multiplicacion del cultivo.
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TABLA 1

COMPORTAMIENTO DE CWL TRATADO CON PAL FRENTE A DIFERENTES AGENTES
BACTERIOLITICOS

Tratamiento Grado de lisis (% de variacidén de densidad optica)
DOC (200 pg/ml) 80
A Vancomicina {50 pg/ml) 80
Tripsina (! mg/ml) 3
Control 0
Cloranfenicol (100 pg/ml} 20
B 5-hidroxifenilazauracilo (0,1 pg/ml) 70
5-fluorodesoxiuridina (1 pg/mi) 70

Un cultivo de cwl a una concentracién de 1 x 107 UFC/ml, fue tratade con PAL como se indica en Materiales y
Métodos. A continuacion los cultivos fueren tratados: (A) con las sustancias indicadas, durante { hora, y tratadas

con desoxicolato sodico ¥ sus variaciones en densidad dptica medidas por nefelometria, o {B) tratadas con las sus-
tancias indicadas y a los 90 minutes se afadié desoxicolato y se midieron sus variaciones en densidad éptica.

<30
\Q<g
IODI— S
90
80
70

60

Célulos resistentes a lo lisis (%)

50

401

1 1 1 L
1 2 3 4

N2 de Generacion

Fig. 3. Reversion de las células cwl «curadas» fenotipicamente con la PAL durante su multiplicacion. Un cultivo
de 1z cepa cwl fue tratado con PAL en las condiciones indicadas en ¢l pie de la Figura 2. A diferentes tiempos
se tomaron muestras del cultivo que fueron tratadas con desoxicolato sédico como se indica en Materiales y
Metodos y las variaciones en densidad optica del cultivo se tomaron como indice de sensibilidad del cultiva fren-
te a los detergentes. Se representa esquemdticamente, por areas sombreadas, la porcion de las células que contie-
nen enzima en los diferentes tiempos indicades en la grafica.
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Fig. 4. Tratamiento de ¢cwl con PAL y penicilina. Porciones de vn cultivo de cwl en fase expenencial de mul-
tplicacion se tratzron con diferentes concentraciones de penicilina{1): 1,0 U/ml (3 y 4); 0,1 U/ml {6} y 0,03 U/ml
(7). Los experimentos 4 y 7 recibieron también PAL (1) 50 pl de enzima purificada, 1.125 unidades. El
experimente 2 recibid sélo PAL y el 1 correspondia a un cultivo control de ewl que no recibid ni antibiot-
©0 ni enzima,

Discusion

Los resultados presentados demuestran que la amidasa PAL, inducida por el
bacteridfago Dp-1 en S. pneumoniae, es capaz de ser introducida en células vivas de un
mutante de neumococo que carece de autolisina activa a 37°C, al igual que ha sido
descrito en la literatura para el caso de la enzima E de S. preumoniae (16, 17). La acti-
vidad biologica de la PAL en células de cwl se pone de manifiesto por €]l hecho de que las
¢tlulas fenotipicamente «curadas» recuperan su capacidad de lisis al alcanzar la fase
estacionaria de cultivo. Asimismo, estas células son capaces de formar protoplas-
tos (Fig. 2) en presencia de altas concentraciones de sacarosa como sucede en ¢l caso de
la estirpe salvaje que posee niveles normales de amidasa (12), mientras que el mutante no
«eurado» no da lugar a la formacion de protoplastos. La PAL ha sido bioquimicamente
caracterizada, al igual que la enzima E, como una N-acetil-muramil-L-alanil amida-
sa (4) con la cual presenta una gran similitud, pero no identidad quimica como se ha
demostrado por el analisis de sus pépticos tripticos (8) y por sus caracteristicas inmu-
nolégicas (Fig. 1). .

El hecho de que después de que las células fenotipicamente «curadas»(Fig. 3)
recuperen su resistencia frente a los detergentes y de que la tripsina (Tabla 1) proteja a
las células «curadas» frente a la lisis indica que las moléculas de PAL se adsorben a la
pared celular a la cual lisan posteriormente al igual que se ha postulado anteriormente en
el caso de la estirpe salvaje tratada con antibidticos beta-lactamicos o con el bacterig-
fago Dp-1 (11).

Finalmente, la «curacién» fenotipica del mutante cwl con la PAL restituye en esta
estirpe ¢l efecto bacteriolitico inducido por 1a penicilina. Este efecto letal también ha
sido descrito cuando ¢wl fue fenotipicamente curado con la enzyma E (16) asi como en
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8. sanguis tratado con una murein hidrolasa obtenida del bacteriéfago C1 (6). ‘Al igual
que en este nltimo caso, la principal conclusion que se puede desprender de este tipo de
experimentos es que bacterias «tolerantes» a la penicilina adquieren la capacidad
de responder frente a estas drogas, como lo hace la estirpe salvaje que contiene niveles
normales de amidasa, por la simple «curacién» empleando una amidasa de origen fagico.
Una vez mas estos resultados confirman la participacion directa de las enzimas liticas en
los procesos irreversibles inducidos por los antibiéticos beta-lactamicos (15).
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Summary

The preA and proB genes from Escherichia coli have been cloned using the plasmids
pBR322 and pBR3235 as vectors. The episome ¥128 (proA B, lac) was used as cloning
DNA source. Both genes were firstly located within a 10 kilobases EcoRI DNA
fragment ot the episome. Subcloning experiments showed that both proteins were coded
by a 3 kilobases PstI DNA fragment. Although, the recombinant plasmids containing the
prod and proB genes were able to complement the Pro— phenotype of different E. coli
strains, bacteria harboring these plasmids did not excrete L-proline to the culture
medium. Nevertheless, an operen, pro4 B, able to confer to E. coli cells the property of
excreting L-proline, was isolated from an UV-mutant of E. coli E5014 [F’ (proAB, lac}]
resistant to the L-proline analogue, thioproline. E. coli HB101 cells transformed with the
plasmid pJABP (UV) carrying the mutated proAB operon excreted up to 5 g/l of
L-proline, after 40 hours of fermentation at 37°C in a modified M63 minimal medium.
The production of L-proline was not increased when the proC gene was inserted in the
plasmid pJABP (UV). '
Key words: L-proline biosynthesis, molecular cloning, E. coli.

Resumen

Los genes proA yproB de Escherichia coli han sido clonados en los vectores pBR322
y pBR325. A partir de un mutante — UV de E. coli E5013 [’ (proAB, lac)] resistente a
tioprolina, se ha aislado un operon proAB capaz de conferir por transformacion a otras
ceélulas de E. coli un fenotipo excretor de L-prolina. Las células de E. coli HB101 trans-
formadas con el plasmido pHABP (UV) excretan al medio de cultivo hasta 5 g/l de
L-prolina. La inclusién del gen proC en este plasmido no parece contribuir a la mejora de
la produccion de L-prolina en estas células.

Introduceidon

La produccion de aminoacidos por fermentacion ocupa en la actualidad un impor-
tante sector dentro del campo de la biotecnologia. Las técnicas clasicas de mutacion y
seleccion han constituido durante mucho tiempo las tinicas vias de acceso para la mejora

¥ A quien se dirigira la correspondencia.
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de los organismos productores. Sin embargo, la aparicion de las nuevas técnicas de
Ingenieria Geenética junto con la copiosa informacion que a lo largo de los afios se ha ido
acumulando acerca del metabolismo de los aminoacidos, hacen que hoy sea posible

. abordar el problema de la mejora desde nuevas perspectivas. En esta linea, el micro-
organismo Escherichia coli es sin duda el sistema biologico que mejor se conoce, tanto a
nivel genético como bioquimico y sobre el que se han desarrollado 1a mayor parte de las
técnicas de DN A recombinante. Por consiguiente, las células de E. coli constituyen un
sistema modelo para gstudiar la problematica de la hiperproduccion de aminoacidos
mediante manipulaciones por Ingenieria Genética.

La eleccion de la Ke-prolina se justifica en el hecho de que su ruta biosintética se
conoce con detalle (5, 9), es simple, ya que en ella participan exclusivamente tres ge-
nes (proAd, proB y proC) y ademas, se dispone de gran niimero de mutantes utiles para el
clonaje de estos genes (4). El control mas importante que se ejerce sobre la ruta se debe a
la inhibicion «feed back» que lleva a cabo la L-prolina sobre la glutamato quinasa
{proB) (4, 5, 9). Ciertas mutacicnes en el gen proB que anulan o disminuyen el efecto
inhibidor de la L-prolina son causa de la excrecion de este aminoacido al medio de cultivo,
actuando probablemente como un mecanismo alternative de regulacion (3, 5, 11).

En este trabajo se aborda ¢l clonaje de los genes proA, proB v proC en vectores de
alto mimero de copias, con objeto de incrementar la dosis génica por célula. También se
estudia el efecto que las mutaciones en el gen proB tienen sobre la excrecion de
L-prolina al medio de cultivo.

Materiales y Métodos

Cepas y vectores
Las cepas y veciores utilizados en este trabajo se detallan en la Tabla 1.

TABLA 1
RELACION DE CEPAS Y PLASMIDOS UTILIZADOS EN ESTE TRABAJO

Caracteristicas relevantes Procedencia
CELULAS
E. coli E5014 F128 (prod, proB, lacZYA) B. Bachmann
E. coli X63 prod »
E. coli X474 proB .
E. coli X418 proC ”
E. cofi HB101 recA, feuB, proAd A. Talavera
PLASMIDOS
pBR322 AmpR, TetR Referencia (2)
pBR325 AmpR, TetR, Cam® Referencia (2}

pJCE1 proC, Amp®, TetR 1. L. Garcia (Fig. 3)
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Medios de cultive

Los medios de cultive que se han empleado son: medio LB [1 % Bacto triptona (Difco),
0,5 % extracto de levadura (Difco), 0,5 % NaCl] y medio M63 [K,HPO, 9 g/,
KHPO, 4,5 g/l, (NH),S0O, 2 g/1, FeSO,7H,0 0,5 mg/LMgSO,7H,0 0,3 g/i,
¥ 2 g/l glucosa). Los medios solidos contienen ademas 1,5 % de agar (Difco). Segiin los
distintos experimentos, estos medios fueron suplementarios con el antibitico indicado,
tetraciclina (10 pg/ml), ampicilina (150 pg/ml) o cloranfenicol (20 pg/mi). La tiamina
{1 pg/ml) ¥ los aminoacidos requeridos (20 ug/ml) se aitadieron rutinariamente al medio
minimo M63.

Aislamiento y purificacion de los plasmidos

El plasmido F128 de la cepa E. coli E5014 se extrajo y purificé segun el pro-
cedimiento descrito por Hansen y Olsen (8). Los vectores de clongje y los distintos
plasmidos recombinantes se aislaron y purificaron con el método de lisis ya descrito (10).

Clonaje y Mapas de restriccion

Para los diferentes clonajes y mapas de restriccion se utilizaron endonucleasas de
restriccion de New England Biolabs, asi como el enzima T4 DNA ligasa (New England
Biolabs) segiin las recomendaciones de la casa suministradora. -

La preparacion de las células competentes y transformacion de las diferentes cepas
de E, coli se llevd a cabo segiin el procedimiento del CaCl, (10).

Determinacién microbiologica de la excrecion de L-proling

La determinacion de la cantidad de L-prolina excretada por las distintas cepas pro-
ductoras se realizé mediante un ensayo de complementacion auxotrofica utilizando 1a
cepa de E. coli HB101 (proA) como bacteria reveladora. El tamafno de los halos de
crecimjento de la bacteria reveladora alrededor de la excretora se empled para seleccio-
nar las cepas mas productoras en una primera etapa.

Andlisis de aminodcidos por HPLC

Las muestras procedentes de incubaciones a diferentes tiempos se trataron con
metanol y se centrifugaron a 12,000 x g durante 5 minutos para eliminar células y
protelnas antes de su analisis.

Los sobrenadantes se analizaron con un equipe cromatografico Beckman compuesto
de dos bombas mod. 112, un inyector mod. 340, un detector mod. 165 de variable y
doble longitud de onda ¥ una columna de cambio idnico para aminodcidos, que se
mantuvo termostatizada a 52°C. La fase movil que se utilizé fue tampon citrato sodi-
co 0,2 N ajustado a pH 3,1 con HNO, concentrado y que contenia 0,1 % de fenol. La
columna se regenerd diariamente con NaOH 0,2 N.

La deteccidn se realizé con el uso de reactivo de ninhidrina introducido a la salida de
la columna mediante una bornba de bajz presion pasando la corriente de liquido a un
serpentin de reaccion gque se mantuvo a 108°C, La lectura se realizd a 440 nm y 570 nm
en un registrador de doble canal LKB. :
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Resultados y Discusion

Clonaje de los genes proA y proB del episoma FI28

Como material genético de partida para el clonaje de los genes prod y proB de
Escherichia coli elegimos un episoma de E. coli de equipo F* que contenia dichos genes.
Esto supone una gran ventaja frente a la utilizacion de DNA cromosdmico de E, coli en
cuanto a la mayor eficiencia en el clonaje de los genes deseados por disminucion del
fondo. Con tal motivo, se utilizd el episoma F128 contenido en la cepa de E. coli E5014.

Fig. 1. Mapa de restriccion del plasmido pJABE]. Las abreviaturas de las endonucleasas de restriccién son:
B (BamHI); H (Hind IITY; P (Pst1); R (EcoRI); 8§ (Sall). Los marcadores de dicho plasmido se expresan por ApR
{resistencia a ampicilina) ¥ TcR (resistencia a tetraciclina).

El episoma F128 purificadd por gradiente de CsCl se digirié con EcoRI y los
fragmentos resultantes se subclonaron en el sitio EcoRT del vector pBR3235. La mezcla
de lipacion se utilizé para transformar células competentes de E. coli X474(proB) y de E.
coli HB101 (proA). La seleccion de los recombinantes que contenian los genes prod v
proB, capaces de complementar las mutaciones de estas dos cepas, se realizd en medio
minimo con todos los requerimientos necesarios para el crecimiento de las cepas
huéspedes excepto el aminoacido L-prolina, en presencia de 75 pl/ml de ampicilina. Al
cabo de 48-72 horas de incubacién a 37°C se aislaron diferentes colonias capaces de
crecer en este medio selectivo que presentaban fenotipo Pro+, AmpR, Tet?, Cams. Algu-
nos de los plasmidos de estos clones se aislaron y se estudié su mapa de restriccidon. Los
clones procedentes, tanto de E. colf X474(proB) como de E. coli HB101 (proA), conte-
nian plasmidos con un mismo tipo de inserto EcoRI-EcoRI de 10 Kb en las dos orienta-
ciones posibles. A estos plasmidos se les denomind pJABE1 v pJABE2, segun una u otra
orientacion. El mapa de restriccion de uno de estos plasmidos, pJABE]1, se muestra en la
Figura 1. Este plasmido es capaz de complementar las mutaciones prod v proB presentes
en distintas cepas de E. coli: X474 (proB), X463 (proA) y HB101 (pro A), Lo cnal
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confirma la presencia de ambos genes en dicho plasmide, genes que por otra parte, se
encuentran contiguos en el cromosoma de E. coli (5). Sin embargo, el plasmido pJABEI
es incapaz de complementar la mutacién de la cepa de E. coli X478 (proC) indicando
que ¢l gen ProC no se encuentra en el inserto. Este resultado es logico si tenemos en
cuenta que el gen proC esta situado muy distante de los genes proA y proB en el mapa
genético de E. coli (5).

Fig. 2. Mapa de restriccion del plasmido pJABPI1. Las abreviaturas de las endonucleasas de restriccion y
marcadores son idénticos a los detallados en la fgura 1.

Mediante manipulacion del plasmido pJABE! con diferentes endonucleasas de res-
triccion, las actividades proA y proB se localizaron en un fragmento Pst-Pst! de 3 Kb.
Este fragmento se subclon6 en pBR322, originandose los nuevos plasmidos pJABP] y
pJABP2 segin las dos orientaciones en que el fragmento puede insertarse en el sitio PstI
del vector. El mapa de uno de estos plasmidos, pJABPI, se muestra en la Figura 2.

Mutacion del episoma F128

Algunos autores (3, 5, 11) han sugerido que diversas mutaciones en el gen proB
neutralizan el efecto inhibidor de la L-prolina sobre la ghutamato-quinasa originandose
asi eepas excretoras de L-prolina. Con objeto de obtener un sistema excretor de L-pro-
lina se indujeron diversas mutaciones por radiacion UV en cultivos de E. coli E5014. Los
posibles mutantes excretores de L-prolina se aislaron en placas de medio minitmo en
presencia de tioprolina (800ug/mi) o deshidroprolina (20 pg/ml), como se ha descrito
anteriormente (3-5, 11). Se aislaron diferentes clones que crecian en estas condiciones al
cabo de 48-72 horas 2 37° C v se ensayaron para la excrecion de L-prolina. Aquéllos que
producian mayores halos de crecimiento en la cepa reveladora se seleccionaron como
posibles fuentes de un gen proB mutado. Para comprobar que la mutacion se encontraba
en el episoma F128 se pasé este plasmido por conjugacién a una cepa de E. coli HB101,
Las cepas resultantes de E. colf HB101 exconjugantes que contenian el episoma F128
mostraban fenotipo Pro+, consecuencia logica de Ia complementacion de la mutacion
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prod por parte del episoma y ademas se comportaban como excretoras de L-prolina, lo
cual demostraba la suposicion anterior. )

A continuacién, se aislo el plasmido mutado F128 (UV) y el operon prod-proB se
sitbclond, empleando las endonucleasas de restriccion EcoRI o Pst]l en pBR322 y
pBR325. Se transformaron las cepas de E. coli X463 (proA) y E. coli X474 (proB) y los
recombinantes se seleccionaron como se ha descrito anteriormente. Se obtuvieron los
plasmidos pJABE (UV) v pJABP (UV) en ambas orientaciones cuyos mapas son simi-
lares a los de la Figuras 1 y 2, pero en este caso los plasmidos conferian a las cepas
receptoras la posibilidad de excretar grandes cantidades de L-prolina. Esto parece
indicar que una muiacion, probablemente en el genproB, es 1a causa de la desregulacion
metabodlica en la biosintesis del aminoacido.

Mutagenizando con radiacion UV las cepas no excretoras que contenian los
plasmidos pJABE o pJABP y seleccionando las cepas resistentes a tioprolina o deshidro-
prolina, se obtuvieron idénticos resultados en cuanto a la excrecion de prolina.

Construccion de un plasmido con los genes proAd, proB y proC

Con objeto de estudiar cual podria ser el efecto de la hiperproduccion de L-prolina si
los tres genes de su ruta biosintética, proA, proB y proC, se clonaban en el mismo vector,
se construyd un plasmido de tales caracteristicas.

Fig. 3. Mapa de restriccion del plasmido pJCEL. Las abreviaturas de las endonucleasas de restriccion y los
marcadores son idénticos a los detallados en la figura 1, junto con los nuevas simbolos: X (Xhol); He (HincII), K
(Kpnl).

Se disponia en nuestro laboratorio de un plasmido denominado pJCE! (Fig. 3} que
contiene el gen proC de Kiebsiella prneumoniae. El mapa de restriccién del inserto
EcoRI-EcoRI de 10 Kb es idéntico al que se ha descrito para la region que contiene el
gen proC” del cromosoma de E. coli (1, 6, 7). Por otra parte, este plasmido es capaz de
complementar el fenotipo Pro—de la cepa E. coli X478 (proC) pero no el de las cepas con
mutaciones en los genes prod o proB. Por todo ésto, se puede considerar que este gen
proC es perfectamente funcional en E. coli.
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Para construir el plasmido que contiene los ires genes se inserté el fragmento
BamHI-BamH! de 4.3 Kb del plasmide pJACEI1 (Fig. 3) en el sitio BamHI del
plasmido pJABP1 (UV) (Fig. 2). Asi resultd el plasmido pJABC (Fig. 4) que es capaz de
complementar las mutaciones en los genes proAd, proB y proC en las cepas corres-
pondientes de E. coli. Ademas el plasmido pJABC confiere a estas cepas la propiedad de
excretar L-prolina ya que se ha construido a partir del plasmido pJABP1 (UV}), el cual,
gcomo ya se ha comentado anteriormente, poseia esta propiedad.

proA-proB
s s
Fig. 4. Mapa de restriccion el plasmido pJABC conteniendo los genes prod, proB (UV)}de E. coli y el genproC de

Klebsiella p snige, Las abreviaturas de las endonucleasas de restriccion y marcadores son idénticas a las
detaliadas en las figuras 1 v 3.

Valoracion cuantitativa de la excrecion de L-prolina

Ademas del método microbiologico se realizé la valoracion de L-prolina excretada al
medio de cultive mediante un método basadoe en su separacién por HPLC. Dicho pro-
cedimiento permite ademas cuantificar la excrecion de L-glutamato, que es en definitiva
¢] metabolito primario en la sintesis de L-prolina.

Se cbservé que la excrecion de L-prolina es absolutamente dependiente del tipo de
medio de cultivo utilizado en la fermentacion, ya que la cantidad de L-prolina excretada
en medios de cultive complejos, como LB, es practicamente despreciable y a medida que
la complejidad del medio disminuye, la cantidad de L-prolina excretada aumenta. Por
tanto, ademas de los facteres habituales de control, pH, aireacion, temperatura, etc.,
parece ser una condicién indispensable multiplicar las cepas excretoras em medios
minimes, a los cuales se les puede adicionar pequefias cantidades de fuentes de carbono y
nitrégeno organico como extracto de levadura y casaminoacidos para aumentar la
capacidad de multiplicacion bacteriana. En la Tabla 2 se reflejan las cantidades
excretadas de L-prolina que se han obtenido con distintas cepas y diferentes plasmidos a
las 40 horas de fermentacion a 37°C en un medio que contenia glucosa 40 g/l (NH),SO,
30 /1, KH,PO, 4,5 g1, K,HPO, 9 ¢/l, MgSO, 7TH,0 0,3 g/l, FeSO, H,0 0,5 my/],
extracto de levadura 0,5 g/1, tiamina 1 mg/l, tamponado con tris-maleato 0,1M pH 7.5.
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TABLA 2

PRODUCCION DE L-PROLINA

Cepas de E. coll L-profina (g1 cultiva)
HBE101 0.0
HBI101 (F128uv) 06
HB1(1 pJARP (uv) 5.0
HB101 pJABE (uv) 4.1
HB101 pJABC (uv) 4,2
X474 0,0
X474 pJABP (uv) 11
E5014 (F128) 0.0
E5014 (F128uv) 0.5
E5014 (F128uv) pJABP (uv) L6
E5014 (F128uv) pJABE {uv) 0.5
X478 0.0
X478 pJABC {uv) 0.4

De los datos de la Tabla 2 se deduce que la presencia del gen proC no contribuye ala
mejora de la produccion, lo que parece indicar que no es una etapa limitante, si bien no
puede descartarse la posibilidad de que exista algin mecanismo de regulacién que
controle su expresién como ha sido sugerido por Deutch et al. (6).

Ya que el L-glutamato es el metabolito precursor para la biosintesis de L-prolina,
cabe esperar que aquellas cepas que sinteticen més L-glutamato poseerin, al menos
potencialmente, una mayor capacidad de excrecion de L-prolina. En este sentido, se ha
podido comprobar que la cepa de E. colif HB101 que resultd ser ia que mas L-glutamato
sintetiza (datos no mostrados) es, como se observa en la tabla 2, la que mas L-prolina
excreta. Los estudios sobre la mejora de la sintesis de L-glutamato o la posibilidad de
suministrarlo de forma exogena, constituyen un interesante punto de partida para el
desarrollo de futuros trabajos en este campo.

1L.os resultados que aqui se han presentado constituyen un primer paso en el estudio
de la hiperproduccion de aminoacidos en células de E. coli mediante el uso de técnicas de
DNA recombinante, lo que.permite analizar bajo diferentes condiciones los sistemas de
regulacion metabolica de esta bacteria.
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Summary

Values of buoyant density of microorganisms reported in literature are widely
divergent because of techniques used. Many of these involve centrifugation in density
gradients formed by substances with high osmolarity which dehydrate the cells. In order
to better understand the ranges of variation of density of microbial cells several
approaches were taken, Firstly, samples from several natural aquatic habitats were taken
and the densities of the microorganisms present determined. Secondly, experiments were
performed with selected microorganisms to maximize density changes by forcing them to
accumulate intracytoplasmic inclusions of dense materials or to loose their capsules.
Finaily, the relevant literature was reviewed. It could be demonstrated that most microor-
ganisms have a density around 1.080 pg pm-? when measured in low osmolarity media
such as Percoll. However, many species are able to modify their density by as much as
7 % (for instance, from 1.097 to 1.022 pg um-? in Thiscapsa roseopersicing, and similar
variations in other bacteria), by incorporating substances into inclusions (sulfur, carbon,
phosphorous storage materials, etc.), or by making capsules and/or gas vesicles. The
relevance of buoyant density determinations for several aspects of microbial ecology and
physiology is discussed.

Key words: Buoyant density, gradient centrifugation, microbial ecology.

Resumen

Los valores de densidad de flotacion que pueden encontrarse en la bibliografia
referentes a distintos microorganismos abarcan un amplio espectro. Ello se debe princi-
palmente a la diversidad de técnicas utilizadas. La mayoria de éstas implican centri-
fugaciones en gradientes de densidad formados por substancias de elevada osmolaridad,
que deshidratan en mayor o menor grado las c¢élulas. Con el fin de profundizar en el
conocimiento de los margenes de variacion de la densidad en las células microbianas, se
plantearon tres enfoques distintos. En primer lugar, se midi6 la densidad de organismos
en distintas muestras procedentes de habitats acuaticos naturales. En segundo lugar, se
realizaron experimentos con algunos microorganismos con ¢l fin de forzarlos a variar su
densidad mediante la acumulacion de inclusiones intracitoplasmaticas de materiales

* Corresponding author,
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densos o mediante la pérdida de sus capsulas. Por altimo, se hizo una revisidn de la
bibliografia pertinente. Se pudo demostrar que casi todos los microorganismos tienen
densidades proximas a 1.080 pg um-3, siempre que se mida ésta en medios de baja osmo-
laridad como el Percoll. En cambio, dentro de una misma especie la densidad puede
variar hasta un 7 % (por ejemplo, desde 1.097 a 1.022 pg pm-3 en Thiocapsa roseoper-
sicing, y variaciones comparables en otras especies) cuando se incorporan materiales
densos en forma de inclusiones (materiales de reserva de fosforo, carbono, azufre, etc.) o
cuando se fabrican capsulas y vesiculas de gas. Finalmente, se discute la importancia que
tienen las determinaciones de 1a densidad de flotacion en diversos aspectos de la ecologia
y de la fisiologia microbianas.

Introduction

Density is an important property of microorganisms which until now has not received
much attention. All the available information has been gathered mostly in the last ten
years. The values reported range from a minumum of 1.035 pg pm-?in some soil bacterial
isolates (5) to a maximum of 1.300 pg um-*for Arthrobacter globiformis (34). However,
the substantial number of different treatments used in density determinations suggests that
the wide range of densities found is not due to real differences among species.

Aside from a few gravimetric or theoretical calculations (27), most techniques rely on
centrifugation in density gradients. Centrifugations in high osmolarity ionic media, such
as cesium chloride or sodium bromide, are likely to produce dehydration of the cells and,
as a consequence, an increase in their density. Media such as sucrose or sodium
metrizoate, which have lower osmolarities, will probably produce a less dramatic effect,
but the values of buoyant density obtained with these compounds will still be too high to
be representative of the actual density of the cells.

On the other hand, when results obtained with a single technique are compared, the
range of variation is very narrow. Especially, after the introduction of centrifugation media
with low ionic strength and osmolarity (colloidal silica, high molecular weight carbohy-
drates) the range has been reduced to a narrow interval spanning approximately from
1.07 pg pm-3to 1.11 pg um-3 (17, 19, 24, 37).

We contend that this apparent homogeneity, however, cannot be considered as
representative of the real range of densities of microorganisms in natural habitats, since
most of the experiments have Been performed under laboratory conditions not favouring
large changes in buoyant density. .

The present study is an attempt to clarify this matter, First we measured, with the
best available technique, densities of microorganisms from several environments to find
out the range of variation in nature. Second, we used pure cultures of a variety of microor-
ganisms to ascertain variability of density within a single species under physiologically
different conditions. Finally, we pooled available information on density of microorganisms
scattered in all the relevant literature and tried to discern patterns of densities among the
diverse techniques, authors, and organisms used.
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Materials and Methods

Microbial straints.

Experimental determinations were performed in grown cultures of a number of
microorganisms listed in Table 1. Culture media and source of each strain can also be
found in Table 1.

TABLE |
STRAINS AND CULTURE MEDIA USED IN THIS WORK

Microorganism Culture media? Strain Source
Alcaligenes eutrophus V-Vl N9-A H. G. Schlege!
Anacystis nidulgns® - — U. Fischer
Beggiatoa alha VIL BI18ED W. R. Strohl
Chromativm minutissimum I DSM 1376 H. G, Triiper

" vinosum I UA 6002 H. van Gemerden

” warmingii I 6512 H. G. Triiper
Chlorobium limicola I 181237 H. van Gemerden

” phaeobacteroides I UA 5001 E. Montesinos

" vibrioforme I 8327 H. G. Trisper
Escherichia cofi [I-1v K12 L. Archer
Rhodobacter capsulatus® II SB 1003 F. F. del Campo

" sphaeroides® I 24.1.C F. del Castillo
Rhodopsendomonas palustris I UA 7001 J. Turet
Thiocapsa roseopersicina I Ua 6003 J. Turet
Thiocystis gelatinosa 1 DSM 215 N. Pfennig

t  T: Medium for phototrophic sulfur bacteria (32).
11: Medium for phototrophic nonsulfur bacteria (32).
TII: AB minimal medium {8).
IV: AB minimal medium without nitrogen.
V: M55 minimal medivm (2).
VI: M55 minimal medium without nitrogen.
VII: Modified Pringsheim’s medium (31).
b A cyanobacterium. A grown culture was obtained from U. Fischer.
¢ R ecapsulatus and R sphaeroides correspond to the former Rhodapsend capsulata and Rhodopseudomonas
sphaeroides respectively (see reference 15).

Natural samples .

Sampling of different aquatic environments was done with standard limnological
techniques (13). Samples were kept in Pyrex screw-cap bottles, in the dark and
at 4°C, until determinations could be made upon returning to the laboratory, The
environments sampled reflect a wide range of the different conditions which can be found
in freshwaters. Big Soda Lake {39° 31° N, 118° 52° W) is an alkaline lake (pH 9.7), with
a surface area of 1.6 km? and a maximum depth of 65 m, in Nevada (U.5.A.). At a depth
of about 20 m, light intensity (decreasing from the surface down) and sulfide concentration
{decreasing from the bottom up) are simultaneously adequate for the growth of
phototrophic sulfur bacteria, which form a layer about 2 m thick. Samples were taken
from such a layer. Lake Ciso (42° 08" N, 2° 45° E) is a karstic anaerobic pond located
near Banyoles (Spain) (13). This lake contains high amounts of hydrogen sulfide during
the whole year, up to 1.5 mM. Massona (42° 13* N, 3° 08’ E) is a small coastal lagoon
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located in the marshes of rivers Muga and Fluvia (northeastern Spain} which has a
semiestuarine regime. Irregular sea water intrusions allow a permanent salty hypolimnion
and a freshwater epilimnion which do not mix (3). The bottom layer becomes anaerobic
most of the year and phototrophic sulfur bacteria develop in the hypolimnion. I.ake
Estanya (42° 02" N, 0° 32’ E) is a small karstic lake in the province of Huesca (Spain). It
develops an anaerobic hypolimnion during the summer and mixes throughout during the
winter (4). Some samples were taken from the Palo Alto salt marshes in the San
Francisco Bay (California, U.5.A.). In a few cases sampling was done in a small stream
at Alum Rock Park, near San Jose (California, U.8.A.).

Density measurements.

Buoyant density of microorganisms was measured in preformed Percoll gradients
calibrated with density marker beads (Pharmacia), using the technique described
by Guerrero et @l (12). Fig. 1 shows the usual shape of one such gradient, with
a high resolution zone in the central part and steep variation at both ends.
Throughout this paper we give the value of density in pg gm-3, which are units more appro-
priate for the dimensions of the microbial cells we are considering, and which are
identical to the values in g cm-3 used elsewhere. With respect to terminology, the widely
used expression «cell density» should not be used to mean optical density of a culture or a
population, but as a synonym of specific cell density, which is cell weight (as a measure
of mass) divided by cell volume. The specific cell density measured by buoyancy in a
given medium capable of forming density gradients is referred to as buoyant density. To
indicate the concentration of cells in a given culture, we suggest using the expression
«population density». :

a 1mop O
F
> 109 H
£ 1070t
o
« 1050}
-
g
S 1030t
an]
0 10 20 30 L0

Distance from the meniscus {cm)
Fig. 1. Plot of density versus distance from the meniscus for a typical Percoll gradient, showing a zone of high
resolution in the center and zones of rapid change in density at both ends. A tube with the different bands fermed
by the density marker; beads is shown for illustration.
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Results

‘Buovant density of cells in natural environments

Buoyant density determinations of microorganisms in samples from natural
environments are shown in Table 2, along with the place where they were taken.
Lowest values were found in the alga Oocystis sp. and in the cyanobacterium
Svnechocystis sp. (1.017 and 1.020 pg pm-? respectively) and in the purple
sulfur bacteria (i.e., Chromatiaceae) Thiocystis gelatinosa and Thiocapsa
roseopersicina (1.020 and 1.022 pg um-? respectively). At the other end of the range, the
cyanobacterium Oscillatoria sp. presented a density of 1.119 pg-um-3, and the purple sulfur
bacteria Chromatium sp. showed the highest values with densities up to 1.150 pg um-2,
The average of all densities found in natural samples was 1.073 pg pmn-3 a value which is
very close to that of 1.070 pg wm-3, proposed on theoretical grounds by Doetsch and
Cook (9).

TABLE 2
DENSITY OF DIFERENT MICROORGANISMS TAKEN FROM NATURAL ENVIRONMENTS

Microorganism Buoyant Density {pg um-3} Sampling Site
Chromatium sp.t 1.140- Lake Cisé
Chromatium sp.t 1.150 Lake Estanya
Ectathiorhodospira sp.t 1.034-1,080" Big Soda Lake
Lamprocystis sp.* 1.055 Lake Cisa
Qocystis sp.t 1.017 Big Soda Lake
Osceillatoria sp.* 1.119 Alum Rock Park
Prosthecochloris sp8 1.045 Palo Alto salt marsh
Synechocystis sp.© 1.020 Alum Rock Park
Thiocapsa roseopersicina® 1.022 Massona lagoon
Thiocystis gelatinosa® 1.020-1.030¢ Big Soda Lake

* Purple sulfur bacteria.

b Green alga.

¢ Cyancbacteria.

4 Green sulfur bacteria.

¢ Two bands, one of ¢ells without sulfur, and one of cells with sulfur (extracellular in Eetothiorhodospira and
intracellular in Thiocystis), were observed in natural populations of these bacteria.

Buoyant density of cells in pure cultures

Table 3 shows results of buoyant densities determined in several pure cultures
of bacteria in the laboratory. Values range from 1.040 to 1.119 pg um-3 the
lowest one corresponding to Thiocystis gelatinosa, an organism which also
showed low values in field samples. The highest value was found for the cyano-
bacterium Anacystis nidulans. The average density of all determinations was 1.085 pg
um-3, somewhat higher than the value found for natural samples.

Factors affecting buoyant density. From both field and laboratory results, an average
density for a representative microbe would be 1.080 pg um-(1.073 from field results and
1.085 from laboratory results). Such density is the consequence of the weight of the cell
material (fundamentally macromolecules and water) being enclosed within a given ceil
volume. Deviations from such an «ideal» value would be caused by changes in the
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TABLE 3
DENSITY OF DIFERENT MICROORGANISMS IN PURE CULTURE

Microorganism Buoyant Density (pg um-?) Group of bacteria
Alealigenes eutrophus 1110 Hydrogen oxidizer
Anacysiis nidulans 1.119 Cyanobacteria
Chromatium minutissimum 1.078 Purple sulfar
Chromatium vinosum 1.087 "
Chromatium warmingii 1.089 ”

Chiorobium fimicola 1.094 Green sulfur
Chiorebium phaeobacteroides 1.072 "

Chlorobium vibrioforme 1.100 ”

Escherichia eoli 1.095 Facultative heterotroph
Pyeuydomonas aeruginasa 1.075 Aerobic heterotroph
Rhodobacter capsulatus 1.074 Purple nonsulfur
Rhodobacter sphaeroides 1.088 ”
Rhodopseudomonas palustris 1.095 ”

Thiocapsa roseopersicing 1.054 Purple sulfur
Thiacystis gelatinosa 1.040 "

composition of the cell material, especially the accurnulation of substances with densities
higher or lower than 1.080 pg um-% For example, accumulation of polymers in inclusions is
likely to increase density, whereas the presence of loosely associated compounds forming
capsules and slime layers is likely to reduce density. In order to test such ideas, we
performed esperiments in which buoyant density was determined in several microorganisms,
with and without subctances potentially affecting density. Results from such experiments
are shown in Table 4. Those compounds forming intracellular inclusions had a substantial
effect on density, causing increases from 1.44 % in the case of glycogen accumulation in
Escherichia coli, to 5.84 % in the case of sulfur accumulation in Chromatium vinosum.
The case of sulfur in Chlorobium limicola, a green sulfur bacterium (i.e., Chlorobiaceae),
merits some attention. Since the organism reduces sulfide to sulfur releasing it to the
medium, the fact that there is an influence of sulfur on its cellular density means that sulfur
is somehow associated externally to the cell wall of the organism. The presence of
capsules had the opposite effect on density, lowering it by 6.84 % in Thiscapsa
roseopersicing. Both the presence of capsules and of intracellular inclusions could
account for the range of densities found in nature and in cultures (see Tables 2 and 3).

Discussion

From the data presented above, it can be concluded that density of microorganisms
changes as much as 7 % around an average value of 1.080 pg um-% Realizing such a range
of values exists, is important for several reasons. First, buoyant density is used in
ecological studies in order to estimate biomass from biovolume. Such calculations
accumulate errors in cell counting, volume measurement, and uncertainties about cell
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TABLE 4

CHANGES IN BUOYANT DENSITY OF SEVERAL MICROORGANISMS DUE TO ABSENCE OR
PRESENCE OF DIFFERENT CELLULAR STRUCTURES

Microorganism Cellular structure Buoyant density (pg gen3) Relative
change (%)
Absence Presence
Escherichia coli Glycogen inclusions [.109 1.125 1.44
Alealigenes entrophus PHB inclusions® 1.110 1.145 315
Beggiatea alba Elemental sulfur inclusions 1.095 1.115 1.83
Chlorobium limicola Elemental sulfur outside 1.094 1.123 2.65
the cellb
Chromarium vinosum Elemental sulfur inclusions 1.096 1.160 5.84
Chromativm warmingii Elemental sulfur inclusions 1.071 1.108 3.45
Thiocapsa roseopersicing Capsule 1.097 1.022 -6.84

& Poly-f-hydroxybutyrate
b Loosely associated extracellular sulfur

density. Therefore, it is important to have an accurate estimate of average cell density ina
given population, so that biomass can be calculated with precision. Second, density is one
of the variables affecting settling velocity of planktonic microorganisms (27). Changes in
gas vesicle and glycogen contents have been implicated in buoyancy regulation of
cyanocbacteria (16, 21). Changes in density between Chromatium warmingii with and
without sulfur would account for threefold differences in settling velocities, enough to
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Fig. 2. Schematic drawing of bands presented by natural samples and pure cultures centrifuged in Percoll gradients.

Tube 1: A pure cultture of Chromatium vinosunt. Tube 2: Sample from Big Soda Lake taken on July 22, 1984, at

20 m depth. Tube 3: Samptle from lake Cisd taken on May 12, 1984, at 1,75 m depth {See text for interpretation of
the bands).
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affect significantly sedimentation of the cells in-nature (12). Thus, knowledge of density
and the factors affecting it bear high significance for ecology of planktonic microorganisms,
Finally, knowledge of the densities of particular microorganisms or of physiologically -
diverse populations within one species, would allow separation of them by density
gradient centrifugation. This has been tried out in an unsystematic way (25, 29, 30), but
further studies clarifying the physiological reasons underlaying differences in density are
needed, in order to make such techniques useful in microbiology. A few examples of such
sort of application of density and gradient centrifugation have been schematized in
Figure 2. Tube 1 shows two bands from a culture of Chromatium vinosum, one in which
cells are loaded with sulfur (higher density) and one in which cells, probably inactive, had
been incapable of accumulating sulfur, thus illustrating how differences in physiology
within a population can be made apparent by such a technique. The next two tubes
correspond to natural samples from Big Soda Lake (Tube 2, Fig, 2) and from Lake Cisé
(Tube 3, Fig. 2). Both illustrate how different species can be isclated from a mixed
natural community. In the tube from Big Soda Lake, the green alga Oocystis sp. forms a
light band, whereas the purple sulfur bacterium Thiocystis gelatinosa presents two bands,
corresponding to actively sulfur accumulating cells and inactive cells within the same
natural population. In the sample from Lake Cisd, three bands can be appreciated. The
lightest band is formed by the aggregate-forming purple sulfur bacterium Lamprocystis
sp. Results from laboratory experiments allow us to conclude that the thick slime layer
surrounding the aggregates and the possession of gas vesicles are the causes of its low
density. The next band is formed by the unicellular alga Cryptomonas sp., and the lowest
band consists of Chromatium minys loaded with sulfur (again, the cause of its higher
density).

Data from literature have been summarized in Table 5 for microorganisms and in
Table 6 for cell organelles. Data for eubacteria {Table 5) show that, with respect to
density, they can be divided in two groups: one with high densities (1.18 to 1.29 pgum-3) and
one with low densities (1.06 to 1.09 pgum-3). These two groups correspond to the gradient
media used. High densities are obtained with high osmolarity media such as sucrose,
cesium chloride or renografin, whereas low densities are obtained with media which have
physiclogical osmolarities, such as Ficoll, Ludox or Percoll. In the case of eukaryonts
(Table 5) densities for algae and fungi are very close to those of bacteria in similar
centrifugation media. Only diatoms show high densities in Percoll, as could be expected
from their silica frustules.

Cell organelles (Table 6} show approximately the same ranges of densities when
measured in the same medium. But, except in Percoll, all have densities higher than those
of microorganisms (Table 5). The difficulties ip isolating intact and clean organelles, and
the different protocols used make comparisons unreliable. However, it is suggestive that
densities in Percoll are the same as those for microcorganisms.

The fact that differences in density among published values are mostly due to the
osmolarity of the centrifugation media is clearly demonstrated in Figure 3. Values of
density from our work and from the literature (Tables 2 to 6) have been pooled together
and separated according to the medium used in their determination. It can be seen that
the osmolarity of the medium determined the range of densities obtained regardless of the
organism being considered. In accordance with such observations, density has been
proven to change in a given microorganisms at different ionic strengths (6). This was



" TABLE 5

BUOYANT DENSITY OF DIFFERENT MICROORGANISMS, MEASURED USING A VARIETY OF

TECHNIQUES
Microorganism Buoyant density (pg pm3) Technique* Reference
PROKARYOTES
Alcaligenes eutrophus 1.261-1.297 Sucrose 22
Arthrobaeter globiformis 1.300 Cesium chloride 34
Desulfovibrio sp. 1.120 Percoll 29
Enterobacter aerogenes 1.200 Cesium chioride 4
Escherichia coli L.081-1.101 Percoll 37
” " 1.094-1.114 Ludox-PVPP 19
" " 1.080 Ficoll 17
Methanosqreina sp, 1.040 Percoll 29
Methanothrix sochngenii 1.0%0 " 29
Microcystis aeruginosa 1.002 (£0.002) Calculation 26
Microcystis sp.© 1,013-1.032 Percoll 16
Salmonella typhimurium 1.063-1.087 Ludox-PVPb 14
Soil bacteria (9 isolates) 1.035-1.093 Ludox 5
Thiobacillus acidophilus 1.190-1.184 Renografin 18
’ Jferrooxidans 1.186-1.175 o 18
EUKARYOTES
Asterionella formosa 1.151-1.254 Ficoll 15
" ” 1.130 Gravimetric 27
Biddulphia aurita 1.180-1.230 Percoll 33
" sinensis 1.030-1.080 " 33
Ceratulina berganii 1.030-1.060 Y KX
Chigrella vulgaris 1.095 (+£0.007) ” 20
Chioracoccum sp. 1.069 (:=0.026) ” 20
Clavariadelphus ligula 1.095 Ludox 5
Clitocybe candicans 1.075-1.080 " 5
Collybia butyracea 1.077-1.095 " 5
Cyelatella meneghiniana 1.110 (%£0.090) Bercoll 20
Cyclotella praeterissima 1.196 (=0.013) ” 20
Dirylum brightwellif 1.070-1.130 ” 33
" " 1.040-1.0%0 Calculation 10
. " 1.040 ” 1
Fragilaria crotonensis 1.198 {+=0.082) Gravimetric 27
»” ” [.196 (£0.013) Percoll 27
o » 1.282 (£0.182) Calculation ®
Marasimus androsaceus 1.060 Ludox 5
Microphale perforans 1.060 - 5
Mortiella sp. 1054 ” 5
Mycena epipterygia 1.033-1.095 ” 5
" metata 1.027-1.105 ” 5
" rosella 1.036-1.100 " 5
Peridinium sp. 1.080-1.120 Percoll 13
Phaeodacryium tricornutum 1.060-1.0%0 ” 33
» " 1.080 Metrizamide 33
Rhizosolenia delicatula 1.040-1.090 Percoll 33
Rhodomonas sp. L.040-1.530 ” 33
” 1.100 Metrizamide 33
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TABLE 5 (eonttinued)

Microorganism Buoyant density (pg pm-3) Technigua2 Reference
Saccharomyeces cerevisiae 1.107-1.117 Percoll 6
Skeletonema costatum 1.120-1.170 * 33
Streptotheca thamensis 1.040-1.090 ” 33
Stephanodiscus astraea 1.091 {£0.013) Gravimetric 27
Synedra acus 1100 {£0.033) » 27
” " 1.115 {+0.023) Percoll 27
Tabelaira flocculosa 1.142 {£0.014) » 27
Thalassiosira fluviatilis 1.121 Gravimetric s
" nordenskioldii 1.240-1.280 Percoll a3
rofula 1.050-1.110 . 33
" " 1.040-1.110 Calculation 10
Trichoderma viride 1.081 Ludox 5
Trichoderma sp. 1.074 * 5

2 For the composition of the medin for gradient centrifugation, see legend to Fig. 3.
t Polyvinvylpyrrolidone.

¢ (Gas vesicles had been collapsed prior to centrifugation.

* Einsele and Grim { 1938), cited in reference 27.

TABLE 6

BUOYANT DENSITIES OF SEVERAL CELL ORGANELLES, MEASURED .IN DIFFERENT
CENTRIFUGATION MEDIA '

Cell organelle
Centrifugation medium Mitochondria Chloroplasts Lysosomes Othersa
Metrizamide 1.145-1.25Q0 : 1.145-1.250% P 12300
Sucrose 1.180-1,210=4d 1.210-1.220¢ 1.200-1.220¢ P 1.23)

G 1.200-1,220¢

Nycodenz 1.160-1.1904 1.151-1.1674 1.140-1,1704
Ficoll 1.136¢
Ludox 1,100-1,120¢

Pereall 1.040-1.100= 1.060-1.0%0¢ G 1.055-1.076¢

3 P: Peroxisomes. G: Glyoxisomes,

b See reference 28 for specific authors.
¢ See reference 7 for specific authers.
4 See reference 11.

¢ See reference 23 for specific authors,

particularly dramatic in the cells of Alcaligenes eutrophus with and without PHB
inclusions. When cells were centrifuged in sucrose, PHB-less cells were denser than cells
without PHB, and the reverse was true when centrifuged in Percoll (22).

What can be concluded from this literature review, is that average densities of most
microorganisms and cell organelles have values approximately around 1.080 pg pum-3
Thus, there do not seem to be significant differences in average density among
microorganisms. On the other hand, microorganisms can change their density as much as
7 %, under different physiological and/or environmental conditions, as we have seen in
the experiments in Table 4.
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Fig. 3. Distribution of densities of microorganisms (taken both from the present work and from the Literature) in
relation to osmolarity of the centrifugation medium. A; Densities found with Percoll and Ludox, both low
osmolarity media (0.020 to 0.050 mOsm L-1). Ludox is formed by naked colloidal silica ‘particles. Percoll is
formed by colloidal silica particles coated with pelyvinylpyrrolidone. B: Densities found with metrizamide,
nycodenz, renografin, or urografin, They are all iodinated forms of low molecular weight substances, with
intermediate osmolarities (0,200 to 0.400 mOsm L-1}. C: Densities found with high osmolarity media like sucrose
(>2.394 mOsm L1} or cesium chloride (>>2.415 mOsm L-1),

We hope that the range of values found for microorganisms, both in this work and in
the literature, together with the ranges within single species due to physiclogical and
morpholegical differences presented here, will constitute a useful summary of the current
knowledge about this field, and encourage further research as well as applications of
density gradient centrifugation as an analytical technique.
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Carbohydrate stability during ageing in
Penicillium expansum cell wall
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Summary

Cell walls were obtained from Penicillium expansum mycelia of different ages. The
yield of walls increased up to the 13th day of incubation and then remained almost
constante. Cell walls from 13 day-old mycelia consisted of neutral sugars (65 %), chitin
(10 %) and protein (10 9%). The neutral sugars released by hydrolysis of the cell wall,
identified and quantified by gas-liquid chromatography were mannose (3-4 %), galactose
(3-4 %), glucose (37 %) and trace amounts of arabinose and xylose. The contents of
chitin remained constant during ageing. Alkali treatment at 20 oC of the cell wall released
and a-glucan amounting to about 30 % leaving an insolubie residue formed by chitin and a
B-glucan containing mannose and galaciose.

Key words: Cell wall, carbohydrates, Penicillium expansum.

Resumen

Se han obtenido paredes celulares de micelio de Penicillium expansum de diferentes
edades. La cantidad de paredes recolectadas aumenté hasta los 13 dias de incubacion,
manteniéndose constante en dias sucesivos. Las paredes celulares aisladas del micelio
de 13 dias contienen azucares neutros (65 %), quitina (10 98) y proteina {10 %). Los
aziicares neutros liberados por hidrolisis de la pared celular, identificados y evaluados
mediante cromatografia de gases fueron: manosa (3-4 %}, galactosa (3-4 %), glucosa
37 % y trazas de arabinosa y xilosa. El contenide de quitina permaneci¢ constante
durante todo el periodo de incubacion. Tratamiento con alcali de la pared solubilizo un a-
glucano, alrededor del 30 %, dejando un residuo inscluble formado por quitina y un -
glucano conteniendo manosa y galactosa.

Introduction

The effect of culture age on cell wall polysaccharides of fungi has been little studied.
Changes in cell wall composition have been reported during germination of conidia of

#* Corresponding author.
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Penicillium notatum (14) and in ageing of mycelium of Cunninghameila japonica (6),
and that of Penicillium allahabadense (7). The cell wall of Aspergillus clavatus was not
affected during apeing (4). .

The purpose of this work was to siudy the changes in wall composition of Penicillium
expansum during ageing. Polysaccharidic wall fractions obtained at various poinis of the
growth curve were examined and the chemical composition of cell walls derived from 13
day-old mycelium is reported.

Materials and Methods
Organtism and growth conditions

Penicillium expansum Link ex Gray emend Thom, strain 229.38 was obtained from
the Centraalbureau voor Schimmelcultures, Baarn. The organism was maintained on
slants of Bacio potato dextrose agar (Difco). The basal medium for mycelium production
contained: KH.PO,, 0.5 g; MgS0Q,.TH 0, 0.5 g; FeS0,4.7H,0, 0.5 mg; ZnSO,.THLO,
0.5 mg; CuSO,5H,0, 0.002 mg;, MnCl1,,4H,0, 0.02 mg; Na,Mo0O,.2H,0, 0.02 mg;
thiamine hydrochoride, 1 mg;, D-glucose, 15 g; yeast extract (Difco), 1 g; casamino-
acids (Difco), 3 g; and water to make one litre. The medium was adjusted o
pH 6.5, digpensed in 1 1 portions into 2 | Erlenmeyer flasks and autoclaved at 120°C for
for 15 min. Suspensions of conidida (1 ml) from 10 day-cld agar slants in 10 ml of sterile
water were used as inocula. The cultures were incubated at 25°C*+ 1°C at 120 rev/min in
an orbital incubator Gallenkamp IH-465.

Cell wall preparation and extraction procedures

At different incubation periods, two flasks were harvested. The mycelium, separated
from the culture fluids by filtration through cheese-cloth, was freeze-dried. Afterwards it
was desintegrated in a Sorvall omnimixer at full speed for 2 min followed by ultrasonic
treatment (MSE model MK2, 150 W) for 21 min at 3 min intervals and washed by
repeated centrifugation with distilled water until the wall material was completely clean
as determined by phase-contrast microscopic examination and did not stain with
Coomasie Blue. The walls were washed with 50 % ethanol, 96 % ethanol and acetone,
dried at 80°C and stored desiccated.

Dry cell wall material (1 g) was extracted (5 to 6 times) with 1M NaOH (100 ml) at
20°C during 30 min. (Fraction 1). The residue from the previous treatment was left
overnight at —25°C and extracted twice with 1M NaOH (100 ml) for 30 min at 20°C
(Fraction 2}. The residue from fraction 2 was extracted (3 to 4 times) with 100 ml of IM
NaQOH at 70°C for 30 min (Fraction 3). The cell wall residue, insoluble in alkali,
constituted Fraction 4. .

Fraction 4 (300 mg) was submitted to hydrolysis with 20 ml of IN H, SO 4at 90°C for
16 h, obtaining Fraction 4a (acid-soluble). The residue from Fraction 4a was extracted
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twice with 20 ml of 1M NaOH at 20°C for 30 min obtaining Fraction 4b (alkali-
soluble) and Fraction 4c¢ (acid and alkali-insoluble).

All the extractions described above were continued until no precipitate was formed
when one volume of ethanol was added to the supernatant. The precipitates were pooled
together, washed with 50 % ethanol until the supernatant was freee from alkali, and then
with 96 9 ethanol and acetone, Fraction 4b was dialyzed against water, and freeze-dried.
Fraction 4 and 4¢ were washed with distilled water until the supernatant was free from
alkali and with ethanol and acetone, and stored desiccated.

Dry cell wall material was also treated with 1 N H, S0, at 90°C for 16 th. The
supernatant (Fraction I) was neutralized with BaCQj; The insoluble residue was
extracted with 1M NaOH at 20°C as described above yielding an alkali-soluble material
(Fraction II} and an alkali-insoluble material (Fraction III).

Chemical analysis

For hexosamines analysis the cell wall or its fractions were hydrolyzed with 6N HCI
for 4 hours at 100°C. Aliquots of the hydrolysates were used for colorimetric
determination (16) or for identification and quantification with a Biotronik amino acid
analyzer LC 7000. Phosphate ion was determined in 2N HCI hydrolysates according to
Rand et al. (13). Cell wall protein was exiracted overnight with 1M NaOH and measured
by the method of Lowry et al. {12} with bovine serum albumin as standard. Neutral
sugars were determined by the anthrone procedure (5) with glucose as standard. For
analysis of neutral sugars the cell wall and its plysaccharides were hydrolyzed with
H ;80 of different concentrations at 100°C and for different periods of time in sealed
evacuated tubes, and neutralized with barium carbonate. The neutral sugars, converted
into the corresponding alditol acetates (10) were identified and quantified by gas-liquid
chromatography (GLC) on 3 % SP-2340 on 100-120 Supelcoport. A 2m x 2mm glass
column was used at 200 to 230°C with a temperature rise of 10°/min, a 3 min initial hold
and a final temperature time of 14 min. The N, flow rate was 30 ml/min. A flame
ionization detector, sensitivity 10 !0 sample size 3 pl was used in a Perkin-Elmer 10
and Sigma 3 chromatograph. Peaks were identified on the basis of sample coincidence
with the relative retention times of standards. Inositol was used as internal standard. For
ash determination 100 mg of the wall material was ashed to constant weight. Volatile
matter was determined by heating 100 mg of cell wall at 100°C until constant weight.

Infrared (IR) spectra were obtained by the KBr technique on a Perkin-Elmer 457
infrared spectrophotometer.

Results
Cell wall production

The production of mycelium and cell wall during the incubation period is shown in
Fig. 1. The mycelial dry weight increased up to the 6th day and then decreased, while the
cell wall increased up to the 13th day and remained almost constant (from 2.5 g/l the
13th day to 2 g/1 the 34th day of the experiment).



70

5_
4t
-~
> 3t
-
T
Q Ll : .
w
=
|
°| 1 | i 1 |
2 6 13 20 34 43

DAYS AFTER INOCULATION

Fig. 1. Dry weight of mycelia {#) and cell walls (&) obtained from cultures of different ages.

Effect of age on cell wall composition

The neutral sugars released from cell walls of different ages by hydrolisis with
4N H,S0, for 5h were glucose (40 %), galactose (3.3 %), mannose (3.5 %) and traces
(less than (0.4 %) of arabinose (Table 1). Similar results were obtained when the material
was hydrolyzed with IN H, SO, for 16 h.

TABLE 1

NEUTRAL SUGARS RELEASED (%) FROM P. EXPANSUM CELL WALL OF DIFFERENT
AGES, AFTER HYDROLYSIS WITH 4N H, SO, FOR 5H, CALCULATED AS ALDITOL ACETATES
BY GLC,

Days Arabinose Mannase Galactose Glucose
2 0.29 2.05 2,03 41.03
6 0.33 328 332 4012

13 0.19 347 3.23 37.18

20 0.31 376 334 38.80

34 0.21 375 343 40.24

43 0.00 3.56 kX127 39,22

The values in all Tables represent 9% of dry material.
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The yield of fractions F1, F2, F3 and F4 obtained by successive treatments with
alkali from cell walls of different ages is shown in Table 2. Fractions F1 and F4 were the
most abundant. Since ape did not affect the yield of fractions or the neutral sugars
released by hydrolysis, the composition of cell walls and their fractions was studied in 13
day-old cell walls.

TABLE 2.

YIELD (%) OF FRACTIONS F-1, F-2, F-3 AND F4 OBTAINED FROM CELL WALLS OF
DIFFERENT AGES.

Days 2 3 13 20 34 * 43

Fraction 1 31.96 28.66 26.18 29.09 20,44 31.37
Fraction 2 2.60 2.18 3.14 2.49 2.67 322
Fraction 3 _4.8i 5.60 4.84 4.30 4.26 4.76
Fraction 4 39.00 42.40 3712 39.00 41.65 37.00

All values are the average of three determinations.

Cell wall composition

The chemical composition of cell walls obtained from 13 day-old cultures is shown in
Table 3. Chitin (anhydro N-acetyl-D-glucosamine residues) was calculated from the
content of glucosamine in 6N HCI hydrolysates. Its value coincides with the dry weight
of fraction FIIIL '

TABLE 3 °*
CHEMICAL COMPOSITION (%) OF P. EXPANSUM CELL WALL (13d)

Neutral sugars 64.70
Chitin 10.20
Protein 10.25
Phosphate ion 1.36
Volatile matter 9.53
Ash 1.68

Fraction composition

The neutral sugars released from the different fractions of 13 day-old cell walls by
hydrolysis with 4N H, 80 ,for 5h is presented in Table 4. Similar results were obtained
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with 1IN H.80, for 16 h. Glucose was the main component in all fractions except
fraction F4¢ which contained mainly glucosamine. In fractions F2, F3 and F4 about4 %
of galactose and mannose were released. Fraction F3 contained 6.6 % of xylose.
Glucosamine was detected in fractions F2, F4 and Fdc hydrolysed with 6N HCl for 4 h.

TABLE 4

NEUTRAL SUGARS RELEASED (%) FROM F. EXPANSUM {13 DAY-OLD) CELL WALL
FRACTIONS AFTER HYDROLYSIS WITH 4N H,S0, FOR 5k, CALCULATED AS ALDITOL
ACETATES BY GLC.

Acrabinose Xylose Mannose Galactose Glucose Chitin*
Fraction 1 0.48 0.0 1.12 0.0 89.0 0.0
Fraction 2 0.0 0.0 4.68 4.09 41.92 22.17
Fraction 3 1.05 6.59 4,07 2.47 41.04 0.0
Fraction 4 0.0 0.0 4.41 3.66 31.32 3279
Fraction 4b 020 0.0 0.77 0.0 62.55 0.0
Fraction 4¢ 0.0 0.79 0.0 0.0 0.54 99.0

*Chitin was determined in 6N HCI hydrolysates.
All the values are average of three determinations

The neutral sugars released from cell walls by treatment with IN H,80, 16h at
90°C (FT) and from fractions FII and FIII hydrolysed with 4N H,S0O, for 5h are
reported in Table 5. The yields of FII and FIII amounted te 7 and 10 % of the cell wall
respectively.

TABLE 5
SUGARS RELEASED (%) FROM 13 DAY-OLD CELL WALL (FI) AND FRACTIONS FII AND FIII

Arabinose Mannose Galactose Glucose Chitin
F-t 0.26 346 322 38 0.0
F-11 0.19 0.16 0.0 3282 0.0
F-111 0.0 0.0 0.0 0.0 99.0

FII and FTII were hydrolysed by 4N H,80, for 5h, The neutral sugars were caiculated as alditol acetates by GLC.
FIII was hydrolyzed by 6N HCI for 4h to determine chitin.
All the values are average of three determinations.

Characterization of the fractions
The IR specira of the different fractions are showh in Fig. 2. The spectrum of F1

showed a band at 850 em—! characteristic of a-linked glucans. Fractions F2 and F4
showed an absorption band at 890 em—! and lacked the band at 850 ecm—!, which is
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characteristic of g-linked polysaccharides (1). Their IR spectra were very similar, with
abserption bands at 1550 and 1650 em—), characteristic of the -CO-NH linkage of
chitin. The IR spectrum of fraction F3 is charasteristic of a B-linked glucan. F4¢ and FII1
showed IR spectra identical to that of chitin.

F1

TRANSMITTANCE
by
F Y

| 1 1 L i i i L i L R N
4000 300 IQC 2BOJ 2000 WOU 1600 MO0 1200 WOC 600 600 00 20

WAVE NUMBER (cm-!)
Fig. 2. Infrared specira of P, expansum cell wall fractions: F1, F2, F3, F4, Fdc and FIIL

Discuassion

Under our particular experimental conditions the cell wall of P expansum was
not degraded during the mycelial autolysis. No major changes were found in the amount
of the polysaccharidic fractions extracted from cell walls of different ages nor in the
neutral sugars released by hydrolysis of the cell wall. These results suggest the stability of
the cell wall constituents of P. expansum. Age does not affect the cell wall composition of
Aspergillus clavatus (4) but it affects the cell wall composition of other fungi (7, 13).

The chemical composition of P. expansum cell wall resembles that of other species of
Penicillium |see cell wall tables by (3)]. The neutral sugars released by hydrolysis
amounted to 3 % of mannose, 3 % of galactose and 37-41 % of glucose. The
material solubilized with alkali at 20°C, fraction F1 (30 %), contained mainly glucose
(Table 4) and its IR spectrum was characteristic of an a-glucan (Fig. 2). A similar
glucan has been reported in the cell wall of Schizophillum commune (18). Fraction F2
(2 %) was characterized as a B-glucan chitin complex.
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Since its composition is similar to fraction F4, which is insoluble in alkali at 20 and
70°C, we do not know whether it is a different fraction or it is fraction F4 partially
solubilized by the effect of the low temperature (—25°C). Fraction F3 (3 %) was
characterized as a S-glucan, rather resistant to hydrolysis, contained arabinose (1.05 %)
and xylose (7 %) in addition to mannose and galactose. Xylose (2.1 %) has been
reported in the cell wall of P. chrysogenum (9) and in trace amounts in P. digitatum and
P italicum (8). The presence of xylese in cell walls has been more often reported in
Basidiomycetes (2, 17) but its presence in other taxonomical groups can not be ruled out.
Fractions F4c and FIII contained 99 % of chitin. Both fractions were formed by
glucosamine identified with the amino acid analyzer, and their IR spectra were similar to
that of chitin.

The polysaccharidic fraction obtained by 1N NaOH extraction, after treatment with
H.S0, , from cell wall (FII) or from Fraction 4 (Fraction F4b) was a §-glucan
containing traces of arabinose and mannose.

The chemical composition of P. expansum cell walls differs from P. allahabadense
cell walls {7) indicating that in the genus Peniciiliym there are at least two chemotaxonomic
groups in agreement with the results of Leal et al. (11).

We thank Dr J. Bellanato of the Instituto de Optica Daza de Valdés for the infrared
analysis, and the Consejo Superior de Investigaciones Cientificas for the fellowship
granted to Dr. B. Gémez-Miranda. This investigation was supported by a grant from the
CAICYT.
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Summary

To lysogenize Salmonella typhimurium by Lambda phage, a region of 10.2 kb of
Escherichia coli DNA carrying the nusA gene was cloned in a S. typhimurium strain
containing a F'112 plasmid which codifies for the lamB region of E. coli. The strain of S.
typhimurium obtained in this way, was lysogenized by AcInd0— bacteriophage harboring
either a fusion between recA! or 5fid genes of E. coli withlacZ pene. Likewise, pSE143
plasmid with a umu C:lacZ fusion was introduced in S. fyphimurium. Afterwards,
induction of these SOS genes was studied. Results obtained show that the basal
transcription of both recA and sfi4 genes of E. coli was higher in S, fyphimurium than in
E. coli. Nevertheless, induction of recA and sfi4 genes by UV-irradiation and mitomycin
C was higher in E. coli than in . typhimurium. On the other hand, umuC gene of E. coli
presents the same basal level of transcription in both . coli and S. tvphimurinm species,
although induction of this gene by UV-irradiation and mitomycin C was higher in S.
tephimurium than in E. cofi. Therefore, the plasmid pUA25 constructed in this work
may be used to introduce, using the Lambda phage as a vector, the SOS genes of E. coli
in other bacterial species which may be useful to study the relationship between their
respective SOS systems.

Key words: SOS system, plasmid construction, Lamdda in Salmonella, repair in
Enterobacteriaceae, mutagenesis and repair.

Resumen

Se ha subclonado en una cepa de Salmonella typhimurium portadora del plasmido
F'112 con la region lamB de Escherichia coli, un fragmento de 10.2 kb de DNA de E.
coli en el que se encuentra localizado el gen nusA. De esta forma, se ha conseguido que la
cepa UA1436 de S. typhimurium sea sensible a la infeccion por el bacteridfago Lambda.
Elio ha permitido, la lisogenizacion de S. typhimurium por los bacteriéfagos Aelnd—
recAxzlacZ vy Aelind—sfid..lacZ portadores de las fusiones génicas recA~lacZ y

* Corresponding author,
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sfid::lacZ de E. coli. Asimismo, se ha introducido en S. typhimurium el plasmido
pSE143 portador de una fusion entre el gen umuC de E. coli y el gen lacZ. Una vez
obtenidas las cepas de 8. typhimurium portadoras de las fusiones génicas citadas, se ha
estudiado la expresién de éstas como consecuencia del tratamiento con diferentes
agentes inductores del sistema SO8. Los resultados obtenidos demuestran que la
transcripeion basal de los genes recAy 5fid de E. coli es mayor en S. typhimurium que
en su especie de origen. También se ha comprobado que la induccion de estos dos genes
por la radiacion ultravioleta y la mitomicina C es menor en S, fyphimurium que en E,
coli, Por el contrario, ¢l gen umuC de E. coli presenta el mismo nivel basal de
transcripcion en ambas especies, siendo no obstante su tasa de induccion por la
radiacién ultravioleta y la mitomicina C mayor en S. fyphimurium que en E, coli. Por
otra parte, utilizando el bacteriofago Lambda y el plasmido pUAZ2S5 construido en este
trabajo se pueden introducir los genes SOS de E. coli en otras especies bacterianas, lo
que facilitara el estudio de las relaciones existenies entre los sistemas de reparacion de
diferentes géneros bacterianos,

Introduction

In Escherichia coli, damage to DNA induces a group of cellular activities called SOS
functions (30). This SOS response includes inhibition of cell division, error-prone repair,
induction and reactivation of prophages, cessation of respiration, and massive synthesis
of RecA protein (Table 1). Nevertheless, expression of the SOS system is not an all-or-
nothing process, since some SOS functions may be induced by some treatments but not
by others (2, 19). However, all of these SOS functions depend on the recA, lexA and ssb
genes. Biochemical studies on the RecA protein have shown that it can act as a specific
Jprotease, after activation by some signal such as single strand DN A fragments generated
by DNA damage, cleaving the repressor that controls phage induction (26). It also
cleaves the LexA protein, which in normal conditions represses the recA gene along with
the other genes involved in the SOS reponse (9, 22). This derepression leads to the
formation of large amounts of RecA protein, which, upon activation, cleaves the LexA
protein that controls the target genes and causes the induced system to become
functional. In a surviving cell, DN A repair decreases generation of the signal for RecA
protein activation so that the protease level decreases, repressors accumulate, and all
induced genes become repressed. Recently, it has been shown that the UV-mediated
induction of SOS system depends on the RecBC-exonuclease activity, in both generation
of single strand regions in the DNA and ATP production which is used in vivo as a
cofactor to LexA repressor cleavage by RecA protease (3, 4). Likewise, SOS system
expression may be stimulated by increasing intracellular ATP concentration by addition
of adenine (8, 20). Furthermore, a number of bacteria have been shown to induce
physiological responses or new proteins or both, in the presence of agents such as UV-
radiation which induce the SOS reponse in E. coli. The list of such bacteria includes S.
typhimurium (14), Proteus mirabilis (15), Haemophilus influenzae (25), Bacteroides
Sragilis (28), Bacillus subtilis (13) and Rhodobacter capsulatus (Barbé et al.,
submitted). Nevertheless, some bacteria related to E. coli, such as S. typhimurium or P.
mirabilis present an increased UV-sensitivity in comparason to E. coli (16, 21). For this
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reason, and to determine the possible causes of this behaviour of 8§ typhimurium, we
have studied the expression of three 8OS genes of E. coli (i. e. recd, 5fid and umuC) in
8. typhimurium using respectively a Lambda bacteriophage with either recA::lacZ or
§fid::lacZ fusions and a plasmid with a umuCr-lacZ fusion. Due to the fact that Lambda
bacteriophage cannot replicate in Salmonella spp as these bacteria lack a host function
needed for Lambda growth (6), we have constructed a plasmid with the #risA gene of £
coli which when introduced in Salmonella sensitizes the later to Lambda phage.

Materials and Methods

Bacteria, Bacteriophage and Plasmids

Bacterial strains used are listed in Table 2. The phage used was Avir from our
collection, Plasmids pEH28 and pMC874 were provided by E. H. Holowachuk and M.
Casadaban, respectively.

TABLE 1. .
GENES OF ESCHERICHIA COLI REGULATED BY THE Lex 4 REPRESSOR*

Gene Map location Function
(min)
recd 58 General recombinaticn, protease
lexA 91 SOS repressor
wvrd ' 92 Excision repair
uvrB 17 Excision repair
utnuC 25 Mutagenesis
sfid 22 Cell division inhibitor
himA 38 Site-specific recombination
dinAd 2 Unknown
dinB 8 Unknown
dinD 80-85 Unknown
dinF 91 Unknown

Piasmid genes
muc on pKMI101 Mutagenesis
colEl on pColEl - Synthesis of colicin E1

i

* Modified of {24}

Media and growth conditions

All treatments (UV-irradiation, and mitomycin C or bleomycin addition) were
applied to cultures growing at 37°C with shaking in liquidal minimal medium AB (11}
supplemented with thiamine (10 pg ml-Y), glucose (0.2 %, w/v) and casaminoacids (0.4
w/v). When necessary, LB (24) was used as a rich medium. Cells treated with
mitomycin C were grown in AB medium adjusted to pH 5.5 since this pH is eptimal for
the action of this compound (24). Mitomyein C (spec. act. 4 %) and 5-bromo-4-chloro-3-
indolyl B-D-palactopyranoside (X-Gal) were obtained from Sigma, bleemycin from
Laboratorios Almirall (Barcelona, Spain), and e-nitrophenil-8-D-galactopyranoside
from Fluka. Aminoacids, vitamins and mineral salts were purchased from Merck and
tryptone, yeast extract and agar from Oxoid. Ampicillin, streptomycin and kanamycin
were a generous gift from Antibidticos, 8. A. (Ledn, Spain).
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TABLE 2

STRAINS OF ESCHERICHIA COLI K-12 AND SALMONELLA TYPHIMURIUM LT2 USED IN THIS
WORK

Strain Genotype Source or reference

Escherichia coli

ABI157 argE3 lacYl hisd thrl proA2 lenG thil supFE44 rpsL This laboratory

GC2375 as AB1157, but lysogenic for {Ad(recd::lacZ)lind) Casaregola et al. {10)
GY47864 as AB1157, but lysogenic for {Ad(sfid-faeZ)clind) Huisman and I’ Ari {18)
HE101 proA2 leuBS thil hsdR hsdM recAl This laboratory

UA4154 as HB101, but pEH28 (Amp"} This work

MCIi0G61 araDI39 A (ara lew)7697 A lac74 AsdR vpsL22 M. Casadeban

UA4177 as MC1061, but pSE143 (Km', umuC:lacZ) This work

UA4180 & e galK gatl rpsL pMC874 (Km") This work

Saltmonella typhimurium

LT2 wild type, without Fels-2 phage This laboratory
UAIL as L.T2 but lysogenic for Fels-2 phage This laboratory
TT10025 ag LT2 but pSE143 (Km', umuC::lacZ) I. Casadesis
SH6749 RisG-165 ivd52 merd22 metES31 tpB2 pal E496 xpidp4 E. T. Palva
rpslf20 laAG6 hsdl6 hsdSA29
T8736 as SH6749, but AmalB and F'112 E. T. Palva
UAl436 as TS5736, but pUA2S (Km" This work
UA1437 as UA1436, but lysogenic for (Ad(recA: facZ)clind) } This work
UAIL1438 as UA1436, but lysogenic for (Ad(sfidJacZ)clind) This work

Phage adsorption studies

Phage adsorption studies were done using essentially those methods described by
Adams (1).

UV-irradiation of bacterial suspensions

Cells were grown to exponential phase (2 x 102 cells ml—") in supplemented AB
medium, and irradiated in a glass Petri dish (10-cm diameter) with a General Electric
GY1578 germicidal lamp at a rate of 0.5 J m—2 s—! (determinated with a Latarget
dosimeter). After irradiation they were centrifuged and resuspended in the same
volume of supplemented AB medium. Irradiation of cell suspensions was carried out with
constant shaking in a layer less than 1 mm thick. All procedures were performed under
yellow light or in the dark to prevent photoreactivation.

DNA techniques

Plasmid DNA was isolated by the alkaline extraction procedure of Birnboim and
Deoly (7). This procedure was followed by CsCl/ethidium bromide isopycnic centrifu-
gation. Restriction by BamH] and EcoRI enzymes (Boehringer) was as described by
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Maniatis et al. (23). DNA fragments after enzyme digestion were purified from 0.8 %
(w/v) low melting point agarose gels (BRL). Ligations were typically performed at 10 ug
ml—! of both vector and insert DNA with T4 DNA ligase (Boehringer) at 4°C for 10 h.
Plasmid DNA transformation was carried out as described by Maniatis et al. (23).

Lysogenization of bacterial strains

To lysogenize with defective phage Ad (recA:-lacZ) clind, late exponential phase
cells grown in LB containing 0.4 % maltose were centrifuged, resuspended in 10—2 M
MgSQ 4 and infected at a multiplicity of 0.01 with a stock containing a mixture of Avir and
defective phage. After 20 min adsorption, the cells were plated on LB ampicillin plates.
Ap'clones were tested for the presence of the recA::lacZ fusion.

Lysogens for Ad (sfid::lacZ) clind were constructed by spotting the phage on a
bacterial lawn, incubating overnight at 37°C, and then plating bacteria from the spot on
LB-glucose X-Gal plates at 37°C. After one night, lysogens formed pale blue colonies,
which were subsequently isolated and tested for the presente of the sfid::lacZ fusion.

B Galactosidase assay

The assay was performed as described by Miller (24). Enzyme concentrations
(U/ml) were calculated from the formula proposed by Casaregola er al (10):

Ago— 1.75 Asso Reaction volume

(0.0075) (time of reaction) Sample volume

where the A s5q corrects for the scattering by residual bacterial debris and 0.00735 is the
A g0 of 1 nM o-nitrophenol. The reaction volume was 1.75 ml and the sample volume
was 0.1 ml

Results

Construction af a Salmonella typhimurium strain able to support lysogenization by
Lambda phage

Escherichia coli nusA gene is needed to provide the host function necessary for the
transcription antitermination and consequently for lysogenization by Lambda, even in
Saimonella typhimurium (6). For this reason, and because the Lambda phage harboring
the recA::lacZ carries ampicillin resistance as does the plasmid pEH28 containing the
nusA gene of E. coli (17), this gene was subcloned in the pMC874 vector which codifies
for kanamycin resistance. As shown in Fig. 1, cleavage of pEH28 plasmid with EcoRI
and BamH] generates two fragments of respectively 10.2 kb and 4.5 kb. nusA4 gene is
located in the 10.2 kb fragment (17} which was subsequently ligated to the 6.2 kb
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Fig. 1. Cloning of the chiromosomal nus4 vepion of Escherichia colf from plasmid pEH28 into pHC873. Both
plasmids were cleaved with EcoRT and Bam HT enzymes and the largest fragment of ¢ach plasmid was then ligated
to the other to obtain plasmid pUAZ25 thus harbering both the rusd gene and the kanamycin resistance.

fragment of the plasmid pMC874 obtained after double digestion of this plasmid by
EeoRI and BamHI enzymes (Fig. 1). The plasmid obtained, pUA25, was used to
transform strain TS736 (a strain carrying the F’112 plasmid which has the lam B region
of E. coli necessary for Lambda adsorption) selecting for kanamycin-resistant clones.
The ability of the resulting strain, UA1436, to support both Lambda adsorption and
growth was tested. Fig. 2 shows that A phage can adsorb to the Saimonella strain
UA1436 as efficiently as to E. coli strain. On the contrary, there was no adsorption to the
S. typhimurium SH6749 control straing, Furthermore, the efficiency of plating of Avir
phage on UA1436 and E. coli AB1157 was practically the same, whereas this same
phage was unable to produce any plaque when strain T8736 of S. typhimurium was used
as an indicator, showing that plasmid pUA25 sensitizes S. typhimurium to Lambda.

Induction of SOS genes of Escherichia coli in Salmonella typhimurium,

It has been described (21) that Salmonella typhimurium LT2 is more sensitive to
UV-irradiation than E. coli. Nevertheless, this increased UV-sensitivity of S. typhimu-
rium can not be attributed to the presence of prophages, because strains of this
_bacterium which have lost these prophages (27) already show a higher sensitivity than E.
coli (Fig. 3A). Futhermore, S. typhimurium and E. coli show the same resistance to
both mitomycin C and bleomycin (Fig. 3B) which are two strong prophage-inducing
compounds.
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Fig 2. Adsorption of Avir phage to maltose-grown Escherichia coli and Salmonella tvphimurium. At the times
indicated, the cells were centrifuged and the supernatant was titrated on E. coli AB1157. The number of plagues
obtained at time ¢ is plotted as a percentage of that obtained at time zero. Strains used were 8. iyphimurium
SH6749 (@), 5. ryphimurinvm UA1436 (0) and E. coli AB1157 (0O).
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Figure 3. (A) Survival curves for several strains of Escherichia coli K-12 and Salmonetla typhimurium LT2
growing in supplemented minimal AB medium after exposure to different doses of UV-radiation. Straints used were
AB1157 (bo), LT2 (@), and UAL (A). (B} Survival curves for E. coli K-12 (open symbols) and S.
typhimurium LT2 (closed symbols) after 30 minutes of treatment with increasing dosis of bleomycin (T1,Hl) or

mitomyeim C (O, @),
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For these reasons, we studied the expression in S. typhirmurium of three SOS genes of

E. coli (i.e., recA, sfiAd and umuC) using a Aelind— harboring either a fusion recA::lacZ
(10} orsfid:slacZ (18) and the plasmid pSE143 with a fusion umuC::lacZ (12). In a first
approximation, basal levels of recA, sfid and umuC genes in both E. coli and S.
typhimurium were determined. Data obtained (Table 3) show that Salmonellg strains
harboring recA or sfid fusions present B-galactosidase basal levels about 20-30 times

TABLE 3

BASAL EXPRESSION OF THE 508 GENES OF ESCHERICHIA COLI IN BOTH SALMONELLA
TYPHIMURIUM AND ESCHERICHIA COLI

Strain SOS gene Basal level*

Escherichia coli

GC2375 recA 113
GY4786 sfid 70
UA4177 umulCD 20
Saimonella typhimurium

UA1437 recA 2500
UA1438 sfid 2000
TT10061 umuCh HE)

*Strains were grown in AB minimal medium with glucose and supplemented with casaminoacids. Basal levels are
the units of specific activity of the B-galactosidase enzyme of each strain without any SOS-inducing treatment.

higher than those found in E. coli 'On the other hand, umuC::lacZ fusion has a similar
level of expression in both S. typhimurium and E. coli. Afierwards, kinetics of the expression

of recA, sfiAd and umuCD genes following UV-irradiation or mitomycin C addition in
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both Salmenella and Escherichia were studied. Fig. 4 and Fig. 5, respectively show that
the level of induction of recA and 5fi4 genes was in all cases higher in E. coli thanin S.
typhimurium. Nevertheless, expression of umuC gene by the two inducing agents cited
above was higher in Salmonella than in Escherichia (Fig. 6).

(A) L (B) —

I
L
[

\
K
\ai

—
Lo

Relative rate of sfiA gene induction

1 _____--'.-—-l—-—-‘.::_: L J
0 20 40 60 80 1000 20 40 60 80 100
Time  {min)

Fig. 5. {A) Relative rate of /4 gene induction, measured as S-galactosidase synthesis, in strain GY4786 of
Escherichia coli (open symbols) and in strain UA1438 of Sglmonella typhimurium (closed simbols) after UV-
irradiation at 10 Jw-2 (O, @), 20 Jm2 ([],M) or 40 Jor? (A, 4A). {B) Relative rate of g7 A gene induction in
GY4786 {open symbois) and UA1438 (closed symbols) sirains after treatment with mitomycin C at 20 ug ml-!
(O, ®), 40 pg ml-! (M) or 80 ug ml-' (A, 4A). The data refer to the level of specific units of B-galactosidase
which each strain presents without any treatment.
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each strain presents without any treatment,
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Discussion

Results presented in this work show that the expression of recA, sfid and umuC genes
of Escherichia coli may be triggered in Salmonella ryphimurium by the two SOS-
inducing agents UV-irradiation and mitomycin C. Furthermore, the basal level of
transcription of both recA and 5fi4 genes was higher in S. fyphimurium than in E coli,
showing that the LexA repressor of Salmonelia is able to block the expression of these
genes, although with a lower specificity than in E. coli.

Nevertheless, umuC pene presents the same level of basal expression in both
bacterial species, suggesting that the specificity of LexA repressor is different for the
several SOS8 genes, and at least in E. coli and S. typhimurium this specificity is very
similar in some SOS genes such as umuC. In relation to this, it has been shown that
umuC gene is not triggered by weak 50 S-inducing agents such as nalidixic acid (4) or 5-
azacytidine (3), although both compounds are able to induce other SOS genes, like sfiA.
All these results give support to the idea that the LexA repressor binding specificity is
different for each SOS gene. Therefore, this factor couid explain the previously reported
discriminated induction of the several SOS functions in relation to the inducing treatment
and the extension of the $S0OS-inducing signal generated (2, 5). Moreover, and with
independence of the basal transcription of the three genes studied, these genes showed a
different level of induction in S, typhimurium and in E. coli when both were treated with
either UV-radiation or mitomycin C. Thus, expression of recA and s/i4 genes was lower
in Saimonella than in Escherichia (Fig. 4 and Fig. 5). These results could explain the
higher sensitivity of S. typhimurium to UV-radiation in comparison to E. ¢oli. Neverthe-
less, the answer to the question why induction of umuC gene was higher in Salmonella than
in Escherichia (Fig. 6) is so far unknown and requires further study. Finally, the system
described in this paper to introduce MrecA::lacZ and Asfid::lacZ phages in Salmonella is
quite easy to perform and may also be successfully applied to other bacteria to study the
existence of SO8§ genes as well as to determine the relationship between these genes in
different bacterial species.
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Snmmary

A total of 736 strains were isolated from samples taken from three different saline
habitats: solar saltern, saline soils and the sea, near Alicante {Spain). For a further study
60 moderately halophilic nonmotile rods were selected and studied for 57 phenotypic
characteristics. The highest proportion of moderately halophilic nonmotile rods were
isolated from saline soils and in media with 10 or 20 % salts, being very scarce in sea
water samples. All were Gram-negative rods and were included in two groups: 33 oxidase
positive strains could be assigned to the genus Flavobacterium and 24 oxidase negative
strains to the genus Acinefcbacter,

Key words: Halophilic bacteria, Flavobacterium, Acinetobacter

Resumen

Se aislaron un total de 736 cepas de muestras tomadas de diferentes habitats salinos:
salina solar, suelos salinos y mar, en la provincia de Alicante (Espafia). Posteriormente
se seleccionaron 60 bacilos inmoviles haléfilos moderados a los que se les realizé un
estudio taxenomico de 57 caracteres fenotipicos. La mayor proporcion de estas cepas
procedian de las muestras de suelos salinos ¥ fueron aisladas en los medios que conte-
nian 10 6 20 % de sales. Sin embargo, en las muestras de agua de mar se seleccions un
nimero muy pequeiio de estos microorganismos. Todos ellos eran bacilos Gram
negativos halofilos moderados vy se incluyeron en dos grupos: 33 cepas oxidasa positivas
fuercn asignadas al género Flavobacterium y 27 cepas oxidasa negativas al género
Acinetobacter.

Introduoction

Moderately halophilic bacteria are defined as those which can grow optimally in
media containing 3-15 % NaCl (9). They are widely distributed in different saline
habitats: solar saltern (17, 20), hypersaline lakes (10}, saline soils (14, 15) and sea water
(4, 22). Taxonomically they are a very heterogeneous group, including both Gram-
positive and Gram-negative bacteria. Whereas the Gram-positive are better defined

* Corresponding author.
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(2, 11, 12, 21), the Gram-negative moderately halophilic bacteria, the most abundant
group in the habitat studied, are represented only by Vibrie costicola (8) and Deleya
halophila (16). Other species reported as «Flavobacterium halmophilum» and
«Pseudomonas halosaccharolytica» are not considered validly published (8).

We have previously studied the aerobic and facultatively anaerobic motile, moderately
halophilic rods, from saltern and saline soils (15, 16, 20). The purpose of this paper has
been to isolate and characterize the nonmotile moderately halophilic rods from three
different saline habitats: solar saltern, saline soils and sea. We have also determined the
distribution of these bacteria in the different habitats and some physico-chemical
parameters of the samples.

Materials and Methods

Sample collection and physico-chemical determinations

Samples were collected from three different places: the water samples were taken
from the solar saltern «Bras de Port» and from the Mediterranean coast, and soil samples
from an abandoned solar saltern, all of them located near Alicante (Spain), The
description of these places has been made previously (14, 20). Two samplings were
effectuated on July 1984 and January 1985, getting twenty samples from the solar
saltern, ten samples from the saline soils and six samples from sea water. The methods for
the sampling and physico-chemical determinations (pH, % total salts and % Cl” content)
have been described previously (14, 20).

Isolation and selection of the strains

Isolation media contained: yeast extract (Difco), 1 %; proteose-peptone ne, 3
(Difco), 0.5 %; glucose, 0.1 %; Bactoagar (Difco), 2 %, supplemented with a balanced
mixture of seasalt, according to Subow (19), giving the following final concentrations:
0.5, 5, 10, 20 and 25 %. In the case of the samples from solar saltern, the isolation media
used were modified according to Ventosa et al (20). Isolation conditions have been
described previously (14, 15, 20). A few colonies were randomly selected per plate up to
a total of 736 and successively subcultured on the same medium to ensure purity, For
further study, the motility and the salt response of the strains were determined, and 60
nonmotile moderately halophilic rods were selected. The range of growth of the isolates
at different salt concentrations was determined on the above isolation medium with 0,
0.5, 3,5, 7.5, 10, 12.5, 15, 20, 25 or 30 % total salts. The optimun concentration was
considered to be that in which a visible growth appeared first.

Reference strains

For comparison the following strains from culture collections were used: Deleya
halophila CCM 3662, Vibrio costicola NCMB 701, «Chromobacterium marismortui»
ATCC 17056 and «Pseudomonas halosaccharolyticar CCM 2851, Quotation marks
indicate those species which are not in the «Approved Lists of Bacterial Names» (18).

Maintenance medium
The strains were mantained on agar slants of a medium containing 7.5 % total salts.
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The final composition of this medium was (%); NaCl, 6.07; MgCl,, 0.5; MgSo,, 0.74:
CaCl,, 0.027; KC1, 0.15; NaCO H, 0.0045; NaBr, 0.0019, supplemented with nutrients
as in the isolation medium.

Characterization of the isolates

The 60 selected strains were examined for 57 phenotypic characteristics, according to
previous studies {15, 16, 20) and following the recommendations of the Berpey’s
Manual (8), Holmes et al. (5, 6, 7) and Yabuuchi ez al. (23). The tests were carried out in
media with 7.5 % total salts and the pH was adjusted to 7.2. The incubation temperature
was 32°C.

The phenotypic tests investigated were: Gram reaction, catalase, oxidase, anaerobic
growth, Hugh-Leifson test, growth at pH 5,6, 7, 8, 9 or 10 and at 5, 15, 25, 32, 37, 40
or 45°C, acid production from L-arabinose, D-cellobiose, D-fructose, D-galactose,
D-glucose, meso-inositol, lactose, maltose, D-mannitol, D-mannose, salicin, sucrose,
and D-xylose, nitrate and nitrite reduction, H,8 production, indole, methyl-red, Voges-
Proskauer, urease hydrolysis, selenite reduction, gluconate oxidation, phenylalanine
deaminase, growth on KCN, cetrimide-agar and Mac Conkey agar, casein, gelatin,
starch, Tween 20, Tween 80, esculin and tyrosine hydrolysis, haemolysis, phosphatase,
DNAase and lecithinase preduction and piocianin and fluorescein pigments preduction.

Results

Physico-chemical parameters

Table 1 shows the results of the physico-chemical characteristics of the different
samples studied, corresponding to the sampling carried out on July 1984, The
data of these parameters were very similar in the second sampling, and therefore have
been omited. It is remarkable the neutral or slightly alkaline pH, and the wide range of
salinities of the samples. There was a correlation between the percentage of Cl™ and the
total salt content in all samples, except in those from saline soils, where the NaCl is not the
most important salt.

Bacterial biota

The results of the bacterial counts, corresponding to the sampling on July 1984 of the
three habitats studied isolated in media with different salt concentrations are shown in
Figure 1. In this figure is expressed the logarithm of the number of celony forming units,
per milliliter of water or gram of soil. Those results correspond to the average of all
the samples of each fiabitat studied for the same saline concentration used in the isolation
media, because the standard deviation was very low. The results of the sampling of
January 1985 were very similar to those showed in Figure 1. This fact can be explained
because of the climatic characteristic of this region and in fact this homogeneity has
been observed in a previous stidy (14).
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TABLE 1

PHYSICO-CHEMICAL PARAMETERS IN THE SAMPLES OF THE THREE SALINE HABITATS
STUDIED

Sample pH Total salt content (%) CI” content (%)
Sea
X 8.0 4.5 2.3
Y 8.2 4.9 23
Z 8.3 4.9 22
Soil
A 8.4 330 2.4
B 82 353 33
C 79 297 ' 4.0
D 8.1 42.2 5.1
E 79 14.3 59
Solar saltern
) 8.1 28.7 14.7
1. 7.7 353 21.9
2 1.6 37.2 20.9
3 1.6 39.0 22.1
4. 1.2 45.1 23.2
5 7.2 353 21.6
6 1.2 43.2 226
7 1.5 437 227
g 7.0 ’ 48.6 24.4
9 7.3 41,2 23.2

0.5 5 10 20 25
% SALTS IN ISOLATION MEDIA

L0G10 OF AVERAGE COUNTS PER ML OF WATER OR GRAM OF SOIL

Fig. 1. Histogram showing the average number of viable bacterial counts in media with different salt concentrations
(0.5, 5, 10, 20 and 25 % salts) for the three habitats studied (0 = sea; B = saline soil; [ = solar saltern).
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Table 2 shows the total number of strains isolated from the three habitats studied
using the five different salt concentrations, as well as the total number of nonmotile
moderately halophilic rods isolated from these habitats. As can be seen the majority of
nonmotile moderately halophilic rods were isolated from saline soils and in the media
with 5-20 % total salts.

TABLE 2

SOURCE OF THE 736 STRAINS AND OF THE 60 SELECTED MODERATELY HALOPHILIC
RODS ISOLATED FROM THE THREE HABITATS STUDIED USING MEDIA WITH FIVE
DIFFERENT SALT CONCENTRATIONS

Sample Number of total strains isolated Number of moderately halophilic nonmotile
rods selected

Total salt concentration in the isolation media {%);Total salt concentration in the isolation media (%)
05 s 10 20 25 Total 0.5 5 10 20 25 Total

Saline soil 100 80 140 80 36 436 0 5 30 12 2 49
Solar saltern 72 62 18 14 2 228 0 1 4 2 0 7
Sea water 10 20 30 8 4 72 0 0 [¢] 4 0 4
Totzal J182 162 2483 102 42 736 0 6 M 18 2 60

Taxonomic characterization

All the 60 strains studied were Gram-negative, nonmotile rods. All were shorts rods,
ocasionally with large curved cells and filaments. They developed, circular, low convex,
smooth, opaque, and yellow or cream pigmented colenies on 7.5 % salts solid medium,
after 5 days of incubation at 32°C. Broth cultures were uniformly turbid. The optimum
salt concentration for growth was 7.5 %. They were strict aerobes. The results of the
phenotypic test for which these strains have been examined are shown in Table 3.

Discussion

In Figure 1, the results corresponding to bacterial flora content from the habitats
studied are represented. Each bar shows the arithmetic mean of the number of colonies
counted in all the samples from each habitat using different saline concentrations
in the isolation media. Although, as we can see in Table 1, the percentages of salt
contents suffer a great variation among different samples, the results of bacterial flora
content have not been affected by them. In fact, the habitat is the factor which exerts
a greater influence, followed by the salt concentration in the isolation media for the cases
of soil and sea samples.

The highest and lowest bacterial contents correspond to soil and solar saltern
samples, respectively. The last result being probably due to the competition in this
environment among extremely halophilic and moderately halophilic bacteria. The
isolation media modified according to Ventosa ef al (20) did not have the sufficient Mg2+



94

TABLE 3

PHENOTYPIC CHARACTERISTICS OF THE 60 MODERATELY HALOPHILIC NONMOTILE
RODS STUDIED

Characteristic Oxidase positive strains (33)  Oxidase negative strains (27)
Growth at:
0.5 % total salt gn 18
pH 3 ' 28 27
pH9 29 27
pH 10 29 27
5°C 16 17.
40°C 3 30
45°C 29 237
Acid from:
L-arabinose 2 o
D-cellobiose 1 0
D-fructose 3 0
D-palactose 5 o
D-glucose 4 1
Meso-inositol 2 0
lactose 1 _0 .
Maltose —j- _0 .
D-mannitol 5 'R
D-mannose 1 0
Salicin 1 0,
Sucrose 8 0
Nitrate reduction 29 23
Nitrite reduction 17 2
H,5 production 13 21
Urease hydrotysis 33 24
Selenite reduction 33 24
Gluconate oxidation 5 2
Phenilalanine deaminase 18 1
Growth on KCN 21 23
Growth on Mac Conkey agar 24 24
Growth on Cetrimide-agar 5 20
Gelatin hydrolysis 4 19
Starch hydrolysis 1 I
Tween 20 hydrolysis 27 26
Tween 80 hydrolysis 8 16
DNAase 9 9
Phosphatase 5 20
Esculin hydrolysis 7 21
Lecithinase hydrolysis 2 0
Tyrosine hydrolysis 27 iSﬁ
Hasmolysis 2 _(l

All the strains were Gram-negative, formed catalase, were strict agrobes with oxidate metabolistm, They grew at
pH 6.7, or 8 and at 15, 25, 32 or 37°C. None produced piocianin nor flucrescein, acid from D-xylose, formed indole,
were methyl-red or Yoges-Proskauer positive, nor hydrolized casein. )

# Number of strains which gave positive reaction for each characteristic from the 33 oxidase positive strains.

b Number of strains which gave positive reaction for each characteristic from the 27 oxidase negative strains,

¢ Underline numbers indicate that at least the 90 % of the strains are positive or negative for each test.
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concentration to allow extremely halophilic bacteria to grow and therefore they were not
counted in these media (17). In the case of sea and soil samples, the counting was higher
with 5-10 % total salts, and decreased with 20-25 % total salts. The high proportion of
bacteria obtained in media containing 0.5 % total salts suggested the presence of
halotolerant microorganisms, as it was latter confirmed. On the other hand, the results
corresponding to sea water samples at 20-25 9% total salts were so low that have not been
represented in Figure 1.

The percentages of total salts and Cl™ contents of the samples studied presented a
great variation for each habitat studied: solar saltern, soil and sea. One very interesting
feature is that in soil samples, where the Cl™ contents are relatively low, we isolated the
mayor proportion of selected moderately halophilic bacteria (Table 2}, and the counts
were also the highest. This fact could be explained by the existence of microhabitats with
sufficient high salt concentration.

With respect io the source of moderately halophilic nonmotile rods selected
from the 736 strains isolated, we can observe that 5-20 96 were the most favourable salt
concentrations in the isolation media for selecting these strains. The media with 25 %
total salts seem to be the best for the isolation of moderately halophilic cocei, as we have
previously described (14). However all the selected strains at 5-20 % salt concentrations
were also capable of growing at 25 % salt after 5 days of incubation at 32°C. It was not
found a clear correlation between optimal salt concentration for each strain and the total
salt content of the sample or isclation medium, in which it was isolated. All the strains
grew optimally in media with 3-15 % total salts and therefore they were moderately
halophilic bacteria {9).

The most remarkable feature of the taxonomic results obtamed is that all selected
nonmotile moderately halophilic strains form a very homogeneous group of Gram-
negative rods (see Table 3). As we can chserve in this table two subgroups corresponding
1o the oxidase positive and oxidase negative strains are differentiated.

All these results lead to the conclusions that the moderately halophilic nonmotile
Gram-negative rods isolated could be assigned to the genera Flavobacterium (oxidase
positive strains) and Acinetobacter (oxidase negative strains} (8). However, they are not
similar to previously described species of these genera, The 33 oxidase positive strains
presented some similarities with «Flavebacterium oceanosedimentum» except in acid
preduction from sugars and nitrate reduction {1}, although the most important difference
among them is that the strains we describe were moderately halophilic microorganisms,
whereas «Flavobacterium oceanosedimentum» was a marine bacterium. On the other
hand, they were very different from the moderately halophilic species «Flavebacterium
halmophilum» in many characteristics (3).

The other 27 oxidase negative strains presented typical charactenst:cs of the genus
Acinetobacter (8). However, Acinetobacter calcoaceticus, the only species accepted, is
not similar to this group, and the only moderately halophilic strain described as a member
of this genus (13), was not taxonomically studied and therefore was not validly published.

All these results suggest that both groups could constitute new taxons not previously
described. Therefore, genetic and meclecular studies to support this assesment are
necessary. :
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Summary

The incidence of Campylobacter pvloridis in the stomach of patients with chronic
gastritis, peptic ulceration and in normal subjects, has been studied. Seventy-one biopsy
specimens were taken from affected and normal gastric mucosa of 61 patients and 10
normal subjects, respectively. In 54 (88,5 %) out of the 61 patients and in 1 (10 %) out of
the 10 normal subjects, C. pvioridis was observed. In addition, in 39 samples this
micreorganism was successfully cultured.

Key words: Campylobacter, C. pyloridis, gastric pathology

Resumen

Se ha realizado un estudio sobre la incidencia de Campylobacter pyioridis en
muestras de biopsia gastrica, procedentes de 71 sujetos (33 enfermos con gastritis
cronica, 28 con ulcera gastrica y 10 sujetos normales). De las 61 muestras de biopsia
estudiadas de enfermos con patologia gastrica, se observaron bacilos curvados, Gram
negativos, compatibles con Campyiobacter, en 54 ocasiones (88,5 %) y se cultivaron en
39 (63,9 9%). De las 10 muestras de biopsia procedentes de sujetos normales, se pudo
obsgrvar células de Campylobacter solamente en una ocasion, pero sin conseguirse su
cuitivo.

El género Campylobacter esta constituido por bacterias Gram negativas microaero-
filas y vibrioides. La importancia de este microorganismo como agente causal de cuadros
diarreicos, ha sido ampliamente destacada (9). Marshall y Warren (7) observaron, por
vez primera, la presencia de microorganismos espirales o curvados en forma de bacilo,
relacionados con el género Campylobacter. Estos microorganismos que se encuentran en
biopsias géstricas procedentes de enfermos con gastritis cronica, tilcera duodenal o Glcera
gastrica, se denominan «organismos tipo Campylobacter» (Campylobacter-like orga-
nisms). En 1983, Skirrow (Skirrow, M. B. 1983, Proc. II Intern. Workshop on Campylo-
bacter infections, p. 36) propusc el nombre de C. pyloridis, para aquellas bacterias tipo

* A quien se dirigira la correspondencia.



98

Campylobacter asociadas a la mucosa gastrica. Otros autores se refieren a estos
microorganismos como C. pyloric o C, pylori (2, 6). Recientemente se ha sefialado el
aislamiento a partir del epitelio gastrico, de bacterias tipo Campylobacter pero distintas
de C. pyloridis para las que se propone el nombre de organismos gastricos similares a
Campviobacter tipo 2 (GCLO type 2) (4). En el presente trabajo se estudia la presencia
de microorganismos tipo Campylobacter en biopsias gastricas de enfermos con patologia
gastrointestinal.

Se han estudiado 71 muestras de biopsia gastrica procedentes de 33 enfermos con
gastritis cronica, 28 con ilcera gastrica y 10 sujetos normales. Las muestras se tomaren
con pinza de biopsia de gastroscopio y se introdujeron en 10 ml de caldo tioglicolato para
su transporte y estudio microbiolégico que se realizé dentro de las dos horas siguientes a
su obtencion. Las improntas de cada muestra fueron tefiidas por Gram y se observaron al
microscopio éptico. Por otra parte, las muestras fueron sembradas en medio Skirrow
utilizando sangre hemolizada de caballo y se incubaron en condiciones microaerofilas
utilizando un prevacio de 500 mm Hg y sistema GasPak para la produccion de CO, e
hidrégeno, excluyendo el catalizador de paladio y utilizando campanas de anaerobiosis
(sistemas BBL). Todas las muestras fueron incubadas a 37°C durante un periodo de
tiempo no inferior a 72 horas y no superior a 5 dias. Las colonias obtenidas en los medios
de cultivo, fueron tehidas por Gram, realizandose ademas las pruebas de la catalasa y de
la citocromooxidasa.

TABLA 1

OBSERVACION MICROSCOPICA Y CULTIVO DE CAMPYLOBACTER EN MUESTRAS DE
ENFERMOS CON PATOLOGIA GASTRODUODENAL Y EN SUJETOS NORMALES

Niumero individuos con: Presencia de organismos tipo Campylobacter:
Observacion microscopica Cultivo
Gastritis crénica a3 30 (90,29%) 21 (63.,6 %)
Ulcera gastrica 28 24 (85,7%) 18 (64,2 %)
Controles (sujetos normales} 10 1 {10%) 0

Como se observa en la Tabla 1, de las 33 muestras de biopsia gastrica procedentes de
enfermos con gastritis cronica se observaron bacterias tipo Campylobacter en 30
ocasiones (90,9 %) y se cultivaron con éxito en 21, De las 28 muestras de biopsia
gastrica procedentes de enfermos con ulcera gastrica, se detecté microscopicamente
bacterias tipo Campylobacter en 24 ocasiones (85,7 %), siendo posible su cultivo en 18
casos (64,2 %). En las muestras obtenidas de sujetos sanos s6lo fue posible observar
organismos tipo Campylobacter en un caso.

Los estudios de Marshall y Warren (7) han servido de punto de partida para estable-
cer la posible importancia clinica de los microorganismos tipo Campylobacter. Estos y
otros autores (3, 5, 8), han sehalado la presencia de estas bacterias en enfermos con
patologia géstrica. Nuestros resultados confirman y amplian estas observaciones en el
sentido de que estos microorganismos son mas frecuentes en enfermos con gastritis
cronica o Glcera gastrica que en individuos sanos (Tabla 1). Resultados recientes (1), han
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sefialado que los enfermos que padecen ulcera gastrica muestran titulos de anticuerpos
IgG frente a C. pyloridis mas elevados que los individuos sanos. Es de esperar que un
mejor conocimiento de la biologia de los Campylobacter aislados de biopsias gastricas
contribuira a dilucidar el papel de estos microorganismos en la patogénesis de las
enfermedades gastricas.
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