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Potassium ion accumulation in cells of
different halobacteria

Miguel Pérez-Fillol and Francisco Rodriguez-Valera*

Departamento de Microbiclogia, Facultad de Medicing, Universidad de Alicante. Alicante, Spain.

Summary

Halobacteria live in extremely hypersaline environments accumulating K~ as com-
patible solute. We have studied the accumulation of intracellular potassium in recently
isolated halobacteria with relatively moderate salt response, and compared it with the
classical halobacteria with very extreme salt response. Significant differences have been
found, the more moderate group having lower intracellular K* concentrations. Some ex-
periments have been carried out concerning the enrgy dependence of this K* accumula-
tion, which indicate that the moderate group seems to be less dependent on metabolic
energy. The results are consistent with existence of different degress of halophilism
among halobacteria, probably corresponding to adaptation to different habitats,

Key words: Halobacteria, compatible solute, halophilic bacteria, potassium intra-

cellular concentration.

Resumen

Las halobacterias viven en ambientes extremadamente hipersalinos acumulando po-
tasio intracelularmente como soluto compatible. Hemos estudiado la acumulacion de po-
tasio intracelular en halobacterias aisladas recientemente con una respuesta a la sal rela-
tivamente moderada, y las hemos comparado con aquellas cepas clasicas de halobac-
terias que poseen una respuesta  la sal muy extrema. Se han encontrado diferencias sig-
nificativas, asi, el grupo mas moderado contiene concentraciones de potasio mas bajas.
Se han realizade algunos experimentos relativos a la dependencia energética de esta acu-
mulacion de potasio, estos experimentos indican que el grupo moderado parece ser me-
nos dependiente de la energia metabolica. Los resultados corroboran la existencia de di-
ferentes grados de halofilismo entre halobacterias, probablemente debido a la adaptacion
a habitats diferentes.

* Corresponding author.



74

Introduction

The members of the Halobacteriaceae are extremely halophilic archaebacteria
which can grow in nearly saturated NaCl solutions. To compensate for the extremely
high extracellular solute concentration these organisms accumulate K* intraceliularly,
concentrating this ion to hundreds of times the external level, whilst keeping Na* and CI~
at lower concentrations than outside. The intraceilular concentration of K* varies accor-
ding to the extracellular NaCl concentration, K* is thus acting as a compatible solu-
te (4).

Halobacteria have been considered for many years as a rather homogeneous group
containing very few species of rather similar organisms (2). However, recently, this has
been shown to be a mistake resulting from the use of a single type of enrichment culture
and similar type of samples, and many different types of halobacteria have been descri-
bed. In particular, some new species present a more moderate response to salt concentra-
tions, requering much less requirements to grow and survive (7, 9, 10). However, all
work done on intracellular concentrations of ions had been done only with species of the
more extremely halophilic type, where an intracellular concentration of potassium
around 3M (1, 3) or 3.7M (3} was found in media containing 25 % NaCl. We decided to
investigate the accumulation of potassium in the new types including the ones with lower
salt requirements. In fact, there appear to be two groups of halobacteria with distinct in-
tracellular levels of K*, one corresponding to the species with more extreme salt respon-
se and the other to the more moderate ones.

Materials and methods

Strains and culture conditions

The foliowing collection strains were used: Halobacrerium halobivm CCM 3090,
H. mediterranei ATCC 33500, H. trapanicum ATCC 33960, H. saccharovorum
ATCC 29252, H. volcanii NCMB 2012 and H. gibbonssii ATCC 33959, The media
used contained a mixture of salts corresponding in proportions to those found in sea wa-
ter, which will be referred to as SW, at the fina! total concentrations (W/V} indicated:
17, 25 or 30 %. Media were supplemented with yeast extract (Difco} 0.5 % (W/V). The
cells were grown in 100 ml batches in 500 ml Ertenmeyer flasks incubated at 37° C in an
orbital shaker.

Determination of the intracelfular K* concentrations.

One hundred ml of late logarithmic cultures of the strains with OD at 520 nm ¢ 1.0
were harvested by centrifugation and resuspended in 10 ml of culture media that were
then incubated in 250 ml Erlenmeyer flasks at 37° C and with intense orbital shaking for
| hour. Then 1 ml of this thick cell suspension was deposited into each of four Eppendorf
1.5 ml microfuge tubes. 50 u! ,,C-Dextran Carboxi! 0.5 mCi/g (New England Nuclear)
or 3 ut ‘*H-water 4.5 mCi/mol (New England Nuclear) was added to two of the tubes.
The tubes were shaken for 10 minutes and then centrifuged at 3500xg in a TDX microfu-.
ge for 5 minutes. From the tubes containing radioactive compounds 100 ul of the super-
natants were transferred to scintillation vials, the rest was withdrawn and the walls of the



75

tubes carefully dried with filter paper to leave the pelled as dry as possible. Then the pe-
llets were resuspended in 200 pl of 25 % sterile salt solution and 100 w1 were transferred
to scintillation vials. After adding scintillation liquid (HP Beckman) the vials were coun-
ted in a Beckman-2800 scintillation counter. Cell volume in the pellet was found after
subtracting from the total water space the extracellular space accessible to Dextran (12).
The pellets of the remaining two tubes were used to determine the K * content and the to-
tal protein. For the potassium determination, the pellet was resuspended in 1 ml 10 9% TCA,
ceatrifuged again and then the K* concentration in the supernatant was measured by fla-
me emission spectrophotometry in a Perkin-Elmer atomic absortion spectrophotometer.
The last pellet was washed twice with 15 % salts solution and then the protein determi-
ned by the Lowry method (6).

K+ /Protein ratio determinations.

A variable amount of cell suspension was filtered through 45 mm diameter 0,45 pum
pore size HA Millipore filters until clogging of the filter made the filtration slow. The
amount was very variable depending on the density of the cell suspension. The filter was
then washed three times with 5 ml of a solution of NaCl analytical grade {Merck) of the
same concentration {% W/V) as the total salts in the cell suspension. The filters were
then transferred to tubes with 5 ml of deionized water and sonicated for 20 minutes in an
ultrasonic bath of the types used for cleaning glassware, This treatment produced the ly-
sis of most of the cells attached to the filters. After shaking thoroughly, the filters were
withdrawn from the tubes with forceps and then the concentration of K* and protein in
the tubes determined as above.

The Optical Density of the cultures was followed using a Spectronic-20 spectropho-
tometer at a wavelenght of 520 nm.

Results

The intracellular K* concentrations found varied considerably among the different
species studied (Table 1). Two groups were apparent, the strains of H. halobium,
H. saccharovorum and H. trapanicum had high intracellular concentrations reaching
5 M at 15 % SW, as had been described for H. salinarium (1). The second group, com-
prising the strains H. mediterranei, H. volcanii and H. gibbonsii, had much lower values
at this concentration. The first group maintained higher concentrations than would co-
rrespond to a linear variation according to the extracellular concentration, whilst in the
second group the concentrations decreased accordingly.

Considering that these differences could reflect a different physiological response to
the environmental salt concentration we have studied some aspects of the salt response in
representatives of each group. The potassium cell content was estimated by the
K*/protein ratio in order to simplify the experimental procedure. In general a good corre-
lation was found between this ratio and the intracellular concentration. A marked effect
of the phase of growth on the K~ cell content has been described (4, 1). Therefore, we
studied the values of the K */protein ratio along the growth curve of the strains shown in
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TABLE !

INTRACELLULAR CONCENTRATIONS (MOLARITY)* AND K*/PROTEIN? RATIO
OF DIFFERENT HALOBACTERIA

Total salts in the medium (Na* - M)

Organism Type of range 179% (2.3} 25% (3.3) I0% {4

M K*/Prot. M K*/Prot. M K+/Prot.

H. halobium Extreme 30 15 43 2.1 56 33
H. saccharovorian Extreme 34 1.3 4.8 2.2 52 30
H. trapanicum Extreme 32 1.7 49 2.5 5.5 35
H. volcanii Moderate 21 09 34 1.5 40 2.2
H. mediterranei Moderate 1.9 0.7 2.3 1.1 3.2 1.8
H. pibbonsii Moderate 23 1.0 30 1.3 4.0 21

a4 All the values are, at least, the mean of three determinations.
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Fig. 1. Growth curves and K YProtein ratio of H. mediterranei and H. halobium at different salt concentrations:
a) 01, ODsz0 H. halobium at 30 % SW; M, K YProtein ratio of H, halobitum at 30 % SW. b} O ODsx H. halo-
bium at 17 % SW: @, K ¥YProtein ratio of H. halobium at I7 % SW. ¢} £ ODvsa0 H. mediterranei at 30 % SW,;
&K ¥Protein ratio of H. mediterranei at 30 % SW. d) 0 ODsap H. mediterranel 2t 17 % SW; 0,K7Pr0tem
ratic of H. mediterranei at 17 % SW.,
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Fig. 1. As has been described, all the organisms showed an increase of cellular K* during
the logarithmic phase. However, this increase was much sharper for the strains with hig-
her concentrations (Fig. 1). This behaviour during the logarithmic phase is generally as-
sumed to be due to the higher energy availability that is characteristic of this period. The-
refore, the differences between the two groups could be due to a higher energy-dependent
ion exchange in the group with higher concentrations. To check this point we studied the
K */protein ratio of populations subjected to three levels of energy availability, firstly a
medium supplied with a metabolizable substrate and oxygen, secondly without substra-
te but aereated, so that internal reserves could be utilized, and thirdly without substrate
or oxygen so that very little metabolic energy could be generated (only the fermentation
of some endogenous substrates which would be rapidly depleted) (5). Energy starvation
produced in all groups a drop in the K*/protein values which continued to decrease du-
ring all the period studied. Nevertheless, even after 69 hours of incubation in these condi-
tions (Table 2) the group with higher concentrations had higher values than the others,
although the differences appeared to be reduced. When the cells were preincubated anae-
robically with light to induce purple membrane formation (8), H. Aalobium maintained
higher levels of intracellular potassium (Fig. 2). _

The effect of extracellular potassium on the K*/protein ratio of H. halebium and
H. mediterranei is shown in Table 3. The K* cell content seems independent of the ex-
traceltular K* concentration in both strains, although a slight but consistent difference
appeared in H. halobium with 2 % exiraceilular K* that had somewhat higher values.

TABLE 2

EFFECT OF DIFFERENT INCUBATION CONDITIONS ON K+/PROTEIN RATIO*

Growth condition

Time Acrobically Anaerobically®
[bours}
Glutamic acid Mireral salts Mineral salts
Mineral salts Dark
H. halobium
21 1.9 1o a8
45 1.7 1.0 0.8
69 to 0.7 0.5
92 0.8 0.6 05

H. mediterranel

21 1.3 1.0 0.8
45 13 0.8 0.3
69 i.3 0.5 0.3
92 0.8 0.5 0.3

* All the experiments were done at 25 % final salt concentrations.
P Anaerobic conditions were obtained bubbling nitrogen through the medium.
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20 4D 60
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Fig. 2. Effect of purple membrane induction on K ¥Protein ratio; ©, H. halobium after preincubation anaerobi-
cally with tight; O, H. halobium afier preincubation aerobically.

TABLE 3

EFFECT OF EXTRACELLULAR POTASSIUM ON THE K*/PROTEIN RATIO

Time (hours) 25 % SW without K+ 25 % SW 259% SW + 2% K*
H. halobium
29 1.9 I8 1.8
46 1.8 1.8 1.9
76 20 1.9 2.1

H. mediterranei

29 038 0.7 06
46 0.9 03 : 0.7
76 09 0.8 0.7
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Discussion

There appear to be two groups within the halobacteria regarding the intracellular
concentration of their compatible sotute K*. The group with lower concentrations also
corresponds to organisms with more moderate salt range for growth and survival (7, 10).
In both groups K* intracellular concentrations vary according to the extracellular NaCl
concentration. In fact, the more moderate group kept the K+ concentrations proporcional
to the extracellular ones, even at the lowest concentration used in the medium, whilst the
more extreme, in contrast, maintained a higher value in this medium. The question that
arises is whether the moderate halobacteria have an additional compatible solute of if
the extreme group have higher concentrations of K* than those merely required to com-
pensate the extracellular solutes.

Although the evidence in this respect is not conclusive, it has been generally assumed
that K* is accumulated intracellularly by means of an H* dependent uniport. However,
K* is also maintained at much higher intraceliular concentration, when no energy is avai-
lable, due to a selective permeability of the membrane, which is 20 times more permea-
ble to K* than Na* whilst the exit of potassium from the cell is strongly impeded (14). In
both groups the accumulation of potassium seemed virtually independt of the extracellu-
lar concentrations of this ion, which shows that in both groups the K* accumulation me-
chanisms are extremely efficient. However, it seems as though the moderate group had a
‘lower activity of the energy-dependent mechanisms although the passive ones were simi-
larly efficient in both groups, which would explain the lower relative decrease experi-
mented for them under energy-starvation conditions,

One indirect piece of evidence of the lower K* content of the moderate group is that
protein synthesis in vitro requires very little or no potassium in H. mediterranei
(R. Amils, personal communication).

The results presented here are consistent with ecological and taxonomical data obtai-
ned earlier that point towards the existence among halobacteria of two groups adapted to
different conditions and with profound differences at several levels (14, 13). The group
of H. halobium, H. trapanicum and H. saccharevorum, organisms with lower growth
rates and complex nutrient requirements, live in thie more concentrated hypersaline envi-
ronments and maintain very high levels of intracellular potassium, spending probably
considerable amounts of energy. The group of H. mediterranei and others with low intra-
cellular content, have high growth rates, simple nutrient requirements and high nutritio-
nal versatility (10). They live in hypersaline media of intermediate salt concentrations,
where they have to compete with halophilic eubacteria (11). If their intracellular K*
could be maintained at a higher level by passive mechanisms it would mean saving im-
portant amounts of metabolic energy.
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Plasmid profile analysis as a tool for characterization
of epidemic Shigella sonnei strains

M. C. Mendoza'*, F, J. Méndez?, I. Llaneza', A. J. Gonzilez! and C. Hardisson'

! Departamento [nirafacultativo de Microbiologin. Universidad de Oviedo
2 Servicio de Microbiologia. Hospital Nuestra Sefiora de Covadonga. Oviedo, Spain.

Summary

The usefulness of plasmid profile analysis as a marker to determine the strain num-
ber of Shigella sonnei implicated in an epidemic outbreak and its prevalency in our com-
munity was studied. We could define two multirresistant strains and determine that the
drug resistance was plasmid mediated in both. One strain carried a tra~ plasmid which
encoded (Sm, Sd), the other one carried two tra* plasmids which encoded (Ap-Cb, Sm,
S8d)" and (Sm, Km-Nm, Sd, Tp) respectively. These strains and some coisolates collec-
ted during the later phase of the outbreak carried cryptic plasmids which showed similar
-electrophoretic mobilities.

Key words: Shigella sonnei, plasmid, epidemic outbreak, epidemiological marker.

Resumen

Se ha analizado la utilidad del perfil de pldsmidos como marcador para determinar
las cepas de Shigella sonnei implicadas en un brote epidémico, asi como su mantenimiento
en la poblacion a lo largo de los diez meses siguientes al brote. Se ha establecido la pre-
sencia de dos cepas multirresistentes determinandose que las resistencias son codifica-
das por plasmidos. Una de las cepas porta un plasmido fra~ que codifica para (Sm, Sdy
y la ofra dos plasmidos tra™ que codifican {(Ap-Cb, Sm, SdY y (Sm, Km-Nm, Tpy,
respectivamente. Ambas cepas, asi como algunos de los coaislamientos recogidos duran-
te 1a cola prosodémica del brote portan plasmidos cripticos de similar movilidad electro-
forética. ‘

Introduction
In Asturias, the shigellosis is a sporadically diagnosed illness which mainly affects

children from areas with inadequate sanitation. It is usually transmited from person to
person or from contaminated water.

* Corresponding author,
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During the first weeks of February, 1982, an unusual outbreak of dysentery took pla-
ce in Oviedo, affecting over 1000 persons, mainly children. The outbreak was due to a
temporary fail in the chlorination of one of the water supply deposits of the city. The res-
ponsible bacterium was isolated from feces of the hospitalized patients and outpatients in
several laboratories and it was biochemically and serologically identified as Shigella
sonnei, All the primoisolates under study showed resistance to streptomycin and sulfa-
diazine, and some of them to other antibiotics as well.

This werk was enterprised with the following aims: i} to use the plasmid prolife
analysis as a tool to verify if there were one or more varieties of S, sonnei invoived in the out-
Break; ii} the epidemiological pursuit of the strains responsible for the outbreak; iti} the
study of the pattern of resistance and the genetic nature of the multiple antibiotic resis-
tance.

A preliminary study of this outbreak has been presented previously (Mendoza, M.
C., Llaneza, ]., Méndez, F. J., Mayo, B. and Hardisson, C., 1983, Proceeding III Medite-
rranean Congr. of Chemother, Dubrovnik, 1982, pp. 102-103).

Materials and methods
Bacterial strains and plasmids

A total of 44 isolates of S. sonnei from 45 different patients with diarrheal illness we-
re studied. Of these, 21 were obtained during the first days of the epidemic outbreak, 14
of them in the «Hospital Nuestra Sehora de Covadonga» Laboratory and 7 in other non
hospital laboratories. The rest were obtained during the 10 months after the outbreak,
from patients with diarrheal illness in the Hospital Laboratory. Strains of Escherichin
colf K12 (W3110 Rif and 185 Nal'} were used as recipients in mating experiments and
the strain 803 recA in genetic transformation experiments.

The plasmids R40a (96 MDa);, R65 (62 MDa); RP4 (34 MDa), pBR322 (2.7
MDa) and pVAS17 A-H (35.8: 4.8; 3.7; 3.4; 2.6; 2.0; 1.8 and 1.4 MDa) carried by
E. coli, were used as molecular size standards. They were kindly supplied by Esther M,
Lederberg, Plasmid Reference Center, California, USA.

Antibiotic susceptibility
Antibiotic resistance was studied by paper disk diffusion and agar dilution standard
methods, on Mueller Hinton agar (Difco Lab.).

Genetic plasmid transfer

Matings were performed in liquid medium as previously described (8) and transfor-
mations were carried out by the method of Mandel and Higa (6).
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Plasmid analysis

Plasmid DNA was isolated by the cleared lysate method of Clewell and He-
linsky (2}, followed by CsCl-ethidium bromide centrifugation. For small scale prepara-
tion, a rapid variant of the single colony minicleared lysate (1) was used. The restriction
endonuclease digestions, using enzymes supplied by Boehringer Mannheim, were carried
out according to the manufacturer’s suggestions. Analysis of plasmids and plasmid
DNA restriction fragments were performed by electrophoresis in 90 mM Tris borate-
2 mM EDTA (pH 8) horizontal stab gels of 0.7 % agarose. Gels were run at 50-100 V
for several hours and stained with 0.2 pg/ml ethidium bromide. Plasmid size was esti-
mated by including molecular weight standard plasmids in the gels, and restriction frag-
ment sizes by relation to HindIII-digested A DNA (7).

Resulis

The susceptibility of the 44 primoisolates was assayed with 20 antimicrobial drugs
which are commonly used either alone or combined in our community to control gram-
negative infections, including those recommended for gastroenteric infections. All the 21
primoisolates collected during the former phase of the outbreak were susceptible to
cephalothin, cefoxitin, gentamicin, tobramycin, amikacin, spectinomycin, tetracycline,
chloramphenicol, fosfomyein, nalidixic acid, norfloxacin, rifampicin and eritromycin
and resistant to streptomycin (Sm) and sulphadiazine (Su}. In addition, 2 of the isolates
showed resistance to ampicillin (Ap), carbenicillin (Cb}, kanamycin (Km), neomycin

TABLE 1

CHARACTERISTICS OF THE SHIGELLA SONNET EPIDEMIC PRIMOISOLATES
AND OF THEIR R-PLASMIDS

R-plasmids harboured

Number of i
Type isclates R-phenotype Plasmid  Transfer R-phenatype  Size Denomi-
studied {MIC in ug/ml) profile  mechanisms (MDa) nation
12 from former Sm. Su; Fig. 1 Transformation Sm, 8§ 7.1 pUO122
outbreak phase 5256 O 10245 B i1, Su Jop
I
1 . 0122
0 from later Sm.,... Su, 0040 Fig, 2 Transformation Sm, Su 71 pU

outbreak phase

Conjugation ApCh, Sm, Su 60 pUCI20

IT 9 from former  Smx3s6, Sunipags TPoea. . Coenjugation and SM, Km-NM, Tp
Fig. 1 . 53
outbreak phase Transformation

Ap-Chby 304, Km-Nm. 356 Transformation Km-Nm, Tp 53 pUQI121

pUQ121

Sm: streptomycin; Su: sulphadiazine and other sulphonamides; Tp: trimethoprim; Ap: ampicillin; Cb: carbenici-
Niey; Km: kznamycin; Nm: neomycin.
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(Nm) and the combination of trimethoprim (Tp) and sulphamethoxazole. The levels of
resistance (MICs, in pg/ml) are shown in Table 1. Both patterns of resistance were
found in hospitalized and non hospitalized patients. It is worthwhile to underline that iso-
lates of S. sonnei showing both patterns of resistance were found in one hospitalized
child. Plasmid DNA from these 21 primoisolates was analyzed by electrophoresis in
agarose gels. Figure | shows that all the primoisoiates carry several plasmids, and that
some of them have different electrophoretic mobilities, According to the pattern of resis-
tance and the profile of plasmids, these primoisolates were separated into two groups:
Type I, isolates showing Sm and Su resistance, which carried at least four or five small
plasmids with sizes between 1.4 and 10 MDa (Fig. 1) and Type I1, isolates with resis-
tance to Sm, Su, Tp, Ap-Cb and Km-Nm, which carried at least two large plasmids of
about 53 and 60 MDa respectively as well as 4 small plasmids (Fig. 1).

The R-phenotype and the plasmid profile of the 23 isolates obtained from diarrheical
patients who requested hospital care during the following months to the outbreak were al-
so studied. We found that 10 of them showed the same R-phenotype and plasmid profile
as the isolates of Type I and we assumed that they corresponded to cases of secondary
infections; the rest of the isolates showed the same or a different R-phenotype and their
plasmid profiles were different among them and from those of Type I of Type Il isolates,
thus we assumed that they belonged to other strains (Fig. 2).

To verify if the multiple drug resistance was self-transferable, we carried out mating
experiments using S, sonnei primoisolates as donors and £. colf K12 W3110 Riff as a
recipient strain. No transfer of resistance was observed in crosses with primoisolates of
Type 1, butt all the primoisolates of Type II transferred there patterns of resistance with diffe-
rent frequencies. The transconjugat clones with pattern-1 were resistant to Ap-Cb, Sm and
Su; those with pattern-2 were resistant to Sm, Km-Nm and Tp and those with patiern-3
were resistant to all the markers included in patterns 1 and 2. Pattern-3 appeared with

ABL BEFMHN)J)KLIMENDRORS TY

Fig. L. Plasmid profile of 8. sonnvi strains from the former phase of the outbreak. Iscliles shown in wells A, B. C,
D, E, F, H. I, I and L which carry five small plasmids, together with N and O, which carry one plasmid less were
all included in Type I strain. Tsolates shown in wells K, P, Q, R, §, T and U exhibited the same plasmid profile
composed of two large (60 and 53 MDa) and four smaller plasmids, they were included in Type II strain.
M: E. eofi pUASLT (molecular weight standards). Chr, chromosome. The numbers indivate MDa.
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Chf

Fig. 2. Plasmid profile of S. sonne! isolates from the later phase of the outbreak. Agarose gel electrophoresis of 15

isolates collected during the 10 months after the start of the outbreak. Lysates in wells A and B showed the same
plasmid profile than Type I strains. The rest of the isolates showed a different plasmid profile among them and
with respect to Type F and II strains. Chr, chromosome.

the highest frequency and included all the resistances of Type II primoisolates. Different
transconjugant clones resulting from mating different primoisolates were selected and
their plasmid content analyzed. All the clones showing pattern-1 carried a 60 MDa plas-
mid and 2 or 4 small plasmids. The clones showing pattern-2 also carried 2 or 4 small
plasmids in addition to a 53 MDa plasmid; finally, pattern-3 clones carried the
small plasmids along with two large plasmids of 53 and 60 MDa. Plasmid size was esti-
mate estimated by including molecular weight standards in the gels.

New conjugation experiments were carried out to obtain clones harbouring only one
plasmid. Transconjugant clones of W3 110 Rif* were used as donors and 185 Nal' as a re-
cipient. We obtained some clones carrying only the 60 MDa plasmid which showed re-
sistance to Ap-Cb, Sm and Su; and clones carrying only the 53 MDa plasmid with resis-
tance to Sm, Km-Nm and Tp.

Transformation experiments were carried out to verify if some of the smal! plasmids,
present in all the primoisolates carried resistance determinants. These small plasmids
were mobilized by larger self-transferable plasmids in the isolates of Type II. Donor
DNA was obtained from representative primoisolates of each group and E. Colf
803 was used as a recipient. Selection was carried out with those antibiotics to which the
donor DNA codified resistance. With DNA from Type I primoisolates, transformant
cells which showed Sm and 3u resistance and carried a plasmid of about 7.1 MDa were
obtained. With DNA from Type Il primoisolates, transformant clones showing Sm,
Km-Nm, Tp resistance or only Km-Nm, Tp resistance were obtained. Both carried a
plasmid of 53 MDa,
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To establish whether the plasmids from different primoisolates of S. sonnei showing
a similar R-phenotype and molecular size in different, transconjugant or transformant
clones showed the same or a different restriction pattern, DN As purified from different
clones were digested with several restriction enzymes. All the plasmids of 60 MDa
and phenotype (Ap-Cb, Sm, Su) gave 5 fragments when they were treated with HindIII,
8 with Clal and 10 with BamHI IFig, 3a); these plasmids were designated as pUQ120.
The plasmids of 53 MDa and pnenotype (Sm, Km-Nm, Tp)* or (Km-Nm, Tpy gave only
I fragment with EcoRI and BamHI; 2 fragments with Hind1lI and Pst1 and 6 whit Clal
(Fig. 3b); they were designated as pUO121. The plasmids of 7.1 MDa and phenotype
(Sm, Su) pave 2 fragments with BamHI, 4 with EcoRI and 4 with HinDIII (Fig. 3c),
independently that the plasmid came from isolates of the former or Iater phase of the
outbreak. They were designated as pUQ122,

Fip. 3. Agarose gel electrophoresis of the three R-plasmids isolated from S. sonnei epidemic strains. Each well
contains DNA from a different isolate. a) pUQ120 digested with BamHI; b) p0121 digested with ClaT from Sm'
clones (E and F) and from a Sm’® clone (G); ¢) pUQ 122 digested with SindIIL. Wells D, H and M contain DNA
dizested with Hindl11,
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Discussion

Shigella species usually harbour a heterogeneous population of plasmids, some of
them are cryptic, others are responsible for resistance to different antibacterial drugs (4,
9, 12) and others encode certain essential properties for virulence and contribute to
pathogenicity (5, 10, 11).

By using the plasmid profile analysis, we have characterized the types of S. sonnei
strains responsible for the outbreak and we have done their epidemiological survei-
llance during the months following the outbreak. The outbreak could be defined as of a
mixed type. In the former phase was holomiantic, from hydric origin, caused by two va-
rieties of §. sonnei which showed a characteristic and different plasmid prolife and were
defined as two different strains (Type I and II}. In a next phase, it was prosodemic pro-
pagated by infection chain, and from the feces of diarrheical patients who requested hos-
pital care, cells of only one of the 5. sonnei strains (Type I} were isolated. Moreover, the
diversity of plasmid profiles found among the coisolates collected during the 10 months
of surveillance aliowed us to assume that our community is bearing a large number of
different S. sonnei strains.

The genetic nature of the muitipie antibiotic resistance showed by the two S. sonnei
strains which caused the outbreak was established. All the resistance markers analyzed
from the different isolates were plasmid-mediated. Resistance to streptomyein and sul-
phonamides in isolates of Type I was encoded by a non-conjugative small plasmid, na-
med pUQO122. Streptomycin resistance linked with resistance to sulphonamides repre-
sent a common group of plasmid-borne durg resistance pattern. It has been described in
species of Shigella as well as in other enteric bacteria isolated in different geographic
areas (3, 9). In the isolates of Type II, multiple drug resistance was due to the joint ex-
pression of determinants located in two different replicons. The first one (pUO121), of
53 MDa, encoded resistance to streptomycin, kanamycin-neomycin and trimethoprim;
streptomycin resistance was not expressed in many transformant clones, but molecular
weight and restriction patterns were similar both in Sm sensitive and resistant clones.
The second plasmid (pUO120) of 60 MDa, encoded resistance to semisynthetic penici-
liins (Ap, Cb), streptomycin and sulphonamides. We must underline that, in our commu-
nity, trimethoprim is used combined with sulphamethoxazol, but, in spite of it, the resis-
tance determinaants for each of these drugs were carried in different plasmids. The plasmids
pUOI120 and pUD121 are conjugative and capable of mobilizing small cryptic plasmids
which coexist in S. sonnel strains.

Both S. sonnei epidemic strains carried several small cryptic plasmids, three of them
of similar electrophoretic mobility. Cryptic plasmids with similar size were also detected
among non epidemic strains. We conclude that, in our study, the plasmid profile was a
useful tool to define the epidemic strains and their circulation and maintenance in the
communpity.
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Estudio de las actividades nitrogenasa, hidrogenasa
y nitrato reductasa, consumo de oxigeno y contenido
en ATP de los nédulos formados por las razas de
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Summary

The nitrogenase activity, nitrate reductase activity and oxygen uptake as well as the
hydrogen incorporation and ATP content were examined in the root nodules and bacte-
roids, respectively, formed by Rhizobium leguminosarum strains 128C53 (hydrogenase
positive) and 300 (hydrogenase negative) in symbioses with Pisum sativum plants grown
in the presence of 2 mM KNQ;. The strain 128C53 showed the greatest values for all
parameters analyzed, except for the nitrate reductase activity, which was higher for the
strain 300. Similarly, nodule nitrate reductase activity in strain 300 was greater than that
in strain 128C53 when plants grew in the absence of combined nitrogen. In general, the
highest values were obtained when determinations were made after 7 hours of plant illu-
mination. However, the hydrogenase activity of strain 128C53 and the nitrate reductase
activities of both strains increased with the light period, reaching a maximun after
14 hours of illumination. These results suggest that the benefits derived from the superior
symbiotic properties and from the presence of hydrogenase activity in strain 128C53
could be counteracted by the higher rates of the nodule nitrate reductase activity in
strain 300.

Key words: Nitrogenase, hydrogenase, nitrate reductase, Rhizobium-legume

synbiosis.

Resumen
Se han estudiado las actividades nitrogenasa, nitrato reductasa y consumo de oxige-

no asi como la actividad hidrogenasa y el contenido en ATP de los nodulos v bacteroi-
des, respectivamente, formados por las razas de R feguminosarum 128C53 (fenotipo

* A quien se dirigira la correspondencia.
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hidrogenasa positivo) y 300 (fenotipo hidrogenasa negativo) en simbiosis con plantas de
guisante P. sativum crecidas en presencia de 2 mM de NO,K. La raza 128C53 mostro
valores mas elevados en todos los parametros analizados, excepto en la actividad nitrato
reductasa, que fue mayor en la raza 300. Igualmente, la actividad nitrato reductasa de
los nédulos de 1a raza 300 fue superior a los de la raza 128C353 cuando las plantas se cul-
tivaron en ausencia de nitrogeno combinado. En general, los mejores resultados se obta-
vieron cuando las determinaciones se efectuaron después de 7 horas de iluminacion. Sin
embargo, la actividad hidrogenasa de la raza 128(C353 y las actividades nitrato reductasa
de ambas razas aumentaron cesde el comienzo de la fase luminosa, alcanzandose ¢l ma-
ximo de actividad en las medidas realizadas después de 14 horas del inicio del periodo
de iluminacion. Los resultados obtenidos sugieren que el efecto beneficioso sobre el cre-
cimiento de las plantas, que pueden derivarse de las superiores propiedades simbidticas
y de la presencia de actividad hidrogenasa en la raza 128C53, puede quedar contrarres-
tado en la raza 300, por una mayor actividad nitrato reductasa.

Introduceion

La fijacion biologica de nitrogeno es el proceso por el cual el nitrogeno atmosférico
(N;) es reducido a amonio (NH;). Esta reaccién esta catalizada por la enzima denomi-
nada nitrogenasa que acopla la reduccion del N, a la de protones (H*) a hidrogeno (H;) (3).
La produccion de H, por los nédulos de 1as leguminosas representa una pérdida de ener-
ga (ATP) y peder reductor (electrones), que disminuve la eficacia de la fijacion de
N; (21),

Algunas especies de Rhizobium han desarrollado un sistema enzimatico con activi-
dad hidrogenasa (sistema Hup) capaz de oxidar todo o parte del H, producido por la ni-
trogenasa (6), lo que resulta, a su vez, en la recuperacion de electrones que pueden ser
utilizados por la nitrogenasa o destinados a la produccion de ATP (7). Ademas la pre-
sencia de actividad hidrogenasa en Rhizobium puede eliminar el H; liberado por la nitro-
genasa, prevenir la inhibicién de la nitrogenasa por el oxigeno y proporcionar poder re-
ductor a la nitrogenasa (20).

En soja (Glycine max), se ha establecido que la inoculacidn de estas plantas con ra-
zas de R. japonicum que poseen actividad hidrogenasa (fenotipo Hup*} produjo un in-
cremento de la fijacion de N, y, consecuentemente, un aumento del peso seco y conteni-
do en nitrégeno de las plantas en relacion a aquelias que fueron inoculadas con razas que
carecian de actividad hidrogenasa (fenotipo Hup ™} (9). Sin embargo, no se ha podido de-
mostrar que el empleo como inoculantes de razas Hup* y Hup™ de R. leguminosarum
produzcan en guisantes { Pisum sativum) efectos similares a los descritos en soja (4).

Este trabajo se inicio con el objeto de examinar una serie de parametros-actividad ni-
trogenasa, actividad hidrogenasa, actividad nitrato reductasa, consuma de oxigeno y pro-
duccion de ATP- de los nodulos y bacteroides producidos por la raza Hup* y otra Hup~
de R. leguminosarum en simbiosis con P, sativum. La finalidad de estos experimentos
ha sido estudiar las posibles diferencias que pudieran existir entre ambos tipos de razas y
que pudieran explicar la ausencia de los efectos beneficiosos atribuidos a la expresion de
los genes hup y demostrados en otras asociaciones RhAizobium-leguminosa.
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Materiales y métodos
Plantas y microorganismos

Se ha utilizado guisante (Pisum sativum L.), var. Alaska. Las semillas se esterilizaron
con alcohol durante 3 minutos, se lavaron abundantemente con agua estéril y se germi-
naron en placas Petri que contenian papel de filtro humedo. Las plantulas se colocaron
en jarras Leonard provistas de la solucion mineral descrita por Rigaud y Puppo (18) adi-
cionadas de 2 mM de NO,K. En ¢l momento de la siembra, cada plantula se inoculé,
aisladamente con 1 ml de una suspension bacteriana (10° cels/ml) de R. leguminosarum
razas 128C53 (Hup*) (19} y 300 (Hup~) (2). Las plantas se cultivaron en camaras de
crecimiento bajo las siguientes condiciones: ciclo dia/noche de 16/8 horas, 21/15° C,
50 % humedad relativa y una intensidad luminosa {400-700 nm) de 500 nmol m= s™.

Estudios fisiologicos

La actividad nitrogenasa se ensayo mediante la técnica de la reduccién del acetileno
a etileno. Las plantas se decapitaron a la altura de los cotiledones y las raices noduladas
se colocaron en tubos provistos de tapén de rosca perforable, sustituyéndose el 10 % del
volumen interior del tubo por acetileno, El etileno producido se determind por cromato-
grafia gaseosa a los 5 ¥ 10 minutos, en las condiciones previamente descritas (1).

La actividad nitrato reductasa de los nédulos se estudio mediante ensayos in vivo si-
guiendo la técnica de infiltracién al vacio (11). Para ello, los nodulos (0,20 g) se sumer-
gieron en 2,5ml de tampdn fosfato potasico (pH 7,5) adicionado de EDTA
1 mM y NO,K 50 mM. Los nodulos se cosecharon de plantas crecidas en presencia de
la solucion mineral descrita previamente que contenia o0 no 2 mM de NO;K. La infiltra-
cion del tejido nodular se efectud realizando un vacio de 40 ¢m de Hg durante [0 minu-
tos, y posterior descompresion, Los nodulos se incubaron en oscuridad, sin agitacion, a
30° C durante tres horas. La produccion de nitrito (NO3) se determiné en alicuotas de
1 m] mediante la reaccion de diazotacion descrita por Hageman v Hucklesby (10), mi-
diéndose la absorbancia a 540 nm después de 20 min. de la adicidon de los reactivos,

El consumo de oxigeno por nodulos se determind mediante las técnicas amperomé-
tricas (5), utilizando 0,20 g de nddulos en 2 ml de tampon HEPES (Sigma) 100 mM
{(pH 7,5).

El contenido de ATP de los bacteroides se midié previo aislamiento de los mismos
segln la metodologia descrita por Emerich ef al. (8), aunque en condiciones de aerobio-
sis. Los bacteroides se incubaron, en presencia y ausencia de 0,02 atm. de H; en la fase
gaseosa, a 30° C durante 5 min. E1 ATP fue extraido mediante la adicion de 0,5 ml de
las diferentes suspensiones de bacteroides a 4,5 ml de tampon HEPES 100 mM
(pH 7.5) vy calentando la mezcla durante 90 s a 100° C(16). El contenido en ATP del
extracto obtenido después de la centrifugacion a 20.000 1 Xg 10 min se determino por el
método de la luciferin-luciferasa {15), midiéndose la emision de luminiscencia en un
contador de centelleo (Packard, TriCarb).

La actividad hidrogenasa de los bacteroides se determino registrandose amperomé-
tricamente ¢l consumo de H, cuando a la suspension de bacteroides se les suministro H,
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y un aceptor final de electrones de acuerdo con la técnica descrita por Lopez et al. (13).
El contenido en proteinas se determind mediante el procedimiento de Lowry ef al. (14) utili-
zando albumina como estandar.

En todos los casos, los parametros antes mencionados se ensayaron a las 0,0, 0,7 y
14,0 horas del intervalo luminoso del fotoperiodo. El peso seco de los bacteroides se cal-
culé después de filtrar las muestras a través de la membrana Millipore de 0,25 pm de ta-
mafo de poro y secandolos a 70° C durante 48 horas. El conienido en nitrdégeno se anali-
zd por el método Kieldhal,

Resultados

EnlaTabla | se presentan los resultados correspondientes a la actividad nitrogenasa
de las razas 128C53 y 300 de R. leguminosarum. En ambos casos, el maximo de activi-
dad se obtuvo a las 7 horas de iluminacion. Aunque no se observaron diferencias al ini-
cio de la fase luminosa {(tiempo 0), la actividad nitrogenasa de la raza 128C53 fue supe-
rior a la de la raza 300 en las otras dos medidas realizadas (tiempos 7 v 14 horas).

La raza 128C53 también mostrd valores mas elevados de consumo de oxigeno que
la raza 300 en las'tres determinaciones efectuadas, y al igual que la actividad nitrogena-
sa, la respiracion de los nodulos fue mayor cuando este parametro se analizo despues de
7 horas de régimen luminoso (Tabla 2).

TABLA |

ACTIVIDAD NITROGENASA DE LOS NODULOS FORMADOS POR R LEGUMINOSARUM
EN SIMBIQSIS CON P. SATIVUM

Raza de Tiempo de iluminacion (horas)

Rhizobium 0 7 14
300 49+ 04 e x03 6706
128C53 5204 123+03 86+04

Las plantas creciercn en presencia de 2 mM de NO3K.
Los valores de actividad son la media + SE de seis repeticiones y se expresan en umol de C;H./planta‘hora.

TABLA 2

CONSUMO DE OXIGENO DE LOS NODULOS FORMADOS POR R LEGUMINOSARUM
EN SIMBIOSIS CON P. SATIVUM

Raza de Tiempo de iluminacion (horas)

Rhizobium 0 ? 14
300 7207 144x 1,1 1552 1.0
12BC53 128%0.1 185%1,2 16,5+ 1.2

Las plantas crecieron en presencia de 2 mM de NOK.

Los valores de consume de oxigeno son la media = SE de seis repeticiones y se expresan en pmol de /g pest
fresco de nodulos/h,
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El contenido en ATP de los bacteroides fue igualmente superior en laraza 128C53 y
tanto en esta raza como en la 300, los maximos valores de ATP se obtuvieron en las me-
didas que se realizaron hacia la mitad del periode luminoso (Tabla 3), No se encontra-
ron diferencias, respecto al contenido en ATP, cuando los bacteroides se incubaron en
presencia o ausencia de H, (Tabla 3).

TABLA 3

CONTENIDO CON ATP DE LOS BACTEROIDES DE LOS NODULOS FORMADOS POR
R LEGUMINOSARUM EN SIMBIOSIS CON £. SATIVUM.

Raza de Tiempo de iluminacién (horas)

Rhizobium 0 7 14

300 0,67+ 003 0,970,035 0,88 = 0,03
300 + H* 0,65 + 0,02 0,95 + 0,04 0,88 =404
128C53 071+ 0,03 1,i4 £ 0,05 95003
128C53 + Hy* 0,66 = 0,03 102+ 0,05 0961003

Las piantas crecieron en presencia de 2 mM de NO;K.

Los valores de ATP son la media 3SE de seis repeticiones y se expresan en nmol de ATP/mg peso seco de bacte-
roides.

* Las suspensiones de bacteroides se incubaron en ausencia y presencia de 0,02 atm. de H3 en la fase gaseosa.

Por el contrario, la actividad hidrogenasa de la raza 128C33 incremento desde el co-
mienzo de Ia fase de iluminacion, obteniéndose mayores tasas de consumo de H; cuando
esta actividad se determino a las 14 horas del inicio de la etapa luminosa. Los valores de
actividad hidrogenasa correspondientes a los tiempos 0,0, 7,0 vy 14,0 horas son los si-
guientes: 0,3 £ 0,01, 1,14 £ 0,05 y 1,49 £ 0,08 pumoles de H,/mg proteina/hora.

De forma similar a la actividad hidrogenasa, {a actividad nitrato reductasa incremen-
t6 con ¢l tiempo de iluminacién, obteniéndose los valores mas elevados hacia el final de
la parte luminosa del fotoperiodo (tiempo 14 horas} (Fig. 1). Aunque los nodulos forma-
dos por las razas 128C53 y 300 presentaron niveles muy similares de actividad nitrato
reductasa al comienzo del periodo de iluminacion (tiempo Q), los de 1a raza 300 exhibie-
ron mayor actividad para reducir nitrato, a io largo del tiempo, que los de la raza
128C53. Este hecho ocurrio tanto en los ensayos realizados con nodulos procedentes de
plantas que habian crecido en presencia como en ausencia de nitrégeno combina-
do (Fig. 1).

Los datos de peso seco y contenido en nitrogeno correspondientes a las plantas ino-
culadas con cada una de las razas en estudio se presentan en la Tabla 4, donde pueden
observarse que no existen diferencias entre tales pardmetros fisiologicos, tanto en plan-
tas crecidas en presencia como en ausencia de nitrato.

Discusion

La presencia de actividad hidrogenasa en los nodulos de las raices de las legumino-
sas representa una serie de ventajas que pueden traducirse en una mayor capacidad de fi-
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TABLA 4

PESO SECO Y CONTENIDO EN NITROGENC DE PLANTAS DE
P SATIVUM EN SIMBIOSIS CON R LEGUMINOSARUM

Raza de Plantas + NO3K Plantas — NO;K
Rhizobium

Peso seco Centenido en N Peso seco Contenido en N
300 0,52 £ 0,07 26,0+ 0,32 0,37+ 0,05 17,0+0.21
12BC53 0,53 £ 0,07 2571031 0,37+005 16,8 + 0,20

Los valores de peso seco y contenido en nitrogeno son la media £ SE de seis repeticiones y se expresan en g/
planta ¥ mg/planta, respectivamente.

jar N, (7). Evans et a/. (9) han demostrado en la simbiosis R. japonicum-G. max que las
razas Hup* empleadas como inoculantes incrementan el peso seco y el contenido de ni-
trogeno de las plantas respecto a las inoculadas con razas Hup~.

De los resultados obtenidos en este estudic, puede concluirse que una raza de R, fe-
guminosarum que posee actividad hidrogenasa (128C53), presenté valores mas eleva-
dos de reduccion de acetileno que otra que no posee tal actividadd (300) cuando las plan-
tas estaban cultivadas en un medio que contenia 2 mM de nitrato (Tabla 1). Este hecho,
sin embargo, no estuvo asociado a un incremento en el rendimiento de cosecha (Ta-
bla 4). Resultados similares han sido descritos recientemente (4) utilizando razas isogé-
nicas Hup*™~ de 1a raza 128C53 obtenidas por Kagan y Brewin (12) mediante mutagéne-
sis con el transposén Tna 5.

Las diferencias en actividad hidrogenasa entre las razas 128C33 y 300 podrian deri-
varse de la presencia de actividad hidrogenasa en la raza 128C53. Aunque nuestros re-
sultados indican un mayer consumo de oxigeno (Tabla 2) y contenido en ATP (Tabla 3)
de los nédulos y bacteroides de la raza [28C53, Ruiz-Argiieso ef al. (19) no encontra-
ron relacion entre consumo de oxigeno y reduccion del acetileno en un estudio con 15 ra-
zas Hup* y Hup™ de R. leguminosarum. Ademas, en R. leguminosarum 128C53 1a ac-
tividad hidrogenasa no esta acoplada a la produccion de ATP (16). Por tanto, estos
parametros no pueden considerarse como indice para seleccionar razas de RAizobium
con mejores caracteristicas simbidticas. : _

Nuestros resultados, sin embargo, confirman y extienden a tres determinaciones
efectuadas a distintos tiempos del fotoperiodo los obtenidos por Nelson y Salminen (16),
ya que la presencia de H, en el medio de incubacién de los bacteroides no incremento el
contenido en ATP de los mismos en ninguna de las dos razas empleadas (Tabla 3).

La actividad nitrato reductasa de los nodulos formados por ka raza 300 fue superior a
los de la raza 128C33 cuande los ensayos se realizaron con nodulos aislados de plantas
crecidas en presencia de nitrato (Fig. 1). .a mayor capacidad para reducir nitrato de la
raza Hup fue también evidente cuando los nodulos se aislaron de plantas cultivadas en
ausencia de nitrogeno combinado (Fig. 1). Estos hechos sugieren que la raza 300 puede
asimilar el nitrato de forma ma4s eficiente que la raza 128C53, contribuyendo de esta for-
ma al mejor metabolismo nitrogenado de las plantas hospedadoras. Es posible, por tanto,
que los efectos beneficiosos que sobre el crecimiento y desarrolle de las leguminosas se
atribuyen a la presencia de actividad hidrogenasa en la raza 128C53 puedan quedar en-
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nitrato reductosa presentan la media & SE de seis repeticiones.

mascarados o contrarrestados por ia mayor capacidad para utilizar el nitrato de la ra-
za 300. '

Actividad nitrogenasa y nitrato reductasa no siguieron perfiles similares a lo largo
del tiempo de iluminacion (Tabla 1 y Fig. 1). Ambas actividades compiten por el ATP y
¢l esqueleto carbonado necesarios para la incorporacion del amonio formado en dichos
procesos (17, 12), por lo que, indirectamente, la actividad hidrogenasa podria resultar
afectada. La ausencia de informacién sobre las posibles interrelaciones que, a nivel de
bacteroide, puedan ocurrir entre nitrato reductasa e hidrogenasa, hace dificil establecer
la contribucion relativa de cada una de estas actividades al metabolismo nitrogenado de
las leguminosas. La obtencion de razas de R. leguminosarum que representan un fenoti-
po Hup 7/NR poedria ayudar a resolver estos problemas.
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Summary

The autolysis and production of some extracellular enzymes by Coriofus versicolor
was studied in submerged cultures. After 48 days of incubation the fungus lost 31 % of
its maximum dry weight. 1.3-f-glucanase was excreted at the begining of autolysis and
proteases were present during the course of the experiment, On the other band, laccase
was produced in very small amount in the first days of incubation, reaching the maximum
activity at the 8th-day of autolysis.

Key words: Extracellular enzymes, autolysis, Coriolus versicolor.

Resumen

Se ha estudiado la autélisis y produccion de enzimas extracelulares en cultivo sumer-
gido de Coriolus versicolor. Después de 48 dias de incubacion el hongo pierde un 31 %
de su peso maximo. Al comienzo de la fase autolitica excreta 1,3-8-glucanasa, mientras
que las proteasas estan presentes durante todo el periodo de incubacién vy la lacasa, de-
tectada en pequena cantidad durante los primeros dias alcanza su maxima actividad a los
ocho dias de autdlisis. ’

Introduction

The wood-degrading ability of white-rot fungi has been associated with the produc-
tion of extracellular enzymes. A wide range of enzymes have been demonstrate to take
part in such processes, including celtulases, glucanases, phenol oxidases, lignina-
ses, etc. (1, 2, 5, 121)

Although considerable attention has been given to the autolytic phase of growth in
Ascomycetes and Imperfecti Fungi (24) little is known about the autolysis of Basidiomy-
cetes. White-rot fungi are often used to examine lignin biodegradation. It has been found

* Corresponding auther.
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that in shaken cultures lignin degradation does not occur (%), and specially when pellets
are formed, since the hyphal surface in contact with O, and with lignin is very small (27).
Other authors (22) have found that Phanerochaete chrysosporium is capable os degra-
ding lignins in shaken as well as in stationary cultures.

The production of extraceliular laccase is common in white-rot fungi (2). This occurs
when the funpgus grows either in the presence of lignin or when this polymer is absent. Ot-
her enzymes, such as proteases and 1,3-S-glucanase are often produced by fungi as
well (5, Gomez-Alarcon, G., Saiz, C., Lahoz, R. and O’Connor, A. 1985, Abs. Int.
Symp. Plant. Prod. and the new Technol. p. 17).

The aim of this work was to study the changes in cultural parameters and enzymes
produced by a sirain of the white-rot fungus Corielus versicolor in fermenter over exten-
ded period of time.

Materials and methods

Organism

C. versicolor (L ex Fr.) Quel. Mad-697-R was obtained from Dr. T. K. Kirk, Forest
Products Laboratory, Madison, WL

Preparation of inocufum

Cultures of C. versicolor were grown at 25° C for 10 days on agar-malt slants. Two
100 m] conical flasks containing 20 mi of culture medium were inoculated with 10 mm
diameter plugs of C. versicolor and incubated for 5 days in a stationary culture and then
transferred to the fermenier.

Medium

The fungus was grown in Reyes and Byrde’s (23) medium, using glucose and ammo-
nium tartrate as C and N sources, respectively. Two and half litres of this medium were
prepared and poured into a 3 | capacity Pyrex glass cylindrical wessel. The lid of the
vessel had screw-thread adapters and connectors for adition of water, inoculation port
and sampling. The fermenter was maintained at 25° C and stirred at 120 rpm.

Sampling

Two samples (50 ml} of culture were taken at convenient intervals and the mycelium
was separated by filtration through Whatman no. 1 filter paper on a Buchner funnel, was-
hed with cold distilled water and dried at 70° C to constant weight, Fittrates were used
for enzyme and chemical analyses.
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Analytical methods

Total reducing substances were determined according to Somogyi (28) in conjunc-
tion with Nelson’s (20) method. Soluble proteins in the filtrates were estimated by the
Lowry (18) method. Conductivity was measured at 25 #0.1° C using a Philips portable
meter (model PW 9504/00 with a K = 1.46 cell).

Enzyme assays

Laccase (E.C.1.10.3.2) activity in filtrates was determined with 0.1 M guaiacol
{Merck) at 30° C in presence of 0.05 M citrate-phosphate-borate buffer, pH 0.5 by the
Kirk and Kelman’s (14) method. One enzyme unit was defined as the amount that cau-
sed a change in absorbance of 1.0 per min. 1.3-8 -glucanase {exoglucanase)
(E.C.3.2.1.6) determination was assayed as described by Reyes and Byrde (23), using a
. solution of laminarin as substrate. One unit of enzyme was defined as the amount which
releases 1 umol glucose per min/ml. Proteases were determined using 1 mg/mi Azocoll
(Calbiochem) as substrate in 0.05 M sodium acetate buffer, pH 5.0, according to Eriks-
son and Pettersson (5). One unit of protease activity was defined as that amount which
produced a change in absorbance of 1.0 per min. The specific activity for each of the
enzymes studied is equal to the enzyme activity per mg of culture-filirate protein.

TABLE 1

CHANGES IN pH, MYCELIUM DRY WEIGHT, REDUCING SUBSTANCES AND PROTEINS
OF CORIOLUS VERSICOLOR, GROWN AND AUTOLYSED IN SUBMERGED CULTURES

Incubaticn time pH Mycelium dry wt Reducing substances Proteins
(days) (mg/sample®) (pemol/ml) (mg/ml)
0 5.4
5 4.9 26.6 46.8 0.36
8 4.3 56.3 32,7 0.37
12 40 105.4 14.4 0.45
14 4.0 103.8 8.2 Q.51
15 40 1il.3 4.5 0.47
16 4.0 105.9 i.l 0.36
20 4.6 100.5 0.4 0.37
23 19 85.5 0.4 0.36
27 5.3 81.2 0.3 Q.35
30 3.5 80.3 Q.6 0.34
34 57 76.2 0.3 0.34
38 5.7 78.2 0.4 0.34
48 6.0 0.0

* The term «Sample» indicates mg of dry mycelium in 50 mi of culture.
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Results

Under the fermentation conditions used the funpus grew in mycelial form with no pe-
llet formation. This process was repeated three times. In the choosen experiment to be
described here the fungus reached its maximum mycelial dry weight at the 15th-day of
incubation (0 day of auvtclysis). The degree of autolysis (percentage of dry weight myce-
lial loss) amounted to 31 %. Small changes in the pH value were observed, the lower va-
lues coinciding with initiation of the autolytic phase of growth, Reducing substances in
the filtrate attained their minimum values at the begining of autolysis. Litile changes on
the amount of total proteins released into the medium were observed, but a slight rise
took place with increasing mycelial dry weight (Table 1).

Laccase activity (Fig. 1B) was small until the 13th-day of incubation, gradually in-
creasing in porcentage to attain the maximum valuve (743 mU/mg) 22 days after inocula-
tion. The presence of 1,3-8-glucanase (Fig. 1A) was not observed until the initiation of
autolysis, and increased steadily during the course of the experiment (48 days after ino-
culation), Proteases (Fig. 1C) were present throughout the whole period of incubatien,
with a maximun value of 17.8 mU/mg recorded before autolysis.

Electrical conductivity (Fig. 2) decreased during fungal growth reaching a minimun
value upon the initiation of autolysis, increasing thereafter until the 30th-day of inocula-
tion.

Discussion

One of the characteristic features of the autolytic phase of growth in filamentous fun-
gi is the progressive loss of cell content. Nevertheless, this loss will vary according to the
organism and the culture conditions. For Aspergilius flavus, grown and autolysed in a
fermenter, Lahoz and Ibeas (17) found autolysis levels of 85 %, while for Aspergillus ni-
ger 67 % was reporter (16). The relatively low value of autolysis found for C. versicolor
would indicate that the degradation of cytoplasmic material and specifically the cell wall
degradation progressed slower.

Work on autoiytic and phenol oxidase enzymes from Basidiomycetes in submerged
cultures is scarce. In stationary cultures, Fiahraeus (7) only detected laccase in filtrates
of Polyporus versicolor when glucose was consumed. Grabbe et al. (10) showed that gle-
cose depresses laccase synthesis in P. versicolor. These facts concur with our observa-
tions in fermenter, where laccase activity is small in the first days of incubationm when the
amount of clucose in the medium is highest, thereafter when the carben source was con-
sumed (autolysis), the syntesis of laccase reached a maximuam (Fig. 1B).

1,3-B-glucanase is often produced by fungi. The existence of 1,3-§-glucan in the hyp-
hal walls of fungi is well documend (19). The enzyme is present at high leveis in autoly-
sed cultures of many fungi {(21), including wood degrading species (3). Friebe and Holl-
dorf (8} found in an unidentified basidiomycete that initiation of synthesis and excretion
of 1,3-B-pglucanase was triggered when a low concentration of a carbon source is present
in the medium. The possible glucose repression has been siudied in other fungi and
yeasts. So, Santos et al. (26) observed in Penicillium italicum that in the presence of an
excess of glucose the 1,3-8-glucanase system is repressed. Del Rey et al. (4) found a si-
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milar fact in Neurospora crassa, whereas in Trichoderma viride and Sacharomyces cere-
visiae the presence of glucose was accompanied by an increase in the activity of 1,3-8-
glucanase. In this work, we found that C. versicolor synthesized this enzyme when the
concentration of glucose in the medium was reduced to 0.7 umol/ml (17 days incuba-
tion} and autolysis had been initiated. This enables us to conclude that glucose or glucose
metabolite (s} represses the formation of extracellular 1,3-8-glucanase.

The function of proteases in white-rot fungi are still unclear. Eriksson and Petters-
son (5) reported that the endo-1,4-8-glucanase activity of Sporotrichum pulverulentum
is considerably enhanced if culture solutions containing these enzymes are treated with
proteases, and suggested that a possible role of proteases in wood-rotting fungi may be to
release the enzymes while attacking wood polymers from plant cells walls.

During the autolytic phase of growth a liberation of electrolytes from mycelium
seems to take place. This increase in conductivity during autolysis has previously been
observed in Neurospora crassa cultures (15).

Ander and Eriksson (1) and Ishihara (12) reported that laccase plays a mandatory
role in lignin degradation, whereas other authors indicated that laccase exact role is not
clear (6). Laccase is synthesized regardless of the presence of ligning in C. versicolor
cultures, which indicates that the ligninolytic system may be relatively non specific, as
demonstrated also for Phanerochaete chrysosporium (13). This low specificity is appa-
rent as well when C. versicolor is incubated in the presence of kraft lignin (a heavily mo-
dified industrial lignin), which is substantially biodegraded to an extent comparable with
natural lignins (Gomez-Alarcon, G., Saiz, C., Lahoz, R. and O’Connor, A. 1975. Abst.
Int. Synp. Plant. Prod. and the New Technol. p. 17).
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Summary

Candidg utilis ATCC 60459 contains two intracellular trehalase enzymes clearly
distinguishable by molecular weight, behaviour in ion-exchange chromatography and ki-
netic properties. The high molecular weight trehalase (500 kDDa trehalase) is specifically
inhibited by acetate and accounts for less than 30 % of the total trehalase activity found in
cell extracts. The smaller trehalase (280 kDa trehalase) exists mostly as a cryptic enzy-
me whose activity can be postranslationally activated by cAMP-dependent phosphoryla-
tion. The enzyme activity of the 280 kDa trehalase is strongly inhibited by Zn®* and
markedly enhanced in the presence of Ca?* and Mn?**, The activation by these cations,
contrariwise to that induced by ATP and cAMP, does not imply a covalent modification
of the 280 kDa enzyme. Several parameters have been determined for both enzymes,
The 280 kDa enzyme has the properties shown by the so-called regulatory trehalases
whereas the 500 kDa enzyme presents characteristics of a nonregulatory type of trehalase.

Key words: Trehalases, enzyme activation, Candida utilis.

Resumen

Candida utilis ATCC 60459 contiene dos trehalasas intracelulares que difieren en
peso molecular, comportamiento en cromatografia de intercambio idnico y propiedades
cineticas. La trehalasa de alto peso molecular (500 kDa) se inhibe especificamente en
presencia de acetato y constituye menos del 30 % de la actividad trehalasica total pre-
sente en extractos celulares. La trehalasa de peso molecular menor (280 kDa) existe en
forma criptica y puede ser activada posiraduccionalmente por fosforilacion dependiente
de AMP ciclico. Esta actividad muestra fuerte inhibicién por Zn** y es activada por
Ca?* y Mn?'. A diferencia de la activacion inducida por AMP ciclico y ATP, la provo-
cada por dichos cationes no supone una modificacion covalente de Ia enzima, Se han de-
terminado varios parametros caracteristicos de ambas trehalasas. La enzima 280 kDa
presenta propiedades tipicas de las denominadas trehalasas regulatorias, mientras la en-
zima 500 kDa parece una trehalasa de tipo no regulatorio.

* Corresponding author.
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Introduction

Trehalose is a nonreducing disaccharide which accumulates in yeast cells as a reser-
ve carbohydrate (5). The ways whereby the cells control the intracellular trehalose
breakdown are of interest because of the potential role of this sugar as an energy source
during development. There is a wide evidence for the existence among yeasts of at least
two independent strategies to control the hydrolysis of the stored trehalose. This has
been established in parallel to the demonstrations that, depending on the particular yeast
species analyzed, two types or trehalase enzymes may be found in the cells, regulatory
and nonregulatory trehalases (7, 11). These different types of trehalase enzymes are dis-
tinguishable on the basis of catalytic properties and mechanisms of regulation of the
enzyme activity (12, i3).

Yeasts with the first type of trehalase have a cryptic hydrolase in the cystosol whose activity
increases after cAMP-dependent phosphorylation of the enzyme protein and decreases
by protein dephosphorylation (12). In contrast, changes in the compartmentalization of
enzyme and substrate, rather than enzyme activation and inactivation, appear to regula-
te trehalose mobilization in species containing nonregulatory type of trehalases (12).

The ocurrence of nonregulatory trehalases among yeast cells has been shown in
many genera, including and fission yeast (4, 7), whereas the demonstration of the exis-
tence of regulatory trehalases has apparently been restricted to members of the genus
Saccharomypces (12, 14). However, we have recently described the existence of a regu-
latory trehalase activity in the yeast Candida utilis and presenied evidence to suggest the
copresence in this yeast of both regulatory and nonregulatory trehalase activities inside
the cell (1, 2). To further characterize this system we have comparatively analysed in the
present work the two trahalase activities and report here some prominent, differential
properties of the two enzymes.

Materials and methods
Microorganism and culture conditions

C. utilis ATCC 60459 (formerly strain CECT 1061) was grown at 28° C in liquid
medium containing 2 % glucose and 0.3 % yeast extract. The cells were collected at
early stationary phase, washed and routinely resuspended in 0.1 M Na-phospate buffer
pH 5.6, When appropriate, Na-acetate buffer, Zn+* or EDTA was added to the cell sus-
pension at the concentrations indicated in the particular experiments. The cells were bro-
ken in a MSK Braun homogenizer with coupled cooling and the supernatants of the cell
extracts obtained by centrifugation at 20,000xg for 10 min were used as enzyme source
unless otherwise stated.

Enzyme assays

Total trehalase activity was measured at pH 5.6 in Na-phospate buffer as previously
described {2}. One enzyme unit released one nanomol of glucose per min under the assay
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contidions. Because of the selective inhibition carried out by acetate and Zn** the enzy-
me assays for regulatory trehalase contained 0.1 M acetate buffer pH 5.6 whereas the
assays for nenregulatory trehalase contained 1 mM Zn** in the phosphate buffer. In
enzyme assays containing cations the following salts (Merck) were used: chloride for
Ca**, Mn** and Hg**, sulphate for Mg** and Zn**, and nitrate for Co**.

In vitro trehalase activation was performed as already indicated (2). Briefly, to four
volumes of enzyme solution one volume of activating mixture (AM)} was added contai-
ning 4mM ATP, 9mM mg50,, 50 uM cAMP, 50 mM Na¥F and 5mM teophylline in
50 mM Na-phospate buffer pH 7.0 (P-buffer). Control samples were mock activated by
addition of P-buffer alone. The reaction mixtures were incubated at 30° C for 10 min and
used inmediately thereafier for trehalase activity determination,

Other measurements

Gel filtration and ion-exchange chromatography were performed by following the
manufacturer’s indications (Pharmacia). Fractions of 3.0 ml were collected in a Gilson
Microcol TDC 80 and assayed for enzyme activity and protein absorbance. Proteins for
molecular weight calibration were obtained from Boehringer Mannheim, To determine
specific activities protein measurement was carried out according to Lowry e al. (10)
using bovine serum albumin as standard.

Results
Characterization of two trehalase enzymes

Fig. la shows a typical elution profile of the trehalase activity from cell-free extracts
after gel filtration throughout a column of Sephadex G-200. Two different soluble treha-
lases appear to be present. The first enzyme elutes slighty abead of the marker protein fe-
rritin and shows a motecular weight about 500 kD. The second trehalase enzyme
shows a lower molecular weight, that is close to 280 kD as deduced from the elution
pattern of proteins of known molecular weight (Fig. 1, right). The profile of the enzyme
activity changes substantially when the ¢rude enzyme preparations are preincubated with
activating mixture containing cAMP and ATP before chromatography (Fig. 1b). Under
these conditions, the second peak of trehalase activity results markedly inereased, in compa-
rison to the level of activity obtained from control samples. However, the enzyme activity asso-
ciated to the 500 kDal trehalase remains fairly constant after preincubation with the acti-
vating mixture.

The activation of the 280 kIDa trehalase by cAMP and ATP apparently requires an
additional factor which is present in unfractionated cell extracts and is lost during purifi-
cation, because the trehalase activity of Sephadex G-200-filtered enzyme preparations
does not increase by the sole presence of the components present in the activating mixtu-
re. This result suggests the participation of a cAMP-dependent protein kinase in the ac-
tivation by those effectors. Once activated, the enzyme activation persists after the remo-
val of the cAMP and ATP by gel filtration, indicating a covalent modification of the
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Fig. . Evidence for two trehalase enzymes. Left Panei: a) Elution profile of trehalase activity in a Sephadex
G-200 column (50 >2.0 em); 0.1 M Na-phospHate buffer pH 5.6 was used a3 ehution and assay buffer; b} as in a,
but after preincubation of the unfractionaterd enzyme preparation with activating mixture as indicated in Materials
and methods; ¢} as in a, but enzyme assays performed in phosphate buffer pH 5.6 containing 1 mM Zn* d) as
in a, but enzyme performed in phosphate buffer pH 5.6 ptus 0.1 M Na-acetate buffer pH 5.6. Right panel- Corre-

lation between the molecular weight of standard proteins and the ratio eluticn volume/void volume (Ve:Vo) at
which the marker proteins were recovered.

TABLE

ACTIVATION BY cAMP AND ATP OF TREHALASE ACTIVITIES IN SUPERNATANT
FLUIDS FROM C. UTILIS STATIONARY PHASE CELLS

- Specific activity* Activation factor
MNonregulatory trehalase:
— Control 0.8 10
— Control + AM 0.9 1.1
Regulatory trehalase:
— Control 4.3 1.0
— Control + AM 16.3 38

Stationary pahse cells (OD = 11.0 at 600 nin} were broken in 0.1 M Na-phosphate buffer pH 5.6 without EDTA
and the enzyme preparations preincubated for 10 min at 30° C with P-buifer alone or with P-buffer containing ac-
tivating mixture (AM. see Materials and methods). The enzyme activity was thereafter measured in the presence
of I mM Zp"‘"‘ or 0.1 M Na-acetate buffer pH 5.6 for nonregulatory and regulatory trehalase activities,

* nmoles glucose/min/mg protein.
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Fig. 2. Elution pattern of trehalase activity from a column of DEAE-Sephadex {20 X1 cm). 50 mM Tris-HCI
buffer pH 7.5 was used as the initial elution buffer and a stepwise gradient of NaCl was generated in the same buf:

fer after the firs peak of trehalase activity was obtained. The recovered fractions were analyzed for enzyme activity. ab-
sorbance at 280 nm and conductivity,

enzyme (Fig. 1b}. This is a primary characteristic of the so-called regulatory trehalases
of fungi (12).

On the other hand, the inclusion of 1 mM Zn** (Fig. 1c) or 0.1 M Na-acetate
(Fig. 1d) in the enzyme assays reveals a differential inhibition of the two trehalase enzy-
mes. The activity of the 280 kDa, regulatory trehalase is inhibited by Zn** whereas that
of the 500 kDa, nonregulatory trehalase is selectively inhibited by acetate.

Chromatography of crude enzyme preparations on a column of DEAE Sephadex
A-50 gives further evidence for the coexistence in C. utilis of both regulatory and nonre-
gulatory trehalase activities (Fig. 2). The enzyme activity of the trehalase which is not
retained into the DEAE Sephadex column at pH 7.5 shows properties identical to those
of the enzyme characterized as 500 kDa trehalase by gel filtration. In tumn. the trehalase
activity of the enzyme recovered in the eluate when the salt concentration reaches about
0.3M NaCl corresponds to the activity of the 280 kDa trehalase obtained by gel filtra-
tion since it is unaffected by the presence of 0.1 M Na-acetate, strongly inhibited by
1 mM Zn** and markedly increased when the enzyme samples are preincubated with
activating mixture prior to the chromatographic run.

Properties of the regulatory and nonregulatory trehalases

The existence of two distinct trehalase activities is also evident from the results of
enzyme assays performed with unfractionated enzyme preparations in the presence of
Zn** or acetate (Tabla 1). The acetate-sensitive trehalase activity, which is measurable
in the presence of Zn*", is not enhanced by cAMP and ATP whereas the Zn"*-
sensitive trehalase activity, measured in the presence of acetate, shows about a 4-fold in-
crease when assayed after a 10 min preincubation with activating mixture,

In addition to Zn"* others cations also affected differently the trehalase activities,
Mg, Co™ ", and particularly Ca** and Mn~"* increased the activity of the regulatory tre-
halase in crude enzyme preparations but did not alter that of the nonregulatory enzyme
{Table 2).

Experiments on thermal denaturation showed single exponent decays for both enzy-
me activities and a higher lability for the regulatory trehalase activity than for the nonre-
gulatory type (Fig. 3). Other enzyme parameters such as Km for trehalose, optimun pH,
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TABLE 2

EFFECT OF SEVERAL CATIONS ON THE TREHALASE ACTIVITIES OF C. UTILIS

Enzyme activity {(nmales glugose/min/mg protein)

Total trehalase Nonregulatory Regulatory

trehalase trehalase

Control 2.5 {100} 0.6 (100) 2.0 {1009

Control + dmM Cat* 7.2 (288) 0.6 (100} 6.4 (320)

Control + 4mM Cot™* 4.0 (160) 0.6 (100} 3.3 (165)

Control + 4mM Mgt 4.0 {160) 0.6 (100) 3.3 (165)

Control + 4mM Mn*+ 6.3 (252) 0.6 (L0D) 5.8 (290)
Centrol + 4mM Hgt+ 0.0 (Q) 0.0 {0) 0.0 (0)

Early stationary phase cells (OD =10.0) were broken in 0.1 M Na-phosphate buffer pH 5.6 containing
2 mM EDTA. The enzyme activity was measured in the presence and absence of the cations shown. The assays were
perfermed in the above buffer (total trehalase) and in the same buffer containing 4mM Zn* ¥ {nonregulatory treha-
lase) or added 0.1 M Na-acetate buffer at the same pH (regulatory trehalase). Numbers among brackets refer to
the relative enzyme activity taking the activity in the contrel assays as 100,

s 1 . s . -
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Fig 3. Decay curves lor nonregulatory {a) and regulatory (h) trehalase activities after exposure o different tempe-
raturcs for the times indicated. Symbols: @ 30°C; &, 40°C; B, 50°C; O, 60° C.

optimun temperature for activity et standard conditions and Ki values for Zn** or acetate were
determined for each trehalase enzyme, These and other properties are summarized on
Table 3. The KKm values shown were obtained from regression lines of Lineweaver-Burk
double reciprocal plots. The type of inhibition by Zn** or acetate, and the respective
constants of inhibition, were deduced from Dixon-type representations at various con-
gentrations of substrate and inhibitors at optimum pH for each enzyme activity.

Activation of the regulatory trehalase by caleium
The activating effect of Ca** on the regulatory trehalase was investigated further

(Table 4). Since yeast cells contain a calmodulin-like polypeptide (6) we tested the pos-
sibility that the trehalase activation by Ca** might result from a Ca**-dependent phos-
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TABLE 3

DIFFERENTIAL PROPERTIES OF THE NONREGULATORY AND REGULATORY
TREHALASES FROM €. UTILIS

Nenregulatory Repulatory
trehalase trehalase

Approximate molecular weight 500 kDallon 280 kDalton

by gel filtration
Binding to DEAE-Sephadex at pH 7.5 Not bound Released at 0.3 M Na(l
Optimum pH for activity* 5.0 6.5
Optimum temperature for activity

{30 min assays) 40° C W°C
% inactivation at 50° C for 10 min 15 81
Km for trehalose 26 X 103 M 0.1 X 10 M
Reversible caticn activation Maone Catt, Mn*+, Cot+, Mg+t
Covalent activation by cAMP and ATP No Yes
Glucose-induced in vive activation®* No Yes
Inhibition by Zn™ None Noncompetitive (Ki=0.11 mM)
Inhikition by acetate Nencompetitive None

(Ki =47 mM)

* Citrate-phosphate buffer,

** See reference 2.
phorylation of the enzyme protein as an alternative to the cAMP-dependent pathway of
activation (2).

Experiments A and B on Table 4 demonstrate that the levels of trehalase activity in
cell extracts obtained in the presence of EDTA are comparatively lower than those mea-
sured in enzyme preparations from ceils broken in the absence of EDTA. Such levels are
markedly increased upon addition of Ca*™. These data suggest that endogenous Ca**
released during the rupture of the cells (9) likely activates the regulatory trehalase in enzy- -
me preparations obtained without EDTA in the breaking buffer.

However, when the effect of Ca** was analyzed on the enzyme after gel filtration no
significant activation was detected {experiment C, Table 4). Two interpreiations were
considered to account for this result. The tack of activation by Ca** of partially purified
regulatory trehalase was due either to the invelvement in the activation process of
another compound being lost from the enzyme preparations during the purification proce-
dure or to a loss of affinity of the enzyme toward Ca** during the fractionation,

Experiment I on Table 4 shows that the specific activity of Ca**-preactivates trehala-
se is the same after gel filtration on Sephadex G-200 than that of the nonactivated enzy-
me subjected to gel filtration (experiment C). This result indicates that the preactivated
enzyme looses the activation during the process and, therefore, that the Ca**-induced ac-
tivation is reversible and dependent on the continued presence of the cation. Moreover,
the activity of the preactivated enzyme also decreases when Ca*” is sequestered by
EDTA (experiment E, Table 4). Assays of the type F and G, shown in Table 4, additio-
nally dismissed the participation of a heat-stable, calmodulin-like factor in the activation
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TABLE 4

ACTIVATION OF THE REGULATORY TREHALASE BY Ca*t

Specific activity

Assay Enzyme sample . .
¥ ¥ P {nmoles gluc/min/mg protein)

A Cell extract without EDRTA {Control) 6.0 (100)
Control + 2mM Ca*+ 846 (143
B:  Cell extract in 2mM EDTA (Control) 2.8 {100)
Control + 2mM Ca*+ 9.0 (321)
C:  Cell extract in 2mM EDTA (Contrel) 2.8 {10y
Control after Sephadez G-200 filtration 34,3 (1225)%
Asz above + 2mM Catt 33.1 (1182)
D:  Cell extract in 2mM EDTA (Control) 2.8 (100)
Control + 2mM Ca** + 1 mM PMSF 9.0 (321)
As above after Sephadex G-200 filtration 32.0(1142)
E:  Cell extract in 2mM EDTA (Control) 2.8 (10
Control + 2ZmM Ca** 9.0 (321)
As above HhmM EDTA 2.9 (103
F:  Cell extract in 2mM EDTA {Control) 2.8 (100)
Control + 2mM Cat* 9.0 (321)
Control + 4mM Cat't + beiled extract 8.9 (3_]7)
G:  Cell extract in 2mM EDTA (Control) 2.8 (100)
Control after Sephadex G-200 filtration 3431225
As above + 2mM Ca*t 331 (1182)
As above + 2mM Ca** + boiled extract 34.0(1214)

Early stationary phase cells (OD = 9.0) were used to obtain cell extracts. Enzyme assays were performed in
Q.1 M Na-acetate bulfer pH 5.6, Numbers in brackets refer to retative activity with respect to the particular con-
trols.
* Protein values for specific aclivities were measured in the pooled fractions showing regulatory trehalase acti-
vity,

of the regulatory trehalase enzyme by Ca*™* both in cell extracts and in partially purified
preparations. Also, the inclusion of 20 uM trifluoperazine (Sigma), a drug known to
block Ca**-calmodulin mediated reactions (6, 8), did not block the enhancement of the
enzyme activity in assays of trehalase activation by Ca** similar to the reported in expe-
riment F (resuits not shown). In addition, identical results to those shown in experiment
G were obtained in assays additionally supplemented with 1| mM ATP in order to favour
a potential Ca~*-induced, activating phosphorylation. by eliminating any possible limita-
tion of available ATP.

Discussion

The above results indicate that C. utilis contains two distinct trehalases with diffe-
rent properties, which are summarized in Table 3. One of the enzymes shows an acid pH
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optimum, relative high heat stability and no evidence of activation by cAMP-dependent
protein phosphorylation. These are characteristics that fit well with the properties of the
nonregulatory trehalases previously described in several yeast especies and filamentous
fungi (12). A second trehalase enzyme shows a pH optimun near neutral, lower heat sta-
bility and irn vitro activation in the presence of cAMP and ATP. Such activation also
occurs under in vivo conditions (2). These are primary characteristics of the so-called re-
gulatory trechalases, which up to recently had been foured only in species of zygomycetons
fungi and in baker’s yeast 12, 14). The regulatory enzyme in C. utilis also presents a
higher Km than that of the nonregulatory type, This appears to be a constant feature when the
regulatory trehalases so far described are compared in this respect with nonregulatory
trehalases; the Km values for nonregulatory trehalases fall in the range 0.5-3 mM whe-
reas those reported for regulatory trehalases vary from 4.5 to 55 mM (12).

The activation of the regulatory trehalase by cAMP and ATP (Table 1) is clearly a
covalent modification because we can separate activated enzyme from small molecules
by gel filtration (Fig. 1a, 1b). In parallel studies (3) we have shown that this activation is
accompanied by the phosphorylation of a polypeptide of 70 kDa suggesting that the activa-
tion is caused by a cellular protein kinase present in ¢ell extracts and absent in partially
purified enzyme preparations. Those results also suggested that the regulatory trehalase
presumably is a tetramer compossed of four identical subunits.

The activation of the regulatory trehalase by Ca** does not imply, however, a cova-
lent modification of the enzyme protein but requiéres the maintained presence of the ca-
tion. Notably, the regulatory trehalase of baker’s yeast is also activated by Ca** and
Mn** and the activation dissapears during precipitation by ammonium sulphate (9). Sin-
ce in C. utilis the mechanism of trehalase activation by Cat* appears to be the same than
operating in the activation by Mn™*, Co™ or Mg** (resuits not shown), it seems that the
action of these cations in freshly obtained cell extracts involves their direct, reversible in-
teration with the enzyme protein. Otherwise is should be expected that the trehalase, on-
ce activated, would retain the preinduced activation in the presence of EDTA in excess
and would maintain the activity after gel filtration. The results shown in Table 4 demons-
trate that this is not the case. In particular, we have found no basis to consider that the
activation by Ca** is related to a Ca**-dependent phosphorylation of the trehalase pro-
tein. The failure to increase the activity of partially purified trahalase by Ca** is appa-
rently due to a change in the affinity of the enzyme toward this cation rather than to the
loss of some specific calmodulin-controlled protein kinase,

The possibility that one of the trehalases might be a nonspecific a-glucosidase acting
on trehalose has been ruled out since none of the fractions with treahalase activity obtai-
ned by gel filtration shows activity against p-nitrophenyl-a-glucoside or maltose. In
C. utilis the a-glucosidase activity shows a lower molecular weight than the trehalases
and elutes off at a Ve/Vo ratio of 2,0 in Sephadex G-200 columns (results not shown).
The physiological relationship between the two trehalases reported, if any, is unclear. In
view of the drastic differences in their physical and catalytic properties we think likely
that they are synthesized independently without interconversions of the type precursor-
product. The determination of the specific role and cellular location for each enzyme
deserves further research.
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Summary

The DNA of bacteriophage Cp-1 replicates at optimal conditions when Cp-1-
infected Streptococcus pneumoniae was incubated at 30° C. The in vitro formation of
the initiation complex between the terminai protein and 5°-dAMP was only partially in-
hibited at 37° C whereas an almost complete inhibition of the DNA replication was
found at this temperature iz vivo. Aphidicolin inhibited the multiplication of phage Cp-1
but not that of Dp-4. This drug did not affect the in vitre formation of the initiation com-
plex but seems to affect extensive Cp-1 DNA replication in vive.

Key words: Initiation complex, diplophage, terminal protein,

Resumen

El DNA del bacteriofago Cp-1 se replicé en condiciones 6ptimas cuando las células
de Streptococcus pneumoniae infectadas con dicho fago fueron incubadas a 30°C.
A 37° C, se observo una inhibicion casi completa de Ia replicacion del DNA fagico in vi-
vg mientras que la formacién del complejo de iniciacion in vitro se vio solo parcialmente
afectada. La adicion de afidicolina inhibi¢ la multiplicacion de Cp-1, perono la del bacte-
riofago Dp-4 que infecta al mismo huésped. Nuestros resultados indican que la afidicoli-
na bloquea la replicacion continuada del DNA de Cp-1 sin afectar Ia formacion del com-
plejo de iniciacion.

Introduction

Bacteriophage Cp-1 from Streprococcus pneumeoniae contains a double-stranded -
near DNA of {8 000 base pairs (2) that has a terminal protein (TP) of 28 000 Da cova-
lently linked at the two 57 ends (2). The presence of TPs convalently linked to the nucleic

* Corresponding author,
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acids either DNA or RNA, has been reviewed recently (12). Strong evidence on the role
of these TPs as primers for the initiation of DNA replication in phage © 29 and in ade-
novirus has been obtained (for recent reviews, see 11, 14). We have also demonstrated
recently that extracts from Cp-l-infected 5. preumoniae incubated with dATP catalize
the formation of a covalent complex between the TP and 5’-dAMP; under appropriate
conditions, this complex can be elongated (3). In this report, we present new data on the
replication of Cp-1 DNA.

Materials and methods
Bacterial strains and phages

S. preumoniae R6, a derivative of the Rockefeller University wild type strain R36A
and the thymidine-requiring strain 470 (kindly supplied by 3. Lacks) have been pre-

viously described (6). The preparation and purification of bacteriophages Cp-1 and Dp-4
have been reported (9, 10).

Media and chemicals

The media used for growing 8. preumoniae (CpHB) and for the preparation of pha-
ges (M3} have been described in previous publications (9, 10). (methyl-"H) thymidine
(235 Ci/mmol) was purchased from The Radiochemical Center at Amersham/Searle. 6-

{p-hydroxyphenylazo)-uracil {HPUra) and aphidicolin were kindly provided by A. H. Todd
{Imperial Chemical Industries PLC).

Conditions of infection and *H-labeling
Conditions of infection and pulse-labeling of intracellular DN A using (methy/~"H)

thymidine in the presence or in the absence of HPUra and the preparation of sucrose
density gradients have been described elsewhere (4, 6).

Formation of the Cp-1 TP-dAMP complex
The standard assay for the formation of the Cp-1 TP-dAMP complex has been re-
cently described (3). :
Results and discussion
Selective replication of Cp-1 DNA in the presence of HPUra

We have previously found that the highest vield of bacteriophage Cp-1 was obtained
when the infective process was carried out at 30° C. This observation was further exten-
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ded to other Cp-1-related phages (7, 9). An approach to study the infective cycle of Cp-1
was to inhibit selectively host DINA synthesis without affecting bacteriophage Cp-1
DNA replication to specifically label phage DNA withous interference from bacterial
DNA. As shown in Table 1, the used of HPUra fulfills these requeriments,

Incorporation of PHJ-thymidine during the infective cycle at 30° C and at 37°C

Fig. 1 shows a high level of incorporation of [°’H]-thymidine into Cp-1-infected S.
pnewmoniae at 30° C whereas an inhibition of phage DNA replication was found when
the infection was carried out at 37° C. The onset of replication showed a lag, with DNA
synthesis starting at about 45 min after infection. We have recently reported (3) a de-
crease of about 60 % in the in vitro formation of the Cp-1 DNA initiation complex when
the incubation was carried out at 37° C rather than at the optimal temperature (30° C)
(Fig. 2). Nevertheless, the remarkable inhibition of the in vitro phage DNA replication
at 37° C (Fig. 1) suggests that even those molecules that have been able to form the ini-
tiation complex can hardly elongate the DNA.

Effect of aphidicolin on the replication of pneumococcal bacteriophages Cp-1 and Dp-4 -

Another way to get new information about the replication of Cp-1 was to take advan-
tege of the use of aphidicolin. This tetracyclic diterpenoid inhibits the activity of DNA
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Fig. |. DNA synthesis and growth curves of Cp-1 infected pneumaococcal cells at 30° ¢ and at 37° C. Cultures of
S, preumoniae strain 470 containing 6.2 X107 cells/ml received 50 u M HPUra 3 min before addition of Cp-1 at
m. 0. i. of 25. [*H]-thymidine (5 u Ci/ml) was added at 0 time and the culture was divided into twe porticns that
were incubated at 30° C {solid symbols) or at 37° C {open symbols). At different times, samples (0.5 ml} were
withdrawn and the TCA-precipitable radicactivity (®, O) was determined as indicated in Table 1. Growth {and
lysis (&, A) was followed by neyphelometry (N},
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TABLE |

EFFECT OF HPUra AND APHIDICOLIN ON 5. PNEUMONIAE DNA SYNTHESIS
AND ON THE PRODUCTION OF PHAGE Cp-1

Treatment Host DNA synthesis Phage titer
{9a)° {p. [ w/ml)? (%)
Mone {control) Lok 100
HPUra (15 ugfml) 28 110
(25 pg/ml} 20 138
{50 pgfml} 9 1006
(160 up/ml} 6 8S
(25 pp/ml) — 30
(50 pg/ml) — 5
{100 pg/ml) 100 1

* Strain 470 (6.2 X107 colony-forming units/ml) in TS broth received 5 ¢ Ci of ('H) (2) thymidine/ml in the -
presence of the indicated concentrations of the drugs. Incubation was continued for 120 min at 30° C. Samples:
(0.5 ml) of the culres received 2 mg unlabeled thymidine/mi and were centrifuged {10 000 >g, 2 min), resus-
pended, precipitated with 5 % trichloroacetic acid (TCA) and collected onto Whatman GF/A filter disks, dried
and counted {100 % =85 381 cpm).

® Strain 470 (6.2 X107 ¢. . u. m!) in TS broth was infected with Cp-1 at m. o. 1. of 10 the presence of the dit-
ferent drugs. [ncubation was continued for 4 h a1 10° C. Samples (1 ml) were centrifuged (10 000 =g, 10 min})
and phages were assayed in the supernatants using R6 as indicator strain (100 % = 3.4 X 10 p. £ w./ml). Aphidi-
colin was dissolved in dimethyl sulfoxide (DMSQ) at a concentration of 5 mg/ml.

polymerase « in eukaryotic cells (13). It has also been reported that this drug inhibited
replication of small B. subtilis phages such as & 29 and M2 that contain protein cova-
lently linked to the DNA whereas other phages like SPP1 or SP50 were not affected in
their replication (5). When samples of a culture of 8. preumoniae infected with Cp-1

were incubated in the presence of increasing concentrations of aphidicolin we found a to-
tal inhibition in the production of viable virus particles (Table 1). In addition, Figure 3A .
shows that the synthesis of phage DNA was decreased to a high extent when a Cp-1-

infected culture was incubated in the presence of 100 ug/ml of aphidicolin. In similar ex-

periments, the production of Dp-4 particles and the replication of its DNA were not
affected by the presence of the drug (Fig. 3B). This bacteriophage does not contain pro-

tein linked to the DNA (2).

The experiments presented in Fig. 2 show that aphidicolin { 100 pg/ml}does not inhi-
bit to a high extent the in vitro formation of the Cp-1 initiation complex in agreement
with the results obtained in the {J 29 system (1, 15). Nevertheless, when aphidicolin was
added to a Cp-1-infected culture of S, pneumoniae, we found a noticeable reduction in
the incorporation of [’H}-thymidine. Futhermore, when we analyzed the distribution of
Cp-1 DNA labeled in 5 min pulses of [*H] thymidine by using alkaline sucrose gradients,
we found that fragments smaller than the unit-length phage DNA remained in relatwely
large amounts in the presence of aphidicolin (data not shown),

We have reported that bacteriophage Cp-1, as well as other related phages (7, 9),
multiplied under optimal conditions when incubated at 30° C, The results presented here
provide experimental support to explain this behaviour since the in vitro formation of the
initiation complex between the TP and 5'-dAMP was partially affected (Fig. 2) and the
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Fig, 2. Influence of different experimental conditions on the labeling of the TP by incubation of extracts from Cp- -
l-infected cells with {a**P) dATP. Extracts from Cp-1-infected cells were incubated with (232P)APT as pre-
viously described (3) and subjected to SDS-polyacrylamide gel electrophoresis, Lane A: extracts incubated in the
presence of aphidicolin (100 pg/ml) at 30° C; lane B: extracts incubated at 37° C; lane C: extracts incubated a1
30° C. Numbers at the left indicate the M, X107 of the *8-labeled & 29 structural proteins. TP: terminal pro-
tein.
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60 120 180 30 60 a0
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Fip. 3. Effect of aphidicolin on DNA synthesis in Cp-1- and Dp-d-infected pneumococcal cells. Cultures of S.
preumoniae strain 470 containing 6.2 X107 ceils/ml received 50 . M HPUra 5 min before addition of Cp-1 at
m. 0. i. of 25 {A) or Dp-4 at m. o. i. of 3 (B). [*H}- Thymidine (5 2 Ci/ml) was added at 0 time and the cultures we-
re divided inte two portions that were incubated with {open symbols) or without (closed symbols) aphidicolin
{100 pg/ml). At different times, samples (0.25 ml) were withdrawn and the TCA-precipitable radioactivity was
determined as indicated in Table 1. Control cultures {closed symbols} contained DMSO instead of aphidicolin.
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in vive replication of the phape DNA was strongly reduced (Fig. 1) when Cp-1-infected
pneumococci were incubated at 37° C. On the other hand, HPUra blocks the replication.
of the DNA of the host cells without affecting the muitiplication of the phages (Table 1)

whereas aphidicolin specifically inhibited Cp-1 DNA synthesis. Our results suggest that
aphidicolin could interfere in the elongation of Cp-1 DNA fragments (Fig, 3) as it has

been desmonstrated in the small Bacilflus phages (8). The experimental conditions deve-

loped in this work should allow a more detailed characterization of the Cp-1 DNA repli-

cation machinery.

Note added in proof. Matsumoto ef al. (Virology 152, 32, 1986) have recently reported the isolation of aphidicolin-
resistant mutans of bacteriophage @29. The mutations were mapped in gene 2 which codesfor #:29 DNA polyme-
rase producing an altered form of the polymerase with a reduced sensitivity to aphidicolin. Ir additicn, Blanco and
Salas (Virology 153, 179, 1986) also have demonstrated that the $29 DNA polymerasa itself is the target of aphi-
dicolin and of other nucleotide analogs.
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Summary

A taxonomic study by means of DNA homology and the most recent phenetic crite-
ria has been carried out in 11 environmental strains of Vibrio parahaemolyticus and 4 of
Vibrio pelagius, previously adseribed to the respective phenons in a numerical taxo-
nomy study. The strains of V. parahaemolyticus showed genetic homogeneity, a guanine
plus cytosine content (G + C) of 46 % and 61 % homology with V. parahaemolyticus
type strain ATTC 17802. They exhibited phenetic atypicalities but could be adscribed to
the species V. parahaemolyticus. The strains of V. pelagius behaved similarly in regard
to the phenotype, but were genetically heterogeneous; they showed a % G +C of 44-46
and were asigned to V. splendidus-V pelagius homology group.

Key words: G + C content; Vibrio taxonomy; ADN-ADN hybridization,

Resumen

Once cepas ambientales de Vibrio parahaemolyticus y cuatro de Vibrio pelagius,
caracterizadas en un estudio previc mediante taxonomia numerica como pertenecientes
a los respectivos fenones, han sido sometidas a un estudio taxonomico mediante hibrida-
cion ADN-ADN vy caracterizacién fenotipica de acuerdo con los criterios mas recientes.
Las cepas de V. parahiaemolyticus han mostrado homogeneidad genética entre si, un
porcentaje guanina mas citosina (% G + C) de 46 y un 61 % de homologia ADN-ADN
con la cepa de V. parahaemolyticus (ATCC 17802), ademas de diversas atipicidades
fenotipicas. Las cepas de V. pelagius, al igual que las anteriores, han presentado alguna
atipicidad, pero han resultado genéticamente heterogéneas, muestran valores de % G + C
de 44-46 y se encuentran genéticamente relacionadas con el grupo de homologia de
V. splendidus-V. pelagius segin los datos de hibridacion ADN-ADN,

* A quien se dirigira la correspondencia.
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Entroduccion

De las, aproximadamente, treinta especies que comprende en la actualidad el género
Vibrio, la mayoria son habitantes autoctonos de ecosistemas marinos, en los cuales
desempefian importantes funciones: reciclaje de materiales tales como la quinina (14), fi-
jacion de nitrogeno molecular (8), luminiscencia simbidtica y parasimbiotica (10), aso-
ciaciones especificas con organismos planctonicos (11, 25) y patogenicidad para un va-
riado rango de la fauna marina (7, 9, 16). Su actividad patdgena afecta, asimismo, al
hombre a través de la ingestion de alimentos de origen marino, o de infecciones oportu-
nistas por contacto (4, 5). Sin embargo, el estudio sistematico de tales especies, particu-
larmente bajo un enfoque ambiental, se ha visto gravemente dificultado por la compleji-
dad taxonomica del género, que parece abarcar limites mé4s amplios que los que
engloban a familias tales coma Enterobacteriaceae (17). Los rangos de variabilidad fe-
notipica de cada especie son, por tanto, relativamente amplios, y se encuentran en gran
parte, aun por determinar.

En un estudio previo, realizado mediante técnicas numéricas sobre cepas ambienta-
ies de Vibrio procedentes de diversos tipos de muestras marinas, fueron identificadas las
especies Vibrio alginolyticus, V. parahaemolyvticus, V. splendidus, V. harveyi, V. campbe-
ilii y V. pelagius (19). El fenon 10, no identificado, ha sido adscrito, tras un estudio de
homologia genética, a la nueva especie V. mediterranei (20). Los fenones 4 v 9, que co-
rresponden a las especies V. parahaemolyticus y V. pelagius, respectivamente, fueron
seleccionados para la realizacion de un estudio de homologia genética (determinacion
del porcentaje en bases guanina mas ¢itosina e hibridacion ADN-ADN), al tiempo que
se procedié a completar la caracterizacion fenética segiin los criterios taxondmicos mas
recientes (4). En el presente trabajo se presentan los datos obtenidos en ambas aproxi-
maciones.

Materiales y métodos
Cepas bacterianas.

Las cepas bacterianas utilizadas se indican en la Tabla 1. Fueron conservadas en
Agar Marino (Difco) a temperatura ambiente y resembradas con una periodicidad bi-
mensual. Las cepas se conservaron también en forma de liofiles.

Caracterizacion fenotipicas.

A los datos fenotipicos obtenidos en el estudio previo (19) se afiadio la bateria mini-
ma de pruebas de identificacion de género y especies (4). Las pruebas realizadas fueron:
prueba G/F (con o sin produccion de gas a partir de glucosa), oxidasa, reduccién de ni-
tratos, pigmentacion, motilidad por deslizamiento {«swarnting» ), produccion de acetoi-
na, crecimiento a 40° C, arginina dihidrolasa y utilizacién de sacarosa, celobiosa,
D-gluconato, gamma-aminobutirato ¥ putrescina como fuentes unicas de carbono y ener-
gia; todas ellas se llevaron a cabo siguiendo la metodologia recomendada. Las cepas in-
tegrantes del fenén 9 fueron sometidas, ademas, a la prueba de degradacion de algina-
to(3).



TABLA §
CEPAS BACTERJANAS

Especie Origen

Vibrie parahaemolyticus ATCC 178027
cepa LD Agua de mar. Yalencia.
cepa L1 Agua de mar. Valencia.
cepa 65 Apua de mar. Vaiencia,
cepa 66 Agua de mar. Valencia.
cepa 67 Agua de mar. Vaiencia.
cepa 68 Apgua de mar. Valencia.
cepa 69 Apua de mar. Valencia.
cepa 70 Agud de mar. Valencia.
cepa 19 Agua de mar. Valencia.
cepa 130 Plancton marino. ¥alencia,
cepa [3t Plancton marino. Valencia.

V. alginolyticus NCMB 19037
cepa 22 Agua de mar. Valencia.

V. harveyi NCMB 12807
cepa 158 Agua de mar. Valencia.

V. campbellii NCME 18947

V. splendidus ’ NCME 17

V. ordaifil NCMB 21677

V. nereis NCMB 18977

V. natriengens _ ) NCMB

V. pelagius
cepa 54 _ Sedimento marino. Valencia.
cepa 55 Sedimento marino. Valencia.
cepa 56 Sedimento marino. Valencia.
cepa 57 Sedimento marino. Valencia,

Escherichia coli cepa B CECT 101

Aislamiento v punﬁcacign dei ADN.

El ADN de las cepas estudiadas se obtuvo a partir de cultives sobre medie sdlido
—agar extracio de levadura agua de mar (14)— excepto en el caso de V. ordalif
NCMB 2167, que se cultivo segiin las recomendaciones de Schiewe y col. {23). Se pro-
cedio al aislamiento del ADN siguiendo el método de Marmur descrito por Johnson (12)
con las siguientes modificaciones: en la primera desproteinizacion el tratamiento con
perclorato fue sustituido por un tratamiento con fenol saturade ¢on agua, tras lo cual se
dializo el sobrenadante durante toda la noche en 0.1 SSC (S5C: tampon citrato salino
estandard). Se llevo a cabo un tratamiento con ARNasa durante una hora, seguido por la
adicion de Pronasa (Sigma Co.)} predigerida hasta una concentracion final de 100 ug/ml
La incubacion se prolongé durante dos horas a 37° C, y toda la noche a 28° C. La pure-
za de las soluciones de ADN se controlo haciendo uso de las razenes de absorbancia
260/280 vy 260/230. que deben situarse por encima de 1.80 y 2,30, respectivamen-
te (12).

Porcentaje en bases guanina mds citosina (G +C).

El porcentaje en bases G +C del ADN de las cepas 10, 55 y 56 se determino a par-
tir de la temperatura media de fusion {T,,). haciendo uso del ADN de Escherichia-coli
(% G+C =51) como control, y aplicando la férmula de Owen y Hill (18).
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- Marcaje radiactivo del ADN.

El ADN fue marcado radicactivamente mediante «nick translation» (22) con deso-
xicitidina trifosfato tritiada (Amersham TRK.621) y el equipo para «nick translation»
{Amersham N 5000), siguiendo las instrucciones del fabricante. El ADN marcado se
aisio mediante paso por columna de Sephadex G-50 (Pharmacia Fine Chemicals) de
10 cm. Se recogieron las 20 primeras fraccicnes (aproximadamente 200 g V/fraccion),
cuya radioactividad total y precipitable (con acido tricloroacético) fue seguida mediante
contador de centelleo liquido. Las dos primeras fracciones radiactivas se seleccionaron
para las experiencias de hidridacion.

Hibridacién de los ADNs.

Se siguié el método de hibridacion competitiva sobre membrana de nitrocelulo-
sa (12). Los experimentos se realizaron por quintuplicado (las excepciones se indican en
las Tabtas). Las mezclas de hibridacion se prepararon con un 20 % de formamida (Sig-
ma Co.} y 1a temperatura de hibridacion se ajusté en cada caso a ma T,-25° C (tempera-
tura optima). La adsorcion inespecifica de radioactividad a las membranas se evalud me-
diante la realizacién paralela de hibridaciones con ADN de salmdn ligado a membrana
en viales de hibridacion no competitiva.

La evaluacion de la homologia genética se realizé haciendo uso de la formula
(A-C/A-B) 100, en las que A corresponde a las desintegraciones por minuto (dpm) re-
tenidas en las membranas de hibridacion no competitiva, B las dpm retenidas en las
hibridaciones con competidor homologo y C las retenidas en presencia de competidor
heterdlogo.

TABLA 2
RESULTADOS DE LA CARACTERIZACION FENOTIPICA DE LAS CEPAS AMBIENTALES

CEPAY GABAS®
Q/F Gas de «Swar- Oidasa Pig-  Arginina Vogess Creci- Reduc- Utilizacion de
glucosa  ming» mento  dibidro-  Pros-  miento cion de Sacarnsa Celo- D-gluco- Putras-

lasa  kauer a 40" nitratos bicsa  nato cina

10 F - =~ + - - - 4+ + - - + - +
n F, - - + - - = 4 + - - - - =
65 F - - + - - - + + - - + - +
66 F - - + — - - + + - - + + +
67 F — — + - - — + + - - + + +
68 F - - + — - - + + - - + - +
69 F - - + — - - + + - - + - +
7 F - - + — - - '+ + - - + - +
79 F - - + — - — + + - - + - +
130 F - - + — - - + + — - + - +
131 F - - + - - - + 4+ - - + - %
54 F - - + - - — - NCP + - + + +
s F - - + - - - - NC + =~ + + +
56 F - - + - - - - + - - + + +
57 F - - + - - - - + - - - + +

® Las cepas 10 a 131 pertenecen al fendn 4 (V. parahaemolyticus); las cepas 54 a 57 pertenecen al fenon 9
(V. pelagins).

b NC ausencia de crecimiento.

¢ GABA gamma-aminobutirato.
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Resultados y discusion

Las cepas pertenecientes a los fenones 4 y 9 presentan, tanto en el estudio fenético
previo (19), como en la caracterizacion fenotipica realizada en el presente trabajo (Ta-
bla 2), el perfil fenotipico propio de V. parahaemolyticus y V. pelagius, respectivamente.

Las once cepas de V. parahaemolyticus, ademas de cumplir con los criterios mini-
mos para la adscripcion al género, presentan las siguientes caracteristicas: son positivas
en las pruebas de la oxidasa, lisina descarboxilasa, crecimiento a 42° C, crecimiento en
8 % NaCl, produccion de acido a partir de arabinosa, sensibilidad a 0/129 y utilizacion
de citrato, y son nepgativas para descarboxilacion de arginina, produccion de acetoina,
ureasa, luminiscencia, produccién de acidos a partir de sacarosa y movilidad por desliza-
miento. Todas ellas son respuestas tipicas de la especie. De entre los 135 caracteres pre-
viamente estudiados, solo resultaron atipicas la respuesta negativa a la descarboxilacion
de ornitina, la variabilidad de la prueba del indol ¥ la capacidad de crecimiento en
10 9% NaCl(19). Entre los resultados reflejados en la Tabla 2 sdlo se dieron atipicidades
ocasionales en la cepa 11 y en la utilizacion de gamma-aminobutirato por parte de las ce-
pas 66 y 67.

Los resultados de la hibridacion competitiva de la cepa 10, elegida como represen-
tante de su fenon, con miembros representativos del mismo y cepas de referencia del gru-
po de homologia genética al que la especie pertenece (2, 21), quedan refiejados enla Ta-
bla 3. Los valores de competencia entre los ADNs de los miembros del fenon 4 y la cepa
10 se situan por encima del 80 %, excepto para la cepa 130, que presenta un 74 %, lo
que confirma la homogeneidad genética del grupo previamente definido en términos fe-
néticos (19). La cepa 10 muestra un 61 % de homologia con la cepa de V. parahaemoly-
ticus ATCC 17802, un valor quizé bajo para la adscripcion especifica segin los criterios mas
estrictos(4). Cabe destacar, sin embargo, que no existe unanimidad en la aplicacion de
estos criterios, v asi, mientras que algunos investigadores consideran suficientes homolo-
gias del orden del 60 % (13, 24), otros separan en especies distintas cepas con homo-
logias de 65 %, como en el caso de V. campbelli y V. harveyi (4). Dentro del mismo gé-

TABLA 3

HOMOLOGIA ADN/ADN ENTRE LA CEPA 10, REPRESENTANTES DEL FENON 4
Y CEPAS TIPO DE ALGUNAS ESPECIES DE VIBRIO®

ADN competidor de:. % competencia N.» de réplica
Cepa 10 100 5
Cepa 11 104 1
Cepa 67 82 4
Cepa 130 ) 14 4
V. parahaemolyticus ATCC 178027 6l 5
V. alginolyticus 22 48 5
V. alginolyticus NCMB 19037 40 i
V. campbellif NCMB 18947 45 5
V. harveyi NCMB (2807 20 4

@ Retencion inespecifica de radioactividad: 3.7 %.
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nero se da el caso de cepas que, presentando valores medios de homologia de 67 % (lo
que incluye casos de 60 % de homologia) se encuentran como biotipos de la misma espe-
cie - biotipos I y II de V. splendidus (4, 21). La homologia que la cepa 10 presenta con
el resto de especies del grupo de V. campbellii es proporcionalmente mas baja que la que
presenta V. parahaemolyticus, pero las distancias relativas se mantienen: las relaciones
descritas para V. alginolyticus y V. parahaemolyticus son de 61-66 % con el método de
hibridacién en membrana (21) y de 68 % con el método de la hidroxiapatita (6); entre
ambos v el grupo V. harveyi-¥. campbellii los porcentajes oscilan entre 47-49 y
46-32 %, segiin el método (6, 21). En nuestro estudio los valores son mas bajos, lo que
puede indicar una excentricidad de nuestras cepas respecto al grupo de homologia toma-
do como conjunto.

A la vista de la semejanza fenotipica, la coincidencia en el porcentaje en bases
G + C, que es de 46 % para la cepa 10, y teniendo en cuenta que la maxima homologia
genética se ha dado con V. parahaemolyticus, nos inclinamos por la conservacion de es-
tas cepas dentro de 1a mencionada especie, quiza como una variante geografica atipica o
como nucleo de un nuevo biotipo.

Las cepas correspondientes al fenén 9 (cepas 54, 55, 56 y 57) presentaron el perfil
fenotipico de V. pelagius: fueron positivas para las pruebas de la oxidasa, sensibilidad a
0/129, reduccion de nitratos, hidrolisis de gelatina, alginato y esculina, produccion de
acidos a partir de sacarosa, manitol, manosa, trehalosa y utilizacion de D-gluconato,
gamma-aminchutirato y putrescina. Fueron negativas en su capacidad de crecimiento a
40° C, produccién de acetoina, descarboxilacion de arginina, lisina y ornitina, produc-
cién de gas de glucosa, crecimiento en 10 % NaCl, produccion de indol, luminiscencia,
ureasa y acidos de arabinosa. Las cepas fueron atipicas en la prueba de utilizacidn de ¢i-
trato, y una de ellas en la incapacidad de utilizacion de D-gluconato (cepa 57, que poste-
riormente mostraria falta de relacion genética con la cepa 55). Con la excepcion de estos
dos casos, todas las respuestas son propias de V. pelagius. Asimismo los valores de
G + C obtenidos para las cepas 55 y 56, que son de 44 y 46 %, estan en concordancia
con los de la especie (4).

Las relaciones de homologia de la cepa 55, elegida como representante del fenon 9,

TABLA 4

HOMOLOGIA ADN/ADN ENTRE LA CEPA 55, REPRESENTANTES DEL FENON 9
Y ALGUNAS ESPECIES DE VIBRIO®

ADN competidor de: % competencia N.o de réplicas
Cepa 55 100 5
Cepa 54 93 3
Cepa 57 0 1
V. splendidus NCMB 17 40 5
V. harvepi 158 25 2
V. ordafii NCMB 21677 17 1
V. natriengens NCMB 16 5
V. nereis NCMB 18977 12 5

2 Retencion inespecifica de radioactividad: 3.6 %.
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con cepas pertenecientes al mismo y cepas de diversas especies del género se muestran
en la Tabla 4. Resalta, en primer lugar 1a heterogeneidad genética de la cepa 57, que en el
estudio previo habia mostrado una similaridad fenética del 90 % con la cepa 35 (19),
con respecto a la misma. En cambio, el valor de la homologia entre las cepas 55 y 54 se
encuentra en el rango propio de la especie.

Los datos sobre la homologia genética de la cepa 55 con otras especies de Vibrio
(V. splendidus, V. ordalii, V. natriengens, V. harveyi, V. nereis) no permiten en ningin
caso la inclusion de las cepas en dichas especies. La unica wlacion significativa es la que
se obtiene con V. splendidus NCMB 1, y esta se encuentra en el nivel de los grupos de
homologia genética actualmente definidos en el género Vibrie, grupos que Baumann y
Baumann definen a pantir del 40 % (2} y Brenner y cols. a partir del 30 % (6).
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ba a

BECKMAN INSTRUMENTS ESPANA, S. A.
Avda. del Llano Castellano N° 156
28034 MADRID. Telf. 729 16 66

BECKMAN



- COs-Auto-Zero

cero absolutamente estable
para un cultivo ininterrumpido,cémodo y preciso.

Estufas para cultivos de células de contaminacién debido a una
y tejidos de la ausencia total de condensacio-
nueva serie B-5061 Heracus. nes en ¢l interior de la camara.,

Control de CO:con correccion
de cero automatico, sin que los
cultivos sean afectados.

Una humedad relativa elevada
asegura el crecimiento uniforme
de sus cultivos.

Temperatura muy uniforme en
la camara de trabajos, sin riesgo ...y muchas otras ventajas.

Deseo recibir mas amplia informacion

1| Nombre v
Direccion

| Poblacion .

| (con codigo postal)
Heraeus | Envie este cupon a: Heraeus, S. A.

Agustin de Foxa, 25
| 28036 MADRID
I

Tels: 91/733 77 64 - 733 77 96
Telex: 43102 HERU E



VIRGO Determinacion de
INMUNOFLUORESCENCIA INDIRECTA

@ ELECTRO-NUCLEONICS™ para la determinacién de “HTLV III”

DETERMINACIONES mediante INMUNOFLUORESCENCIA INDIRECTA

* Anticuerpos anli - mitocondriales * Anticuerpos frente al V. Herpes Simplex |
* Anticuerpos amti - nucleares * Anticuerpos frente al V. Herpes Simplex 2
* Anticuerpos anti - nDNA * Anticuerpos frente al V. del Sarampin.

* Anticuerpos frente a Chlamydia Trachomatis. * Anticuerpos frente al V. de las Paperas.
* Anticuespos frente al Citomegalovirus. ‘)\nhmuposﬁ‘mteal\’ de la Rubeota.

* Anticuerpos frente al V. de Epsteln - Bar * frente a Ti

* Anticuerpos frente al Treponema (FTA - ABS) * Anticuerpos frente al V. Varicela - Zoster.

* Anticuerpos frente al V. Respiratorio Sincitial
* DETERMINACION FA para "HTLV - I
DETERMINACIONES mediante INMUNOFLUORESCENCIA DIRECTA
Test de identificacion y tipiicacion del Virus Hespes Simplex, tipos | & 2.
DETERMINACIONES mediante SISTEMA “ELISA”
*DETERMINACION "ELISA” para "HTLV - I

jNO DUDE EN CONSULTARNOS Y EN SOLICITAR EL NUEVO MANUAL DE TRABAJO DE “REACTIVOS VIRGO™, nos pondremos ripidamente en
comunicaciin desde nuestra oficina més cercana a su domicilia.

Desen recibir el NUEYO MANUAL DE REACTIVOS VRGO

I NOMDIE Y APEIIIOS . . .. - ..ot iaut i ettt en s eea st ran s ra ey er e oo a L E e E e e T RS e e E e e e s e s L e
3 1101 ST L AT TP
L L L LU 1 S T R LT ERETIN
Localldacd

| COMIERCIAL RAFER.SL. S

TELEX 58252 RAFE E

I_ 50008 ZARAGOZA J



Toxdi:l_ésmosis _ il Hemaglutinacion

Pasiva e Inmunc

RPR

Diagnostico de sifilis

IZASA
IZASA, S.A.

Tecnolog: rvicio
Los productos BIOKITy REDITEST 7oL 2605100 - remra 3500
Estén fabricados en Espaiia por IhiOlkit Télex 51.027 - 52.687 IZASA € - 08015 BARCELONA
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LA CITOMETRIA DE FLUJO

Qorigag e

e-membra
eSSt T antibiodticos, etc. - T
Las- aplicaciones presentes y futuras solo estan Ii-
“mitadas por la imaginacién del investigador.

Preglntenos sobre el EPICS C si desea conectar
con la investigacion del futuro.

EPICIgC

COULTER CIENTIFICA, S. A LA CITOMETRIA DE FLUJO
—— e IAUTIOMEIRIA DE FLLJO

Polig. Ind. «La Fuensanta» - Parcela 11
Teléfono: 645 30 11, MOSTOLES {Madrid)




Tértola comun

Tarabilla comun

Cropéndola ~ Zorzal coman

Esternino pinto Yerderdn gomun Paloma Zurita

Pico negro 7,

Mirlo comun Roguero rojo

Carbonero comdn

Charles Darwin dedicé toda una vida
al estudio e identificacion de las especies animales.

Hoy, existe un método rapido y preciso, para la identificacion
de diferentes especies bacterianas: Phadebact test.

o Pharmacia . viagonai, o1, 4

08628 BARCELONA .
Pharmacia lbérica, S. A Tels. 230 05 01/02 - 230 31 BO/B4




Loepanto, 202 - entlo

icrob Tueldfono (933 240 (05 01
Tllex SO042 ROCK - BUHOCHELC
DROEIBARC
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