ACTA IUCHTHYOLOGICA ET PISCATORIA
Vol. II, 1 1872

Andrzej CHODYNIECKI

Microbiology

STUDIES ON BIOLOGICAL ACTIVITY OF SELECTED STRAINS OF
WATER BACTERIA OF GENUS
PSEUDOMONAS, AEROMONAS, VIBRIO AND FLAVOBACTERIUM

BADANIA AKTYWNOSCI BIOLOGICZNE] WYBRANYCH SZCZEPOW
BAKTERII WODNYCH RODZA]JU
PSEUDOMONAS, AEROMONAS, VIBRIO 1 FLAVOBACTERIUM

From Institute of Fish Processing Technology

An interactivity of strains of water bacteria among Pseu-
domonas, Aeromonas, Vibrio and Flavobacterium genus had be-
en investigated. Proved, stimulating and antagonistic activi-
ty of the defined strains, and determined the degree of bio-
logical activity in relation to certain physical factors.

INTRODUCTION

The bacteria of Pseudomonas, Aeromonas, Vibrioand Flavobacterium ge-
nus form one of the important chains in biocenesis of sea and inland waters
environment, An interactivity of these microbes and particularly the anta-
gonistic characteristics of Pseudomonas sp. were subjected to rare investi-
gations. Wynne and N orman (1953) selected from seawater the
strain Pseudomonas fluorescens; onagar basis the strain produced certain,
not well defined, factor which inhibited the growth of some bacteria, yeast
and fungus. Roth (1959) selected three strains of Pseudomonas fluo-
rescens which inhibited the growth of Bacillus cereus var. mycoides and of
some saprophitic and parasite fungus. Landenberger (1952) exa-
mined the antagonistic activity of Pseudomonas fluorescens on growth of Ba-
cillus megatherium, Escherichia coli and Staphylococcus aureus. Atthe same
time, he ascertained that formation of pigment (fluorescein) is parallel to
intenseness of growth inhibition. Particularly strong antibiotic characteri-
stics of Pseudomonas segna strain proved Wallh&iuser (1951) and
indicated to great sensitiveness of Flavobacterium aromaticum, The examined
by him Pseudomonas fluorescens straininhibited the growth of Bacillus ter-
restris and Bacillus petasites and stimulated the growth of Bacillus arena-
rius strain,. Klinge (1959) supplemented, that only part of Pseudomo-
monas fluorescens strains generates the growth inhibiting factor and that

only some, not numberous bacteria of this genus, are sensitivetoit. Kno r r,
Hass and Knorr -after Grdf (1959) indicated that about 65% of
the examined Pseudomonas fluorescens act antibiotically and this ~haracte-
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ristic may be considered as constant phenomenon for the determined strains.
Those authors also ascertained the antagonistic activity of these strains on
some amebe species., Gr af (1958) investigatedthe physico-chemical and
biological characteristics of factor toxicfor amebe and selected from culture
of Pseudomonas fluorescens. Brunner (1957) pointed out to antagonistic
activity of Pseudomonas fluorescens againstthe strains of Aeromonas punc- *
tata and he underlined the role of both species in etiology of carp sepsis.

On symbiosis among bacteria and particularly on their synergistic activity
reported Nencki (1892), Burri and Stutzer (1894) - after
Ritter (1964). Furtherinvestigations were widened and supplemented by
exemples of symbiosis and metabiosis among various bacteria strains by
Wallhduser (1951/, Landenberger (1952), Ritter
(1964).

Aim of this work is to determine the interactivity of strains of water-
bacteria of Pseudomonas, Aeromonas, Vibrioand Flavobacterium genus and
an investigation of influence of the determined physico-chemical factors on
antagonistic or stimulating activity of these microorganisms.

MATERIAL AND METHOD

For investigations used 22 bacterial strains of Pseudomonas, Aeromonas,
Vibrio and Flavoba:terium genus and their denotation presented in table 1,
The strains of Aeromonas punctata Nos 1, 2, 3 and 4 and of Pseudomonas
sp. I gr, No. 20 were selected from fresh water; Aeromonas hydrophila No.5
and Pseudomonas sp.1 gr. Nos 21 and 22 were obtained fromfreshwaterfish,
The remaining 14 strains selected from seafish.

Used for culture of microorganisms was the meatbrothand agar of 1.5 per
cent and 0.7 per cent at pH 7.3. The bacteria selected from seafish were
cultured on medium with 75 per cent addition of seawater. Investigated
strains were incubated in temperature of 24°C. Numeral data of enclosed
tables and diagrams present the average values of three experiments.

An interactivity of microbes was determined by linearinoculations method
accordingto Heatley. Owing tonegligeable results, the experiment
was repeated accordingto Fredericq-Levine method in modifi-
cationof Kjems (Klinge, 1959). The zoneradius of bacterial growth
orinhibition measuredin mm.

An influence of medium pH on microbes growth, onability to generate fluo-
resceine, and on antagonistic or stimulating activity, examined by modified
method of Fredericq-Levine (1947). Concentrationof hydrogen
ions in medium was determined potentiometrically and the presence of pigment
noted in light of Wood.

The presence of biologically active bodies in sterilized filtrates of 12-
-days broth cultures, determined by dilution method of quotient g = 2. This
examinations were repeated on permanent medium of agar by "Lochtest" and
the results recorded after 24 and 48 hrs.

To determine the sensivity of biologically active substance to higher tem-
peratures, the filtrates with bacterial cultures were subjected to tempera-
tures of 60°C for 30 min,, 98°C for 15 min. and 120°C for 20 min. Biological
activity of these filtrates was then determined by dilution method.
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Table 1
Bacterial strains
nﬁlr:lil::i;xz Strains Denotation

1 Aeromonas punctata { ED 112 Dr A.G.Kitschel,
2 Aeromonas punctata ED 116. Ilizt:eg::}?eszzgor:
3 Aeromonas punctata ED 118 Cambridge

4 Aeromonas punctate ED 119

5 Aeromonas hydrophila | NCMB 72

6 Vibrio ichtyodermis NCMB 407

7 Vibrio sp. (luminous) NCMB 844

8 Pseudomonas sp. 1 gr. NCMB 129

9 Pseudomonas sp. I gr. NCMB 406
10 Pseudomonas 51'). 11 gr. NCMB 133
11 Pseudomonas sp. II gr. NCMB 320 Dr M. S. Hendrie
12 Pseudomonas sp.lII gr. NCMB 224 g;’;‘z nlfezl‘:::g:en
13 Pseudomonas sp.lIIl gr. NCMB 322 »

14 Pseudomonas sp. 1V gr. NCMB 114
15 Pseudomonas sp. 1V gr. NCMB 130

16 Flavobacterium sp. NCMB 244
17 Flavobacterium sp. NCMB 249

18 Flavobacterium sp. NCMB 251

19 Flavobacterium sp. NCMB 257
20 Pseudomonas sp. I gr. PZH 170 g’?%{g.)qigézt%[gﬁfsi;“e,)
21 Pseudomonas sp. I gr. Ch 101 author’s
22 Pseudomonas sp. I gr. Ch 108 author’s

ED = from collection of B.P.Eddy; NCMB = National Collection of Marine
Bacteria; PZH = State Office of Hygiene; Ch = from author’s collection.

To investigate the speed of antagonistic or stimulating activity, 0.1 ml of
24-hr broth culture of sensitive strain added to each 10 ml of sterilized fil-
trate. Further, at 30 minutes spacing, each 0.1 ml of such filtrate was
diluted in relation 1:10. From such dilution, 0.1 ml was added to each 4 ml
of 0.7 per cent agar and spread on agar medium. Results were recorded
after 24 hrs. o
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RESULTS

Cross tests on interactivity of bacterial strains comprised 484 variants
out of which 97, i.e. 20 per cent, proved biological activity. Antagomnistic
activity of examined strains apiaeared in 58 cases what amounts to 11.9 per
cent of all positive variants; highest activity proved the strains of Pseudo-
monas sp. I gr.

On permanent medium, the antagonistic activity was apparentas zones free
of bacterial colonies, or as zones of distinctly weaker growth. The radius
after 24 hrs ranged between 2 and 20 mm. Along the edges of such zones,
usually appeared a line of more intensive growth (Table 1,Fig. 1,2). The
growth inhibiting properties were examined at the following microorganisms:
5 strains of Pseudomonas sp. I gr. in 54 variants = 93.2%

4 strains of Aeromonas sp. in 4 variants = 6.8%.

The microorganisms proving antagonistic activity and the sensitive strains
are presented in table 2. Particular sensitivity to activity of Pseudomonas
sp. I gr. and Aeromonas sp. proved the Flavobacterium s _E Vibrio sp. and
Pseudomonas sp. III gr.

Growth st1mulat1ng activity on permanent medium was noted as zones of
more intensive growth of bacterial colonie (Table 1,Fig, 3,4). This appeared
in 39 cases what amounts to 8.1 per cent of all positive variants (Table 3).
Stimulating ability of microorganisms growth proved:

5 strains of Aeromonas sp. in 16 variants = 41.2%
2 strains of Pseudomonas sp. Il gr. in 6 variants = 15.3%

2 strains of Pseudomonas sp.Ill gr. in 9 variants = 23.1%
1 strain of Pseudomonas sp. IV gr. in 5 variants = 12.8%
1 strain of Vibrio sp. in 3 variants = 7.6%

The sensitivity for above-mentioned microorganisms proved the strains of
Aeromonas sp., Vibrio sp. and Flavobacterium sp. After 24 hrs of culture,
the zones of more intensive growth attained the radius from 3.0 to 11 mm. It
maybe worth noting that, all microbes of stimulating activity stimulated the
growth of Flavobacterium sp. No.18.

The growth of defined Aeromonas sp. and Flavobacterium sp. strains was
simultaneously inhibited by bacteria of Pseudomonas sp.I gr. and stimulated
by strains of Aeromonas sp., Vibrio sp, and Pseudomonas sp. II, III and
IV gr. Particular sensitivity proved the strain of Flavobacterium sp. No.19,

Selected for further tests were the microbes characteristic of strong an-
tagonistic activity, viz.: Pseudomonas sp.Igr. Nos. 9,20and 21, the sensi-
tive to their activity Pseudomonas sp. IIl gr. No. 12 and the most active
growth-stimulating strains such as Pseudomonas sp. II gr. No. 11 and Ae-
romonas punctata No.1. The strain Aeromonas sp. No. 4 was used as sensi-
tive.

The investigations on influence of hydrogen ions concentration in medium
on growth of bacteria proved that lowest pH value at which the growth ap-
peared for examined strains amounted to 6.0 and the highest 11.5. The co-
lonies cultured on medium of 6.0 pH were notnumberous, small, flat and de-
prived of characteristic light-grey pigmentation, while at Pseudomonas sp.
1 gr. appeared the traces of fluoresceine only. On medium of 6.5 pH, the
growth was more intensive and at Pseudomonas_sp. I gr., clearly noted the
presence of green pigment.




Antagonistic activity of Pseudomonas and Aeromonas sp. strains

able

2

Sensitive strains

Strains of antagonistic activity

Aeromonas Pseudomonas sp. I gr.
No. No.
Genus No.
1, 2, 8, 21 9 20 22
3, 5. ’
+
1, 4,5 - - 9 - -
Aeromonas 2,3 _ _ 8 _ ]
L 6 ] 8 8 10 ]
Vibrio 7 - 16 13 15 16
1 8,9, - - - 11 -
gr. 21 - - 11 - -
1 11 - - - 16 -
Pseudomonas 8r.
m 12, 13 - 14 13 12 15
gr.
v 14 - 7 7 10 6
gr.
16 2 12 10 12 15
Flavobacterium 17 - 10 9 11 11
19 - 20 18 15 18

* *£11a110% [ed180101q JO SIIPMIG

1€1
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Fig.l. Antagonistic activity of Pseudomonas sp. I gr. No. 9, 20, 21,
Sensitive strain: Pseudomonas sp. III gr. No.12

Fig.2. Antagonistic activity of Pseudomonas sp. I gr. No. 9, 20,
Lack of activity: Pseudomonas I gr. No. 22,
Sensitive strain: Vibrio sp. No. 6
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Tig.3. Stimulating activity of Pseudomonas sp. III gr. No. 12.
Antagonistic activity of Pseudomonas sp. I gr. No 8, 9.
Sensitive strain: Flavobacterium sp. No, 17

Fig.4. Stimulating activity of Pseudomonas sp. II gr. No. 11.
Sensitive strain: Aeromonas sp. No. 5
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Table 3

Stimulating activity
of Pseudomonas, Aeromonas and Vibrio sp. strains

Sensi.tive - Growth stimulating strains
strains .
Vi- Pseudomonas No.
Genus No. Agromonas No. v 'ng? I |gr.|II |gr. [IV gr.
1 2 31 4 5 6 j10)11]12 1} 13 14
26| - - -] -1-1-1elsl| s| 7
3 1. - . _ _ _ _ - - _ -
Aeromonas
4 1 4 51 41} - 31! 4 - 61 6 6 Z
513 - - - - - - 91 7 - 11
Vibrio 6 - - - - - - - N - -
17 (-4 -1-]-1-1-1-14)s]| - -
[flavebac- \yg |4 | 5|5|5|5|s5|7|6]|8]s 6
erium )
19 | - 101 81 91 518 - - - - 7

+ = radius of growth inhibiting zone {in mm)

Highest growth of colonie and of fluoresceine generationwas taking place on
medium of 7.0 to 8.0 pH. Gradual disappearance of fluoresceine was noted
from 6.5 pH and gradually decreasing growth of strains noted from 9.0 pH.
On medium of hydrogen ions concentrationof 10.0to 11.0 were seen only the
traces of bacterial colonie growth and was noted complete disappearance of
pigment.

Thus, was proved the essential influence of hydrogen ions concentration
in medium on antagonistic or stimulating activity of microorganisms.The re-
sults obtained indicate that maximum growth inhibition for the examined
strains of Pseudomonas sp. 1 gr. was taking place on medium of 6.0 t0 8.5
PH, while in growth stimulating activity - on mediumof 7.5t0 9.6 pH (Fig.1).

The investigations of antagonistic properties of bacteryless filtrates of
broth cultures of bacteria Pseudomonas sp. I gr. proved that the filtrate of
strain No. 20 inhibited the growth of the sensitive. microbe in dilution of
1:32. Filtrates of strain cultures Nos 9 and 21 totally inhibited the growth
in solution of 1:8. Weakdntibiotic activity of filtrate No, 9 and quite strong
of filtrate No. 21 appeared at dilution of 1:16; minor activity of both these
filtrates was shown in dilution 1:64 and above.
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Table 4

Influence of high temperatures on antagonistic and stimulating properties
of bacterial brothculture filtrates

Filtrate Dilutions Sensi-
Temp.| Time , tive

No. °c min. 1:2 5|.:4 1:8| 1:16 | 1:32.] 1:64 K StII;]aol.n
60 30 - - LA N I = = R
9 98 15 - - + | ++ FIFIURN (EFUFIFI Qi
. 120 20 - - Tl ++ FRTAFR [NV
60 30 - - D | A | A

20 98 15 - - - |+ R 12
120 20 - - - s ] s |
60 30 - -l - |- ++ |
21 98 15 - - - PP P
120 20 - - - i+ ++ +++ ++{
60 30 S S RS R 4+ | |
1 98 15 S S FHH F++ | |
120 20 S +++ +++| +++ 4+ | |

‘ 4
60 30 S +++ 4 Ea N I B
11 98 15 S -+ R [ FIFIFRR (IFUFI U
120 20 S P A A+ R = S

+ ,
- no growth; - growth traces; + weak; ++ mean; +++ strong growth;
S stimulating activity.

Stimulating activity of sterile filtrates of broth cultures was distinct, .
however, the spectrum of activity was not very high. The strain filtrate of
Aeromonas punctata No.l stimulated the growth of Aeromonas punctata No.4
in dilution of 1:4, while the filtrate of Pseudomonas sp. II gr. No. 11 sti-
mulated the growth of the same strain sensitive in dilution of 1:2. The in-
tenseness of biological activity of filtrate on permanent medium was distinctly
weaker in comparison with activity of direct agar cultures of the respective
strains.

The investigation results on sensitiveness to higher temperatures of bio-
logically active bodies comprised in filtrates, are presentéd in table 4. It
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radius in mm

Inhibition and stimulation zone

Fig.5. Influence of medium pH on activity of Pseudomonas and Aeromonas
species strains
a. antagonistic activity
Pseudomonas sp. I gr. No. 9
=== e — Pseudomonas sp. I gr. No.20
........... Pseudomonas sp. I gr. No.21
sensitive strain - Pseudom.sp.IIl gr. No.12
b. stimulating activity
Pseudomonas sp. II gr. No.11
— _ ___ Aeromonas sp. No.l
sensitive strain - Aeromonas sp. No.4

ascertained, that only minor decrease of antibiotic and stimulating activity
was obtained by heating to temperature-of 60°C, by boiling under 98°C and
by autoclaving under 120°C.

DISCUSSION

The sea environment and its dynamic natureis characteristic for many in-
terconnected factors which influence the quantity and the composition of
species of bacterial population. Therefore, it is frequently difficult to
define any influence seperately for each of these factors. The variations of
day and season, those deriving from geographical latitude, depth and from
serie of other parameters, principally complicate the problem. For these
reasons, the laboratory investigations with participation of microorganisms
of sea origin, can not ensure many important moments which condition the
maximum growth and full activity of microorganisms.

Performed investigations proved aninteractivity of the determined water-
bacteria strains of Pseudomonas, Aeromonas, Vibrio, and Flavobacterium
relating to their antagonistic and growth stimulating activity. Antagonistic
properties of strains were seen as growth inhibiting zones of sensitive
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bacteria; width of these zones was directly proportional to grade of activity.
Towards antagonistic activity of strains of Pseudomonas sp. I gr. (Pseudo-
monas fluorescens) indicated already Graf (1958), Landenber-
ger (1952), Guthrie etal. (1965), Krasilnikova (1961),
Ritter (1964), Brunner (1957)and Klinge (1959). From
accessible literature, no data can be found on direct stimulating activity
within the microbes of genus Pseudomonas, Aeromonas, Vibrio and Fla-
vobacterium. In our investigations is provedthat certain growth stimulating
properties possess some strains of Pseudomonas sp: II, IIl and 1V gr., Vi-
brio sp. and Aeromonas sp. Particular sensitivity: to stimulating activity
proved the Flavobacterium sp. and certain Aeromonas sp. It is peculiar,
that none of strains of Pseudomonas sp. I gr. was sensitive to stimulating
activity.

Great probability exists that biologically active substances generated by
bacterial cells during their lifes are emitted into environment, or are re-
leased from dead-cells under lysis-process, diffuse into agar medium and
exhibit an activity appart from theirbacterial cultures. The presence of bio-
logically active bodies in sterile filtrates of broth culture of strains examined
supports such thesis. An activity of thesefiltrates was, however, distinctly
weaker from values obtained from direct culture of corresponding=strains on
permanent medium. Probably, part of active bodiesinfiltrates was absorbed
by bacteriological filters. Further investigations are to be performed to
determine the origin and nature of active bodies.

The strains used in our investigations were growing on permanent medium
of pH from 6 to 11. Highest antibiotic activity proved the strains of Pseudo-
monas sp. I gr. in acid, neutral or in slightly alcalic environment \pH 6.0 -
8.0). Maximum of stimulating activities proved the strains of Aeromonas sp.
and Pseudomonas sp.II gr. on decidedly alc.lic medium (pH 7.5-9.5). It is
apparent then, that concentration of hydrogen ions in environment presents
an essential factor in shaping the biological activity of microorganisms.,

Obtained results indicate that fluoresceine is not the only factor respon-
sible for antibiotic properties of strains of Pseudomonas sp. 1 gr. This is
supported by fact, that in spite of pigment appearance onlyintraceable quan-
tities on medium of 6.0 pH, the growth-inhibiting intenseness was distinct.

From works of Landenberger (1952) and Klinge (1959)
appears that, growth-stimulating and inhibiting factors generated by bacte-
ria, are of thermolabile nature. Our own results indicate to thermolabile
nature of biologically active substances. By subjecting the filtrates to high
temperatures (120°C) was eliminated the probability of bacteriophages acting
as growth-inhibiting actor.

Among the microorganisms in genus Pseudomonas, Aeromonas,Vibrio and
Flavobacterium, which dominate among the bacteria of sea environment appear
the strains which are the natural antagonists, or the strains living in sym-
biosis like in other environments. The antagonistic and stimulating activity
on determined water microorganisms, whichis provedin our work, may con-
tribute towards wider and better recognition of their biological properties.
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CONCLUSIONS

1. Among the water bacteria of genus Pseudomonas, Aeromonas, Vibiio
and Flavobacterium, are appearing the strains of antagonistic and stimulating
properties. An ability for generation of active bodies and the sensitiveness
proved certain defined bacterial strains only.

2. Antagonistic activity proved the strains Pseudomonas sp. I gr., while
stimulating activity - Pseudomonas sp. II, Il and1V gr., Aeromonas sp. and
Vibrio sp. Sterile filtrates of biroth culture of defined strains also proved
the antibiotic and stimulating activity.

3. The concentration of hydrogen ionsinenvironment presents a vitalfactor
in shaping the biological activity of microorganisms. Highest antibiotic acti-
vity was appearing on medium of 6.0-8.0 pH, while stimulating activity - on
7.5-9.5 pH medium.

4. The bodies responsible for antagonistic and st1mu1at111g activity proved
to be of thermolabile nature,
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BADANIA AKTYWNOéCI BIOLOGICZNE] WYBRANYCH SZCZEPOW
BAKTERII WODNYCH RODZAJU PSEUDOMONAS, AEROMONAS,
VIBRIOI FLAVOBACTERIUM

Streszczenie

Badano wzajemne oddzialywanie 22 szczepéw bakterii wodnych rodzaju
Pseudomonas, Aeromonas, Vibrio i Flavobacterium., W krzyzowych bada-
niach, na 484 kombinacji, wtadciwosci hamowania lub pobudzania wzrostu
wykazato 20%, w tym aktywno$é antagonistyczng przejawialo 11,5% a stymu-
lacyjna 8,1% kombinacji dodatnich. Stwierdzono, ze zdolno$é do produkci
cial czynnych i wrazliwo$¢ na te ciala posiadaly tylko okreélone  szczepy
bakteryjne. Aktywnodé antagonistyczng wykazalty giéwnie szgzepy Pseudo-
monas sp. 1 gr., za$ aktywno$é stymulacyjng Pseudomonas II, III11i IV gr.,
Aeromionas sp. oraz Vibrio sp. Znaczng wrazliwoéé na dzialanie antygoni-
styczne i stymulacyjne przejawialy okresélone szczepy Flavobacterium sp. i
Aeromonas sp. Wykazano ponadto, ze jalowe przesgcze bulionowych hodow-
li szczepdw aktywnych biologicznie posiadaly réwniez wlasciwo$ci hamowa-
nia wzrostu szczepéw wrazliwych nawet w rozcieficzeniu 1:34, a takZe po-
budzania wzrostu w rozciernczeniu 1:4.

Z przeprowadzonych badain wynika, zeistotnym czynnikiem majgcym wplyw
na stopien aktywno$ci szczepéw bakteryjnych jest stezenie jondw wodoro-
wych $rodowiska. Optymalna bowiem aktywno$é antagonistyczna wystepowa-
la na podlozach o pH 6,0 do 8,0 za$ stymulacyjna przy pH 7,5 do 9,5. Cha-
rakterystycznym jest, ze ciala odpowiedzialne za aktywno$é biologiczng ba-
danych szczepdw posiadaja cieptostaly charakter,

VCCTEIOBAHYA BUOMOTWYECKOW AKTUBHOCTY OTZEIBHLX
KYJIBTYP BOZHHX BAKTEPIH: POIA PSUDOMONAS, AEROMONAS, VIBRIO
u PLAVOBACTERIUM

Pesnwnme

lccnenoBano B3aumoZelicTue 22 KYIBTYP BOLHHX OakTepuil poZa Pseudomo-
nas, Aeromonas, Vibrio u Plavobacterium. B NEDPEKDPECTHHX UCCIEZ0Ba=
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HAAX B 484 KOMOMHAUVAX CIIOCOOHOCTBI TOPMOXEHUA WIM BOSOYEACHUA DOCTE Xa-
paKTepu30Bamoch 20%, U3 KOTOPHX AHTATOHUCTUYECKYW AKTVBHOCTH IPOTBIAIO0
11,5%, a CTHMyIUDYLLyh—- 8,1% MOJOXUTEINBHHX KOMOMHALMH

YCcTaHOBji€H0, UTO CIHOCOGHOCTEH K IPOU3BOZCTBY AKTUBHHX TENl U  UYyBCTBU=—
TENBHOCTE Ha 5TH Teja UMENN TONBKO ONpeZelsHHHe GaKTepuanbpHbe KyIbTYDH.
AHTATOHUCTUYECKY aKTUBHOCTDL NPOABUNM TIaBHHM 00Dpa30M KyIBTYpH Pdeudomo-
nas sp. I TDYNIH, CTUMyIUDYOUYH Xe AKTUBHOCTH - Pseudomonas I1I,III 1
1V rpymnm, Aeromonas Sp.,a aTKKe Vibrio sp. 3M3ETHYI UYyBCTBUTENBHQCTH HA
aHTATOHMCTIYECKOE U CTUMYTUDybUee ZeicTBUE NMDOABIANYN ONPEAENEHHHE KyIhb-
TypPH Flavobacterium sp. I Aeromonas sp.RpOMe TOI'0 YCTAHOBJIEHO, ~UTO CTE~
PUIBHHE (DMIBTPATH OYyIHOHHOTO pa3BELEHUA OUOJOTUYECKU AKTUBHHX KyIBTY D
IMENH TaKke CIO0COCHOCTE TODMOXEHNA POCTa KYIBTYD, UyBCTBUTENBHHX Zawe
npu pa36aBieHuy I:34, a Takke BO3OYyHLEHNA DOCTa Npil pasdasieHun I:4.

I3 npoBeneHHHX UCCIENOBaHUNl CleZyeT, YTO CyLeCTBEHHHM (aKTOpDOM, UMe-
oUUM BIUAHVE HA CTENEHP aKTUBHOCTH GAKTEDUANBHHX KyJIBTYyp, ABIAETCA KOH-
LeHTpauua BOZLODPOAHHX UOHOB Cpel, TaK KAaK ONTuMalpHAf QHTATOHUCTUUECKAA
aKTUBHOCTH HalmloZallact Ha cyo6ctparax ¢ pH 6,0 = 8,0, a crumynupyouag -
npx pH 7,5 - 9,5. XapaKrTepHHM ABAAETCA TO, YTO Teja, OTBETCBTEHHHE 3a

 CHOJIOTUYECKYH aKTUBHOCTH MCCIEAYEMHX KYyIBTYD, UMENT IOCTOAHHHI TepMuyec—
Kufi XapakxTep,
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