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Several diazotrophic strains of Klebsiella oxytoca and K. terrigena that colonize the plant-host interior were
able to produce the plant cell wall depolymerising enzyme pectate lyase ( Pel). The activity of the K. oxytoca
enzyme was weaker than that ?‘ phytogathogenfc bacteria, and it was located mainly inside the cells. A
small fraction of the cells (10°° to 107"} in populations grown in nonselective media was able to grow in
a selective medium with polygalactorunate (PG} as sole carbon source. After passage through selective
medium cells were converted to the Pel -phenotype, and total Pel-activity in population of K. oxytoca
increased. The increased level of Pel-activity of K. oxyfoca and K. terrigena correlated with a 10-fold higher
rate of internal colonization of wheat roots. Cultures of K. oxytoca VNI13 grown in selective medium with
PG also showed increased stimulation of wheat growth. Seedlings inoculated with such cultures exhibited

better development resulting in higher biomass.

Introduction. The endophytic bacteria are now con-
sidered as a valuable means to reduce the input of
chemicals [1]. They may derive significant com-
petitive advantage over soil-born bacteria from their
close contact with plants. Living within the plant
tissue, they may protect the plant from superinfection
by soil bacteria and recolonize the plant surface after
some siress situations in the soil.

Nitrogen-fixing Klebsiella oxyfoca VN13 was iso-
lated from the rice root interior in Viet Nam. The
bacteria were proven to penetrate into the plant tissue
[2]. Bacteria were localized within cells of the peri-
pheral layer of the root tissue, in intercellular space
and xylem {3]. Studies on physiological properties of
this bacterium have shown that K. oxytoca VN13 was
capable to excrete auxins and antimicrobial sub-
stances [4]. Monitoring the survival of bacteria in the
plant rhizosphere by using biocluminescence-based
technique revealed their presence on the roots during
the plant vegetative period [5].

The mechanism of penetration is yet unknown.
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The plant-associated bacteria do not posscss pene-
tration structures, such as penetration pegs commonly
found in fungi. Conscquently, all plant-associated
bacteria are unable to exert mechanical or physical
forces to penetrate intact epidermal cells. The first
predicted route for entrance of the endophytic bac-
teria into the plant tissue is via lateral roots [0]. Once
the lateral root threads through the outer epidermal
layer to the inside, bacteria may gain enfrance
through the resulting crevice. Bacteria, invading un-
wounded roots, can be present in the gaps made by
the pushing the newly formed lateral roots through
the cortex. Another possibility for bacteria to penet-
rate into the plant tissue is secretion of enzymes for
plant cell wall degradation, such as pectinases, cellu-
lases, and proteases [7]. The pectolytic activity of K.
oxytoca was documented by von Reisen [8, 9}

The objectives of this study were to determine
how penetration of diazotrophic klebsiellac into the
plant interior is related to the production of pectate
lyase activity.

Materials and Methods. Bacterial strains used in
this study are listed in Table |l. Media for bacterial
growth: aminopeptide (AMP) (8. Petersburg, Russia),
a minimal medium M9 [11}, a nitrogen-free medium



ENCHANCING TNE PLANT COLONIZATION WITH BACTERIA

(NFDM) [l], a medium for seeds germination [12].
Antibiotics were added when appropriate, kanamycin
(Km), 100 pg/ml, and rifampicin (Rf), 100 ug/ml.
Carboxymethylceilulose (CMC) and sodium polyga-
lacturonate were used at concentration 0.29%. Glyce-
rol (0.1 %), yeast extract (0.1 %), and thiamin
(20 mg/1) were added to M9 when appropriate.

The saturated solution of copper acetate was used
for the pectate lyase activity determination. 0.1 %
solutions of Congo red, crystal violet, were used for
enzyme actlivity tests.

Detection of the acetylene reductase (nitrogenase)
activity (ARA) was performed as described by Kordy-
um et al. [1] in nitrogen fixation deficient medium
containing different carbon sources.

Seeds of wheat (Triticum durum), variety «Katy-
usha», were used in laboratory experiments.

Table 1
Bacterial strains

Phenoiype or

Bacterial strains
genolupe

Spurce or reference

K. oxytoca wit ATCC

ATCC13183

K. oxytoca M5al wit University of Bayreuth
(FRG)

K. oxytoca UBM239 Amx” [10]

K oxytoca VN13 Rf Laboratory collection

K. planticola wt ATCC

ATCC33531

K. planticola 9 wt Ail-Russian Inst. for
Agricuitural Microbiology

K terrigena 80-07 wt Uzhgorod Universtty

K sp. UK-7 wt Laboratory collection

K sp. UK-48 wit Laboratory collection

K sp. UK-19 wt Laboratory collection

K sp. YN131 wt Laboratory collection

K sp. YN134 wit Laboratory collection

K preumoniae — Inst. for Applied

JAMI235] Microbiology (Japan)

K. pneumoniae wt ATCC

ATCC13883

E. carotovora 8659 wit Inst. Microbiology and

Virology NASU (Kyiv)

Escherichia coli rec Al, thi-, Laboratory collection

IM109 Rf

Footnote: wt — wild type; Amx" — ammonium excretion positive;
thi — thiamin-deficiency; Rl —rifampicin resistance.

Seeds sterilization was carried out with the «Be-
lizna» reagent (Kyiv) 10 min and washed off 10 times
with a sterile water,

Tnoculations of seeds with a washed bacterial
suspension (10° cfu/ml) were performed, using the
surface sterilized seeds. The inoculated seeds were
put on a wet sterile paper in Petri dishes. Control
seeds were wet with sterile water. Paper filters
maintained moist with N, C-free medium for seeds
germination [12]. Inoculated seedlings were grown at
room temperature and under natural light.

Reisolation of bacteria from the root interior of
2-week old seedlings was performed after 2 min
sterilization of 50 mg root samples with the reagent
«Belizna» (Kyiv), repeated washing with steril water,
and mincing them in sterile pots. The minced plant
tissue was spread on selective agar with appropriate
dilutions.

Detection of CM-cellulase (endoglucanase) acti-
vity on agar plates was performed using the Congo red
technique: the dye forms a deep pink complex with
the f-glucan substrate (CMC) leaving clear halos
around active colonies [13]. CM-cellulase activity was
measured in uncentrifuged cultured samples by deter-
mining the amount of reducing sugars, released from
CMC, by the o-toluidine procedure [14}. 0.5 ml of
appropriate sample was added to 2.5 ml of the
o-toluidine reagent and incubated at 37 °C for 15
min, then samples were chilled to stop the reaction
and to measure optical density at 1 =640 om. One
unit of activity is defined as the amount of enzyme
catalyzing the release of 1 mM glucose per min.

Peciolytic activity was ecvaluated with plating
technique described by Cuppels and Kelman {15}
Crystal violet PG containing medium was used to test
bacteria for excretion of pectate degrading enzymes
and thus formation of blue-green halos aroun colonies
and indentation of the mediunt.

Detection of pectate lyase activity was performed
on M9 agar plates supplemented with PG alone or
PG, yeast extract and glycerol. Clones of bacteria
were replicated on the same medium, and after 16 h
of incubation at 30 °C, one set of the plates was
flooded with a saturated solution of copper acetate.
Patches of bacteria, secreting PL into the medium,
were surrounded by halos [15 ).

Detection of Pel -phenotype in a M-concentration
state was performed using washed cultures which
were grown overnight in selective M9 + PG medium,
concentrated to 6.0 - 10° cfu/ml (1 =600 nm), and
inoculated in non-selective medium M9 + glucose. Du-
ring an 8h period the optical density was checked and
aliquots were spread on selective and non-selective
plates.
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Pectate lyase activity assay was carried out as
described by Starr et al. [16] with modifications. Pel
activity was tested in cell-free extract of overnight
culture, and total activity was estimated in the cell
lysate. For assay of Pel activity the reaction mixture
(3 ml) contained: 0.2 % PG, 0.3 mM CaClL, 0.1 M
tris-HC1 buffer (pH 8.5), 300 ul of the culture
sample. The rate of reaction was measured at 37 °C
at 230 nm, using Specord (Germany). One unit of Pel
activity is defined as the amount of Pel that produces
a change in absorbancy at 37 °C of 1.0 at 235 nm.
The specific Pel activity was expressed in terms of
enzyme units per absorbancy of culture at 600 nm.

Selection of Pel' (pectate lyase-excreting) clones
was carried out on M9 agar medium where 0.2 % PG
used as the only carbon source. Bacteria were in-
cubated on that medium during 3—4 days at 37 °C.

Detection of the ability fo macerate the potato
discs tissue was performed with K. oxytoca VNI3
Pel -clones and the parental strain. Potato disks were
surface sterilized as desribed above. The bacterial
suspension (10° c¢fu/ml) was dropped on disks and
incubated at 37 °C 3 days.

Statistical analysis was performed using the Sig-
ma Piot software. Standard deviations were calculated
for each data point. .

Results. Detection of CM-cellulase (endogluca-
nase) and pectinase (pectate lyase)} activity of the
selected Klebsiella strains. The bacteria listed above
were checked for the presence of CM-cellulase and
pectinase activity. K. oxyfoca, K. terrigena, and K.
preumoniage and new diazotrophic isolates from ma-
ize, identified as Klebsiella sp., formed 2—10 mm
halos around colonies when grew on CMC-agar.
However, endoglucanase activity estimated on redu-
ced aldehyde groups could not be detected. Strains of
K. planticola did not grow on CMC-medium.

Only representatives of K. pneumoniae grew well
in the M9 minimal agar medium supplemented with
0.2 % PG as the only carbon source and formed halos
around colonies after flooding respective agar plates
with copper acetate solution, indicating lyase activity.
Other species of bacteria grew very slowly in PG-
containing medivm, however, K. oxytoca and K.
terrigena displayed halos in contrast to K. planficola.

When yeast extract (0.5 %) had been added to
the medium containing PG, diazotrophic bacteria
started to grow, but they did not develop halos after
exposure to the copper acetate reagent, demonstrating
no or poor Pel-activity outside cells.

Selection and characterization of Pel (pectate
lyase-excreting) clones. Incubating K. oxyfoca and K.
terrigena bacteria in M9 + PG without agar resulted in
a slow growth rate, and after 3—4 days 10° 10 10°
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cfu/ml were isolated on M9 + PG plates. These clones
left halos around colonies, thus exhibiting Pel activity,
Selected clones (Pel’) grew well (10° cfu/ml) in M9 +
+ PG, and all cells possessed the Pel -phenotype, as
revealed by the calculation of cells in parallel on
sclective and non-selective plates. However, after a
passage in a medium containing another carbon
source (glucose, sucrose, glycerol, yeast extract) than
PG, the Pel activity returned to the level of a wild
type. Some fraction of the cells ( 10™° to 107 retained
the Pel-phenotype, but the rest switched off PG
utilization.

In the state of M-concentration when bacteria do
not multiply and concentation of cells in population is
stable (6-10° cfu/ml), the numbers of the Pel'-cells
grown under both selective and non-selective con-
ditions were the same. So in non-seleclive conditions
not all cells of the population changed their status,
and the Pel-phenotype has been maintained while
cells did not divide.

Theinvitropectate lyase activi-
tyof K oxytoca VNI3 Pel. Derepression and
repression of Pel activities of K. oxyfoca VN13, the
parental type, along with a K. oxytoca VN13 Pel
clone were investigated after growth in M9 sup-
plemented with different carbon sources. The activity
was measured both in the cellular supernatant and in
the cell lysate. As seen in Table 2, total activity
(extra- and intracellular fraction) of K. oxyfoca VN13
wild type was small, as expected. The Pel -clone
demonstrated a 3-fold higher Pel activity rate in state
of derepression, and showed repression of the activity
by glycerol and glucose. Interestingly, more Pel
activity is located inside cells of K. oxytoca VN13 Pel’
than outside. E. carotovora 8655 served as positive
control.

The acetylene reductase acti-
vity of K. oxytoca VNI13 Pel’. The ARA of Pel-
clones has been measured when bacteria were incu-
bated in different conditions: in NFDM-nitrogen
deficient medium, containing 1.5 % sucrose; NFDMI1
where sucrose was substituted with 0.2 % PG, in
NFDM2, containing 1.5 % PG. Pel-clones reduced
acetylene in all media, but the parental type did not
develop ARA in NFDM1 and NFDM2 where sucrose
was substituted with PG. The ratc of ARA of Pel'-
clones was higher in NDFM with PG as a carbon
source. The rate of ARA of Pel'-clones was 3-fold
higher than that of the wild type when bacteria grew
in NFDM (data not shown).

Effect Pel' K. oxytoca VN13 on gro -
wth of wheat seedlings. K oxyoca
VN13 Pel” was used in wheat inoculating experiments
in parallel with the wild type. Inoculated seeds (and
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Table 2
Pectate lyase activity of Klebsiella oxytoca VNI3
Strain Medium Telal PL activity PL activity in
medium
K. oxytoca PG 0.328 0.011
VN13 Pel’
PG + glycerol 0.075 0.016
Glycerol 0.010 0.000
Glucose 0.002 0.000
K. oxytoca PG 0.113 0.003
VN13, wt
PG + glycerol 0.253 0.002
Glycerol 0.003 0.000
Glucose 0.000 0.000
E. caretovora PG 1.030 0.320
8659
PG + glycerol 0.400 0.100
Glycerol 0.043 0.009
Glucose 0.046 0.005
Table 3

Number of bacteria isolated from the surface sterilized wheat
seedling roots, cfulg

Sample ] AMP I M9 + PG [ LR , M9 + PG
Pef 29E+4 31E+4 B87JE+4 14E+6
wi 29E+3 28E+3 31E+7 1.OE+7

control seeds rinsed with sterile water) were ger-
minated in dishes on moist paper filters. Two and
three weck-old seedlings bacterial sirains displayed a
positive cffect on the plant growth., Height of shoots
and length of roots of wheat seedlings treated with
Pel'-cells, however, were more pronounced and cor-
related with the inceased biomass of seedlings (Figu-
red.

Reisolation of K oxyfoca VN13 Pel'
from the wheat root interior.
Reisolation of Pel -clones and wild type of K. oxyfoca
VN13 from wheat seedlings grown in N, C-free
medium on paper filters revealed that Pel -clones

penetrated into the root interior 10-fold more ecffi-
ciently than wild type (Table 3).

Number of bacteria of both variants (Pel" or wt)
isolated from the surface sterilized wheat root interior
was the same on selective (PG) or nonselective agar.

Testing K. oxytoca VNI3 Pel ' potato
tissue maceration Taking into account
the difference in excreting PL between Pel” and wild
type K. oxytoca VN13 it was expected that the potato
tissue maceration proceeded differently. However, we
did not observe any changes on the surface of the
potato disks in oculating the latter with suspension of
Pel'-clones or wild type and incubating it during a
3-day period.

Discussion. Qur previous findings revealed that
K. oxytoca VN13 survived well during the vegetative
period of the plant-host due to it’s ecological niche in
the plant tissue. The rate of Klebsiella internal
colonization was not high (1.0 E+3 cfu/fw g,
nothing was known about both role of bacteria located
inside tissue and average bacterial cell densities in the
plant interior. Endophytic populations of bacteria,
colonizing the plant, could play a crucial role in plant
growth and development. Endophytes may protect the
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ptant-hosts from infection by soil pathogenic micro-
organisms, stimulating the plant immunity. Moreover,
endophytes could provide the plant with biologically
active substances. Finally, the advantage for endo-
phytes compared to soil bacteria may lay in their
capability to preserve a minimal population in the
plant tissue, which may serve as a permanent source
for external colonization.

It might be postulated that the effect of endo-
phytes on plants depends on the optimal density of
internal population. However, nothing is known about
possible mechanisms of Klebsiella interaction with the
plant which may regulate number of bacteria inside
the tissue. Recent years extracellular cell wall degra-
ding enzymes are discussed as clicitors in the infec-
tion process of nonpathogenic endophytes [17—20].
The pectolytic activity in K. oxytoca was documented
by von Reisen [8, 9]. Starr et al. [16] confirmed von
Reisen’s findings and showed that pectolytic Kleb
siella possessed pectin lyase and polygalacturonase
activities. Chatterice et al. [21] revealed that K.
oxytoca excreted only a very small proportion of these
enzymes into the growth medium. According to the
cell wall degradation in sites, harboring K. oxytoca
VNI13 and K. terrigena 80—07 in rice [2] and wheat
{22}, we observed and expected pectinases and cellu-
lasaes to take part in entering the plant tissue.

Screening different bacteria of Klebsiella genus
for pectinase and cellulase activity revealed the hete-
rogeneity of species with respect 1o these characters.
K. oxytoca, K. terrigena and K. pneumoniae revealed
the capability to utilize PG and the only carbon
source, in contrast with K. planticola.

In our experiments pectate lyase activity of K.
oxyloca strains was wcak as expected from previous
findings of Starr et al. {16] and Chatterjee et al.
[21], and it was located mainly inside the cells of
bacteria. The low Pel activity may be explained by
low numbers of Pel-expressing cells in population
(10" to 10™). After a passage in selective medium,
containing PG, all cells turn out to be Pef’, and the
total Pel activity in the K. oxytoca population in-
creased.

The increased level of Pel-activity of K. oxyloca
VNI13 correlated with a higher rate of internal colo-
nization of wheat roots. The higher number of cells
inside the wheat root interior ¢10* cfu/fw g ) did not
cause pathological changes in th tissue and the Pel'-
strains did not macerate potato tubers. Cells reco-
vered from the plant roots were Pel’, even if seeds
were infected by wild type of bacterium. This means
that cither only cells, recognising and depolymerising
pectin, peneirated and spread in the plant tissue, or
they became «PG-competents in the plant interior.
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The increased level of Pel activity of K. oxyfoca
VN13 correlated also with better effect on the wheat
growth, Seedlings inoculated with Pel -culture exhi-
bited better development, at least during 2 week
period of growth.
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I Koemynosuy, O. Jiap, B. Kopdwm, A Knaeinep,
H. Kozupoacexa

IocuneHHa BRYTPIIHEOT XKOAOHIZauil pocanH aszoTdikcyuMMH
bakrepismMu

Peaiome

Hexinexa wmamia Klebsiella oxytoca ma K. terrigena, 3damhux
KONOKIZYEAMU POCAUNHE 3cepeduru, Sudinaiu nexmam niaiy
(1) — pepmenm, axui 0enonimepuiyc KAimunhy cminky. Ak-
mugshicme [IJ 6yaa nuxkuorwo, wix y himonamocernux baxmepia, i
3ocepedxysanacs scggeduni xaimun. Heseauka kiavkicme Kaimuu
nonyasuil {10 t'—]0 ) CRPOMOXHA POCHU MA CCACKIIUGHOMY CE-
pedosuwi 3 nonicaraxmyporatmiom nampiro (II5), skuie euxopu-
cmosysanu ax Oxepeao syeacuyo. flican nacaxy qepes ceackriuame
cepedoeuue aci Kaimunu nabysaru Pel -genomuny, | 3aearvua
[TT-axkmuenicms K. oxyfoca 3pocmana  Hideuwena I/T-axmue-
nicmey baxmepiu K. oxytoca ma K. ferrigeng xopeaosand 3 ROCUAEN-
nam ¥ 10 pasis snympiwHeol xonoMizayil xopenic nwenuyi. Kyre-
mypa bGakmepil, aKQ SUPOCMAAd & CCACKMUBHOMY cepedoduiyi 3
IIT, kpawe cmumynosara po3sumor nueniuyl, wo NpoAGRinocs y
3biabwenni B Biomacu, HiX KYAbMYpa, IpOUeHa De3 ceaexyil.

I Kogamywnoeuy, E. Jdap, B. Kopowm, [. Kreiinep,
H. Koawipoackas

YeouneHue BHYTPEHHEN KONOHMIALMK PACTEHHA a30THUKCHPYIOLLH-
MK BaxTepHaMu

Peatome

¥ Heckoabkux u3ynwenublx  wmammos Klebsiella oxytoca u K
terrigena, CROCOBHLIX KOROHWIUPOSAML PACNICHUA W3HYMpu, O0HAa-
PYKeHa aKMusHOCMs nekmam auaszel (1174) — depmenma, xomo-
ol denonumepusyem Kaemounyo cimenky. Axmusrnocmo L7 boina
HuXxe, e y Qumonamocexnulx Oaxmepuid, u  coCpedomodcHa
euy[rgpu KAEMKL. Toabko Heboavwas wacmb NONYAAUUM KaemoK
(10 "—-10 7 ) cnocobra pacmiu HA CEREXMUBHOE CPEOE € NOAUZANAK~
MYPORAMOM, K'Om()pblﬂ HCAOALIOBAAN 8 KAUCCMBE HCMOHHUKA Yi-
nepoda, focre Haceaxa 4epes CenCKMmuenyro cpedy ace KACMK
npuobpemaom Pel -genomun, u npu smom obwan I1JI-axkmus-
noceme Ko oxytoca u Ko terrigena  aospacmaem. TTogsnuennas
T H-axmugnocnio Saxkmepuild KOppeauposaia ¢ yycurenuesm 6 10 pas
Guympennell Koaonudaytu Kophel nuienuybl Kynsmypa Oaxmepui
K. oxytoca VNI3, ewipociuas 8 CerexmusHbiX YCA0GUAX, AYyMiue
CMUMYAUPOBANA PAIGUMUE MIUEHUUbL, HINMO NPOABARAOCE G YECAUHE-
Hul e¢ BuomacceL

REFERENCES

1. Kordyum V., Kozyrovska N., Gun'kovska N. The theoretical
basis and experimental construction of new-type nitrogen fixers
able to grow and fix the atmospheric nitrogen in non-legumes
// Biopolymery i kletka.—1986.—2.—P. 227—239.

2. Nguyen T., Ton T., Tarasenko V., Kozyrovska N. Nitrogen-



ENCHANCING TNE PLANT COLONIZATION WITH BACTERIA

13.

14.

fixing bacteria colonize the rice root xyiem // Biopolymery i
kletka.—1989.—5.—P. 97—99,

. Belyavska N. A., Kozyrovska N. O., Kucherenko L. A,

Kordyum E. L., Kordyum V. A. Interrelations of Klebsiella
with the plant. 1. Electron-microscopy analysis of interaction of
the endophytic microorganisms with rice seedling roots //
Biopolymery i kletka.—1995.—11.—P. 55—61,

. Kozyrovska N., Makitruk V., Ruckdashell E. Nitrogen-fixing

Klebsiella species produce indole-3-acetic acid // Biopolymery
i kletka.—1990.—6.—P. 93—96.

. Kozyrovska N., Alexeyev M., Kovtunovych G., Gun'kovska N.,

Kordyum V. Survival of Kiebsiella oxytoca VN13 engineered 1o
bioluminescence on barfey roots during plant vegetation //
Microb. Releases. —1994.—2.—P. 261 —265.

. Huang J. Ultrastructure of bacterial penetration in plants //

Annu. Rev. Phytopathol.—[986.—24.--P. 14]-—157.

. Starr M. P., Chatteriee A. K. The genus Erwinia: enterobac-

teria pathogenic for plants and animals // Annu. Rev. Micro-
biol. —1972.—26.—P. 389—426.

. Von Reisen V. L. Polypectate digestion by Yersinia // J. Clin.

Microbiol.—1975.—2.—P. 552—553.

. Yon Reisen V. L. Pectinolytic, indole-positive strains of Kleb-

siefla pneumonige // Int. J. Syst. Bacteriol. —1976.—26.—
P. 143—145.

. Kuczius T., Kleiner D. Ammonia-excreting mutanis of Klebsiel-

la preumoniae with a pleiotropic defect in nitrogen metabolism
// Arch. Microbiol. —1997.—166.—P. 388—393.

. Miller J. H. Experiments in molecular genetice. —New York:

Cold Spring Harbor Lab. publ., 1972.—P. 431

. Neuer G., Kronenberg A., Bothe H. Denitrification and nitro-

gen fixation by Azospirillum. TI1. Properties of a wheat-
Azospirillum association // Arch. Microbiol.—1985.—141.—
P. 354—370.

Wood P. J. The use of dye-polysaccharide interactions in
B-D-glucanase assay // Carbohydr. Res.—1981.—94.—
P. 19—23.

Ghose T., Montenecourt B. S., Eveleigh D. E. Measure of

15.

16.

17,

19.

20.

21.

22.

cellulase activity (substrates, activities and recommendations)
// Preprint of JUP AC Commission on Biotechnology, 1981.
Cuppels D., Kelman A. Evaluation of selective media for
isolation of soft-rot bacteria from scil and plant tissue //
Phytopathology.—1973.—64.—P. 468—475.

Starr M. P., Charterjee A. K., Starr P. B., Buhanan G. E.
Enzymatic degradation of polygalacturonic acid by Yersinia
and Klebsiella species in relation to clinical laboratory proce-
dures // J. Clin. Microbiol.—1977.—6.—P. 379—386.
Reinhold-Hurek B., Hurek T. Capacity of Azoarcus // New
horizons in nitrogen fixation: Proc. %th Int. Congr. Nitrogen
Fixation (6—12 December 1992, Cancun) / Eds R. Palasios,
J. Mora and W. E. Newton.—Mexico; Kluwer; Dordrecht,
1992.—P. 671-675.

. Reinhold-Hurek B., Hurek T., Clacyssens M., van Montagu

M. Cloning, expression in Escherichiea coli, and charac-
terization of cellulolytic enzymes of Azoarcus sp., a root-invad-
ing diazotroph // J. Bacieriol.—1993.—175.—P. 7056-—7065.
Shishido M., Loeb B. M., Chanway C. P. External and internal
root colonization of logepole pine seedlings by two growth-
promoting Bacillus strains originated from different root micro-
sites // Can. J. Microbiol.—41.—1995.—P, 709—713.
Quadt-Hallmann A., Benhamou N., Kloepper J. W. Bacterial
endophytes in cotton: mechanisms of entering the plant // Can.
J. Microbiol.—t997.--43.—P. 577—582.
Chatterjee A. K., Buchanan G. E., Behrens M. K., Starr M.
P. Synthesis and excretion of polygalacturcnic acid trans-
eliminase in Erwinia, Yersinia, and Klebsiella species // Can.
J. Microbiol.—1979.—25.—P. 94—102.
Petak H., Kovtunovych G., Turyanitsa A., Kozyrovska N.,
Kordyum V. Interrelations of bacteria of Klebsiella genus with
the plant. 2. Location of Klebsiella oxytoca and K. terrigena in
tabacco and wheat // Biopolymery i kletka.—1995.—11,
N 6.—P, 75—80.

YK 576.851.155

Received 02.05.98

305



