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MICROBE-PLANT INTERACTIONS BETWEEN STREPTOMYCES AND MODEL
AGRICULTURAL PLANTS — HORDEUM VULGARE AND LYCOPERSICON ESCULENTUM
(MICROTOM)

Aim. Microbe-plant interactions (MPI) con-
stitute an important aspect of ecology because of
their significant influence on plant’s ability to with-
stand abiotic stress and infection. In comparison to
proteobacteria and bacilli, the roles of streptomy-
cetes in MPI remain poorly studied. Here, we elu-
cidate some aspects of MPI between two model
plant species, Hordeum vulgare and Lycopersicon
esculentum, and several strains of Streptomyces
lividans 1326 and S. ghanaensis ATCC14672.
Methods. Microbiology, microscopy and molecular
genetics were combined to reveal the MPI. Results.
We demonstrate the colonization of H. vulgare and
L. esculentum roots by different strains of
S. ghanaensis deficient in production of either the
antibiotic moenomycin or signaling molecule of the
v-butyrolactone type. The treatment of H. vulgare
seeds with S. lividans spores increased the root
biomass. Plants treated with 1,4-butyrolactone had
no positive influence on plants, at milimolar con-
centrations this compound inhibited the root and
shoot growth of L. esculentum. Conclusions. Roots
of two mono- and dicot plants are colonized by
Streptomyces; reporter gene uidA is useful to moni-
tor the colonization. Under our experimental condi-
tions the ability to colonize plants by streptomy-
cetes was not affected by the deficiency in antibiot-
ic or butenolide production.

Keywords: Streptomyces ghanaensis, moe-
nomycinA, low-molecular weight signal com-
pounds, root colonization.

Members of the actinobacterial genus Strep-
tomyces, as soil dwellers, are imprescriptible con-
stituents of ecosystems. They excrete hydrolytic
enzymes and bioactive compounds displaying vari-
ous activities, including (but not limited to) metal-

chelating, antibacterial and antifungal ones [1].
Through production of these substances streptomy-
cetes can promote plant growth, facilitate roots
colonization by nodule-forming bacteria and protect
plants against phytopathogens [2-7]. Although
ubiquity of streptomycetes in soil and rhizosphere
is well-documented, there is little data on how sec-
ondary metabolism of the former shapes their abi-
lity to colonize plants. Most of Streptomyces-
centered research has been done on model plant
Arabidopsis thaliana. Particularly, colonization of
A. thaliana roots by Streptomyces lividans was
shown to provide protection of the former against
fungal infection [8]. Recently A. thaliana coloniza-
tion by endophytic streptomycetes has been repor-
ted as well as their responses to plant hormones [9].
These and other studies support the assumption that
Streptomyces spp. can be important players in plant
ecology.

In our work we decided to depart from stu-
dies on A. thaliana and focus on interaction of
Streptomyces with agriculturally important plants.
Particularly, monocot Hordeum vulgare and dicot
Lycopersicon esculentum (Microtom) have been
chosen. As bacterial partners we picked S. lividans
strains because of proven ability to colonize plant
roots. S. ghanaensis has also been included in the
study; a collection of mutants for this species is
available allowing us to address the roles of sec-
ondary metabolites in interactions with plants. The
research was focused on three topics. First, we
wanted to demonstrate that the streptomycetes un-
der study indeed colonize plant roots and are able to
produce antibiotics in situ. Second, effects of Strep-
tomyces on plant growth were studied under differ-
ent experimental setups. Third, we studied whether
streptomycetes hormones of butenolide type, either
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endogenously produced or artificially added, affect
plants. The last research line was prompted by the
fact that the root colonization intensity and patho-
gen inhibition by several non-streptomycetes de-
pend on the production of low-molecular weight
signaling compounds, LMWSC [10]. Butyrolac-
tones and butenolides in streptomycetes are essen-
tial for secondary metabolism and morphogenesis
[11, 12], yet their influence on other bacteria or
plants was not studied.

Materials and methods

We used wild type moenomycin A (MmA)
producer Streptomyces ghanaensis ATCCL14672
and its derivatives d_aco and OB21e. In the d_aco
mutant a key gene, acog, (ssfg_07849), for buteno-
lide production is disrupted; in OB21e deletion of
moeGT1 glycosyltransferase gene completely
blocks MmA production [13]. Wild type S. lividans
1326 and its butyrolactone-deficient scbA-mutant
were chosen as positive control for root coloniza-
tion [8]. Agriculturally important mono- and dico-
tyledonous plants, Hordeum vulgare L. cv Barke
(Josef Breun GdbR, Herzogenaurach, Germany)
and Lycopersicon esculentum Mill cv MicroTom
(Bruno Nebelung GmbH, Everswinkel, Germany),
respectively, were used. Prior to bacterial inocula-
tion, the seeds were surface-sterilized as described
in [10]. Briefly, after 2-3 days of germination on
oatmeal agar plates at 30 °C, the seeds were washed
and incubated in either 3 mL of Streptomyces spore
suspension (2,5x10° spores/ml) or 3 mL of 48-h
liquid culture broth (OD=0,7) for 1-1,5 h [8]. The
treated seeds were placed into sterile quartz sand or

soil with mineral media (Hoagland’s salt). The
plants were incubated under 14 h light, 25°C/10 h
dark, 20°C cycles and 70 % relative humidity [10].
For biometric analyses, two-weeks-old plants were
washed from the sand, weight and length of wet
shoots and roots were determined (overall we ana-
lyzed 36 plants, 6 plants for each strain). The statis-
tical analysis of obtained data was carried out using
Sigma Plot (t-test, ANOVA). The root colonization
was studied using an established fluoresent in situ
hybridization coupled to light scanning microscopy
(FISH-LSM) approach [8].

Results and discussion

In this work we pursued several research di-
rections. First, we tested different approaches to-
wards visualization of MPI. Second, we studied the
possibility that secondary metabolism of strepto-
mycetes influence the efficiency of MPI. Third, we
explored the influence of model butyrolactone on
plant growth parameters. Below we describe our
results along these four research lines and discuss
the most promising future research directions.

Plant colonization, as portrayed by FISH-
LSM and reporter beta-glucuronidase gene. All
S. ghanaensis and S. lividans strains colonized root
surface of H. vulgare and L. esculentum (Fig. 1).
The hybridization signals were mainly located on
root hairs. In comparison to mycelial suspensions
of S. ghanaensis (grown in tryptic soy broth), spore
inoculations (harvested from oatmeal agar) pro-
vided more extensive colonization of H. vulgare
roots.

Fig. 1. FISH-LSM-screening of H. vulgare and L. esculentum roots colonization by S. ghanaensis and
S. lividans: A — S. ghanaensis ATCC14672 mycelium on H. vulgare root hairs; B — S. ghanaensis ATCC14672
mycelium on L. esculentum root surface; C — S. lividans M707 mycelium on H. vulgare roots. Pink and blue-violet
coloration is a result of fluorescence of two probes — CySEUBMix and Cy3HGC69 — owing to overlap of red and green

light filters.
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As FISH-LSM is time-consuming, requires
expensive reagents and equipment, we therefore
explored the possibility to use a Streptomyces co-
don-adapted B-glucuronidase reporter gene [14] as
a faster and simpler way to detect Streptomyces
mycelia in situ. For this purpose reporter plasmid
pmoeES5script was used where uidA is fused to Ad-
pA-regulated promoter of hexoisomerase gene
moeES5 involved in MmA biosynthesis [15].

An expression of glucuronidase activity from
this promoter would therefore be an indicative of
MmA production. The reporter plasmid was trans-
ferred conjugally from E. coli ET12567 (pUZ8002)
into S. ghanaensis strains and spore suspensions of
pmoeESscript” transconjugants were used to inocu-
late plant seeds. Expression of the reporter gene
was visualized by soaking the roots in a 2 mM solu-
tion of 5-Br-4-Cl-3-indolyl glucuronide (X-Gluc).
Plant roots of H. vulgare and L. esculentum treated
with spores of three reporter-containing strains
(wild type, d_aco, OB21e) turned blue upon appli-
cation of X-Gluc solution. Two observations at-
tracted our attention. First, OB21e strain, deficient
in MmA production, colonized the root surface in a
patchy pattern, leading to a mix of colorless and
blue-colored root areas (Fig. 2). Perhaps, absence
of MmA affects the interaction between the plant
and OB21e.

Second, wild type S. ghanaensis colonized
the H. vulgare roots as well as the d_aco strain did,;
colonization of L. esculentum roots by the afore-
mentioned strains was less intense as compared to
H. vulgare colonization. These results were repro-
ducible in three independent experiments.

Influence of streptomycetes and simple
butyrolactone analogue on plant growth
parameters. S. lividans 1326 and scbA strains
promoted the growth of H. vulgare in an axenic
system, but not in soil, while S. ghanaensis strains
affected H. vulgare and L. esculentum biometric
parameters under neither condition. In case of
S. lividans 1326 and M707, the biomass increase
was observed for roots (Fig. 3). Lycopersicon-based
experiments revealed no plant growth-promoting
activity of Streptomyces.

Bacterial hormones can affect the plant
growth as well as inhibit the development of phyto-
pathogens. The simplest analogue of streptomy-
cetes butyrolactones, 1,4-butyrolactone, is known
to stimulate the antibiotic production in S. hygros-
copicus [16]. In micromolar and low milimolar
concentrations this chemical influenced neither
MmA production by S. ghanaensis nor plant
growth. However, at 10 mM it inhibited the shoot
and root elongation of L. esculentum.

Fig. 2. Glucuronidase screening of H. vulgae (A, B, C) and L. esculntum (D, E, F) roots colonization by

S. ghanaensis strains: A, D — wild type; B, E — d_aco; C, F — OB21E. A blue coloration of root surface is a result of the
hydrolysis of X-Gluc to indigo by B-glucuronidase, which is expressed from a reporter gene in pmoeE5script-carrying
streptomycete strains. The photos represent typical result of three independent experiments.
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Fig. 3. The weight of roots (vertical axis, mg) of H. vulgare plants grown in axenic system from seeds treated

with spore suspension of S. lividans 1326 (2) and S. lividans M707 (3); K (1) — untreated control samples. According to
t-test ANOVA, the difference in the mean values of the treated groups in comparison to control group, is greater than
would be expected by chance (p=0,996 and p=0,991, respectively); m (K)=8,177; m (1326)=10,562; m (M707)=8,019.

Conclusions face indirectly implies that antibiotic production

In this work we provided evidence that roots
of two practically valuable mono- and dicot plants
are colonized by Streptomyces species and showed
the utility of reporter gene uidA to monitor the co-
lonization. Secondary metabolism of Streptomyces
is believed to be one of the main factors providing a
competitive advantage for plants in the form of
growth improvement or pathogen suppression [17].
Nevertheless, little evidence exists that streptomy-
cetes indeed are capable of producing antibiotics in
rhizosphere or in planta [18]. In our work we used
a reporter system based on the promoter of the gene
moeE5 essential for initial steps in MmA biosyn-
thesis. The fact that it is “switched on” on root sur-
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MIKPOBHO-POCJIMHHI B3AEMO/IIT MIXK STREPTOMYCES I MOJEJBHUMH
CIJIbCBKOTOCIIOJAPCBKUMHM POCJIMHAMU - HORDEUM VULGARE 1 LYCOPERSICON
ESCULENTUM (MICROTOM)

Mema. MixpoOHo-pociuHHI B3aemonii (MPB) — BaxmuBuil eKONOTiYHAN acTeKT, YHACTIIOK iXHBOTO CYTTEBOTO BIUTHBY
HA 3/IaTHICTH POCIHH MPOTHUCTOATH abioTHUHY cTpecy Ta iHdekmii. [lopiBHAHO 3 MpoTeobaKkTepissMH i OaIiIamMu, poib
cTpenToMmirietiB y MPB 3anumaersest ¢abo BUBUCHO. Y il poOOTI MU BHUCBITIMIM ACSKI aclICKTH B3aEMOJIT JBOX
MojenpHUX BHAIB pocmuH, Hordeum vulgare i Lycopersicon esculentum, ta ximekox mramis Streptomyces lividans
1326 i S. ghanaensis ATCC14672. Memoou. Byio moeaHaHo MikpoOioioTiuHi, MIKPOCKOIIYHI Ta MOJIEKYJSIPHO-
TeHeTHYHI Tiaxoau juis BusisieHHs MPB. Pezyasmamu. Tlokasano kononisariiro kopenis H. vulgare i L. esculentum
mrtamMamu S. ghanaensis — IMKOro TUITY Ta MYTaHTIB 3 MOIIKO/PKEHO MPOAYKLIEI0 MOCHOMIIIMHY a00 CUTHANBHOT CHO-
nyku y-OytuponaktonHoro tumy. O6poOka HacinHa H. vulgare cycmensiero crnop S. lividans Buknmkana 3pocTaHHs
6iomacu kopeHns. Pocimau, 06pobiteHi 1,4-0yTHpOIaKTOHOM, HE BiIPi3HUTUCS 32 MOP()OMETPHIHIMHA TTOKa3HUKAMH Bif
KoHTpOito. OHAK, y MUTIMOJSIPHUX KOHIICHTPAITISIX 1151 CIIOJyKa TPUTHITyBaia picT KopeHis i marouis L. esculentum.
Bucnoexu. KopeHi ojHO- Ta BOJONBHUX POCIHMH KOJIOHI3YIOThCs OakTepisMu poay Streptomyces; pernopTepHuil ren
UIdA KOpHCHHI TSI MOHITOPHHTY CTPENTOMIIIETa Ha POCIHHI. 3a BUKOPUCTAHUX YMOB 3/IaTHICTH JI0 KOJOHI3aIlil poc-
JIMH CTPETITOMIlIETaMH He 3aJieKalia BiJl MPOIYyKIlii OCTAaHHIMU aHTHOIOTHKIB YK OyTEHOMIY.

Knrouosi cnoea: Streptomyces ghanaensis, moeHoMinmH A, HH3BKOMOJICKYISIPHI CHTHANBHI MOJEKYJIH, KOJIOHI3aIlis
KOpEHS.
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