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Abstract. Three newly isolated phages, K1, K2, and C1, specifiéfaricerrhizobia were characterized

by their morphology, host range, rate of adsorption, restriction endonuclease patterns, and DNA molecular

weights. All three phages were classified to the morphological group B of Brad&ip,kdviridaefamily)

on the basis of presence of hexagonal in outline heads and long noncontractile tails. Phages K1, K2, and
C1 are related by host range and restriction endonuclease patterns. The molecular weights of phage DNAs
estimated from restriction enzyme digests were in the range from 64.6 kb to 68.5 kb.

Rhizobiophages are of particular interest because of thisolation of phages.Phages active againgt. cicer rhizobia were
ability of their bacterial hosts to fix nitrogen in symbiosis isolatgd from the rhizosphere_@f. ci(_:er(cicer milkv_etch) in Poland
with leguminous plants. Some of them have transduc©owind the method of Staniewski and Kowalski [L8]. They were
tional ability and may act as vehicles for genetic ex- purified by subsequent plating and picking up from a single plaque.
changes occurring in the soil and also as DNA vectors irElectron microscopy study. Phages for electron microscopy were
genetic engineering. Additionally, the quite narrow SpeCi_negat_ively stgined with 2% (w/v) potassium phosphotungstate as
ficity of rhizobiophages allows to use them as markers irescriped earlier [13].

ecological studies. Rhizobiophages are typical DNA phagesytic specificity. Lytic specificities were determined according to the
with polyhedral (isometric or oblate) head and generally longmethod of Adams [3].

contractile or noncontractile tails; however phages with shortactivation of phage. Phage propagated on its native bacterial host
tails were also found [1]. Up to now, the morphology and and diluted to 3~ 5 x 10° plague-forming units (PFU)/ml was mixed
some properties of phages active agdRiszobium legumino-  with an equal volume of bacterial cells in SM buffer¥510° bacterial
sarum bv. trifolii, viciag phaseoli[5, 17], Sinorhizobium ceIIs/mI) ora Iipopolysaccharide fraction (50 ug_/ml) from thg native
meliloti [13, 17, 19, 20],Mesorhizobium loj16], Bradyrhi- bacterial host suspended in SM buffer. The mixture was incubated

bi . . 111 Bradvrhizobi . without shaking at 30°C for 60 min, then centrifuged and tested for
Zobium Japomcun[ ]’ radyrnizobiumsp. Q.upmuS nonadsorbed phages with native bacterial host as an indicator culture [3]. For

[12], and Mesorhizobium huakui[15] have been de- phage adsorption studies bacteria heated at 100FQ fo were also
scribed. used.

T.he presgnt report des_cr!bes the morphology anqt’reparation of lipopolysaccharide fraction (LPS) from rhizobial
certain biological characteristics of a virulent phages

. ) : “ . strains. LPS was obtained by the method of Westphal and Jann [21].
attacking rhizobia specific fokstragalus cicer

Buffer. SM and Tris-borate buffer was prepared according to Maniatis

Materials and Methods etal. [14].

DNA isolation. Rhizobiophages were propagated on native bacterial
hosts using the double agar layer technique [3]. The phages were pelleted by
means of twice repeated ultracentrifugation at 28,000 rpm for 1 h. Phage
Media and growth conditions. For growth of bacteria and phage DNAs were isolated using the method of Maniatis et al. [14].

propagation liquid, solidified (1.4%) and soft (0.7%) agar media 79
were used [4].

Bacterial strains and phagesBacterial strains and phages used in this
study are listed in Table 1.

Restriction endonuclease digest©ne microgram of DNA was added

to 20 pl of reaction mixture containing buffers specified by the
manufacturers of the restriction enzymes. Digests were analyzed using
horizontal 1% (w/v) agarose gel electrophoresis in Tris-borate buffer.
Correspondence td3. Wdowiak PegGOLD Ladder-mix DNA (PEQLAB Biotechnologie GmbH) was
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Table 1. Bacterial strains and bacteriophages used in this study

Strains and phages

Relevant
characteristics

Source

A. cicerrhizobia
ACMP 9, 18

Mesorhizobium huakuii
38, PI-52, S-52, A-106

B3
Mesorhizobium loti

HAMBI 1129, 1633

NZP 2235

Mesorhizobium ciceri

UPM Ca7

Mesorhizobium mediterra-

neum
CP92

Sinorhizobium meliloti

13,L5-30,L54
sSu47
Sinorhizobium fredii

USDA 1-6, 16-1, 440
R. leguminosarurbv. trifolii

21, 24, 24V
ANU 843

R. leguminosarurbv. viciae

1,2,3,33,36
R. galegae

HAMBI 1141, 1185, 1155

B. japonicum
USDA 110

Bradyrhizobiunsp. Lupi-

nusg
USDA 3045
Phages
K1
K2
C1
H1

Nod Fix* wild type

Nod=ix* wild type
Nod"Fix* wild type

Nod Fix* wild type
NodFix* wild type

Nod*Fix* wild type

Nod Fix™ wild type

Nod Fix* wild type
Nod Fix* wild type

NodFix™ wild type

Nod Fix* wild type
Nod"Fix* wild type

NodFix™ wild type
NotFix* wild type

Nod Fix* wild type

Nod Fix™ wild type

Virulent phage
Virulent phage
Virulent phage
Virulent phage

Matek

Chen
Murooka

Lindstron
Legocki

Normand

Normand

Kowalski
Singer

Chen

Staniewski
Skorupska

Staniewski
Lindstfan

USDA®

Legocki

Matek, Wdowiak
Matek, Wdowiak
Matek, Wdowiak
Matek, Murooka

aUSDA, United States Department of Agriculture, Beltsville, Md.
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majority of rhizobiophages described up to now have
been classified to three morphological groups A, B, and C
according to Bradley's\lyoviridag SiphoviridagPodovi-
ridae families, respectively) with hexagonal outline of
heads and long contractile, long noncontractile and short
tails, respectively [2, 6]. No rhizobiophages with heads
hexagonal in outline and without tails as well as in the
form of long flexible filaments have been described.

Phages K1, K2, and C1 were also submitted to more
detailed studies. Their host range, rate of adsorption, as
well as the size of phage DNA was determined.

The lytic activity of the studied phages was deter-
mined using 33 strains representing four rhizobium
genera Rhizobium SinorhizobiumMesorhizobiumand
Bradyrhizobiun). Phages C1 and K2 lysed three bacterial
strains, i.e., ACMP18-microsymbiont oh. cicer, M.
ciceri UPMCa 7, andM. mediterraneunCP 92 (Table
3). Phage K1 exhibited a broader lytic activity and
besides the native bacterial strain ACMP18 also lyged
ciceri UPMCa 7, M. mediterraneunCP 92,R. galegae
HAMBI 1141, R. galegaeHAMBI 1185, andS. meliloti
13. The sensitivity oM. ciceriandM. mediterraneunto
phages specific fok. cicerrhizobia was not surprising. It
is known that microsymbionts oAstragalussp. are
phenotypically and genotypically closely related Nb
ciceri and M. mediterraneumand belong to the same
genus Mesorhizobium[10]. The plating efficiency of
phage K1, K2, and C1 on native bacterial hosts (ACMP 9,
ACMP 18) was higher than on other rhizobia sensitive to
them and changed from 99.6% to 69.8% (Table 4).
Rhizobium cells killed by temperature (100°C for 60
min) adsorbed phages at a similar level as the viable cells
(Table 4). The adsorption of the studied phages to their
native bacterial hosts was not inhibited by their preincu-
bation with purified lipopolysaccharide fraction, suggest-
ing that LPS was not the cell surface phage receptor (data

used as a standard molecular weight marker. Restriction enzymes wefaOt presented). Little information is currently available
purchased from Fermentas, Lithuania.

Results

Phage K1, K2, and C1 active agaimst cicer rhizobia
were virulent and formed detectable plaques on the hostxopolysacchcarides [7], receptors for phag&1Bgumino-
lawn after 24 h. Plaques were clear with sharp regulasarumbv.trifolii 24SM and phage NM8 lysing. meliloti
edges and an average diameter of 2—3 mm, which did nd111S cells reside in the LPS [8, 9, 22].

increase after longer incubation (data not presented). All

on the mechanism of adsorption of rhizophages onto the
host cells. Barnet and Vincent [6] documented that the
receptor sites for three studied phages were associated
with O-antigen ofR. leguminosarurbv. trifolii . The phages
specific forR. leguminosarurav. viciaehave their receptor in

Our interest also focused on the genetic material of

studied phages had isometric heads and noncontractiléhe studied rhizobiophages, which appeared to be double-
long tails (Fig. 1A, 1B, 1C). Heads & . cicerrhizobi-
ophages were icosahedral, as indicated by the presencea$ in the case of other known rhizobiophages [19, 20].
capsids with hexagonal outlines. The dimensions ofThe restriction endonucleasésdRl, Hindlll, Pst, and

phage heads and tails are given in Table 2. Phages KBal produced numerous DNA fragments separated and
K2, and C1 represent the Bradley’s group B of virusesvisualized by agarose gel electrophoresis (Fig. 2, Fig. 3).
(Siphoviridagfamily) with long, noncontractile tails. The These studies also included phage H1, specificMor

strand DNA sensitive to restriction modification systems
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Fig. 1. A: Electron micrograph of phage K1 negatively
stained with 2% (w/v) potassium phosphotungstate. Bar
indicates 250 nmx165,000). B: Electron micrograph of
phage K2 negatively stained with 2% (w/v) potassium
phosphotungstate. Bar indicates 500 n199,200). C:
Electron micrograph of phage C1 negatively stained with
2% (w/v) potassium phosphotungstate. Bar indicates 250
nm (X162,000).

Table 2. Characteristics of phages specificKocicerrhizobia

Phage Head diameter (nm) Tail lengthwidth (nm) Type of tail DNA size (kb) Bradley’s group
K1 66.7 164.1x 9.49 Noncontractile ~68.5 B Siphoviridag
K2 61.6 146.3x 7.69 Noncontractile ~64.6 B Siphoviridag
C1 69.8 164.0< 7.81 Noncontractile ~65.7 B Siphoviridag

Table 3. Host range of phages specific Aorcicerrhizobia

Phages
Bacterial strain K1 K2 c1 Table 4. Adsorption of rhizobiophages to bacterial cells
ACMP 9 + + + .
ACMP 18 + + + " o bacerilcele
M. mediterraneunCP 92 + + +
M. ciceriUPM Ca 7 + + + Phages Bacterial strains Viable Killed?
S. melilotil3 + - -
R. galegaHAMBI 1185 + - - R. galegaeHAMBI 1141 69.8 63.3
— ~ . R. galegadHAMBI 1185 71.4 71.8
aThe other strains listed in Table 1 were not sensitive to the studied S. melilotiSU 47 73.2 715
rhizobiophages. M. ciceri CP92 90.0 74.05
M. mediterraneuntyPM Ca7 91.95 71.8
. ) ) K2 ACMP 18 94.05 88.93
huakuii [14]. Phage H1 showed entirely different DNA M. ciceri CP92 83.4 83.0
patterns than phages K1, K2 and C1 when digested with M. mediterraneunPM Ca7 82.0 80.2
restriction enzymes (Fig. 2, Fig. 3). Phages K2 and C1¢! ACMP9 99.6 97.57

which showed identical or similar DNA patterns when aBacteria were killed as described in Materials and Methods. LPS

digested withEcoRI and Pst, respectively, seem to be fraction ofA. cicerrhizobia (ACMP 9, ACMP 18) did not inactivate K1,
closely related (Fig. 2, Fig. 3). Summation of the K2 and C1 phages.
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Fig. 2. Agarose gel electrophoregram of phage DNAs digestedRsith
andSal. Lanes b—ePst digests of H1, K1, K2, and C1 phage DNAs. g
Lanes f-iSal digests of DNAs of the same phage, respectively. Lane a
ladder DNA. Fragment sizes in kb are indicated at the left margin.
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Fig. 3. Agarose gel electrophoregram of phage DNAs digested with
EcaRl and Hindlll. Lanes b—eEcaRlI digests of H1, K1, K2, and C1
phage DNAs. Lanes f-indlll digests of DNAs of the same phage,
respectively. Lane Hindlll digests of phage C1. Lane a ladder DNA.
Fragment sizes in kb are indicated at the left margin.
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restriction fragment sizes allowed to estimate the molecu-
lar weights of phage DNAs. They were in the range of
sizes between about 64.6 kb and 68.5 kb (Table 2).

In conclusion we can say that three phages specific
for A. cicerrhizobia are closely related with regard to

host range, morphology, and DNA restriction endonucle—-z.

ase patterns.
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