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AngTRACT. — A yellow bacterial isclate
ohtained from a fire blight canker on
the Jooathan ecultivar was subjected to
the various faxonomic microbiologieal
testa for determiuing its classification.
The yellow isolate was nenpathogenic
to Josathan apple trees. It was gram
negalive, catalage positive, and peri-
trichously flagellated. [t was rod shaped
and ranged from .6 to 0.9 microns in
width and 1.1 to 2.9 microns in length.
The optimum temperature for growth
was 25° O with minimum and maximum
temperatures {or growth at 10° C and
45° (¢, respectively. This bacterium was
nonaeid fast, hydrolyzed gelafin but not
starch, converted nitrate to nitrite, and
produced ammonia but no nitrogen gas.
Indole and hydrogen sulfide festz were
negative. The methyl red-Voges-Pros-
kauer results were variable, Citrate was
able to serve as the sole source of ear-
bon for srowth, The protein patferns
by disc cleetrophoresis showed the yel-
low isolate was distinet {from Erwinie
amylonora and Escherichie cold

MMig vellow isolate appears to belong
in the order Eubacteriales, genuz I
windg, However, since it 1y nonpatho-
genic to Jonallian apple trees, and ahows
a different protein patiern it should not
be considered as belonging to the genud
KErwindg at ihis time,

There hus heen coniroversy among
many workers (Baldwin and Good-
man, 1963 ; Billing and Paker, 1963;
and Goodman, 1965) as to the classi-
fieation of a yellow bacterivm that
has been commonly associated with
Rrwinia amylovera (Burrill) Wins-
low et al, in fire blight cankers.

Therefore, it was deeided to study
the eharacteristies of this yellow bae-
terium in detail and attempt to clari-
ty ity taxenomie position.

MavErIaLs AxD METIODE

Since hacteria may vary from one iso-
late to another within a speclies {(Rosen,
1928). 20 yellow izolates were obtauined
rrom different fire blight cankers of the
Jonathan cultivar. Each isolate was con-
sifdered as a zepurate entity ithroughout
the entire study. Comparisons were
made with known species of Xaniho-
snones  preni  (Smith) Dowson; Er-
ainde amylovore; Aerohacler Cerogenes
(Kruse) Heijerincek; Proteus vulguris
(Hauser); Escherichie coli (Mignla)
Castellanl and Chalmers; and Pseudo-
monas aerwginosd (Schroeter) Migula.

1"Me procedures used for characteriza-
tion of the hacteria werc obtained from
the “Manual of Microbiological Methods™
prepared by the Society of Amervican
Bacteriologists and will be described
with ihe results given below.

Protein patterns by dise clectrophore-
wis were oblained from the vellow iso-
late, Erwinia amylovora, and Hscherichic
cofi. The dise clectrophoresis equipment
was obtained from the Canal Indusirial
Corp., Betheada, DMarvland. Approxi-
mately 3.0 g of hacteria of each species
were harvested from mutrient brolh by
ecntritagation at 5000 x G for 10 min-
ytez. The pellat was washed twice with
30 ml of 0.1 M phosphate bufier
(Na-HPOy, 215g; KH.PO, 5.4 g in 1
liter of dizstilled water at pil 7.0}, and
sugpended in 5 ml. The bacterla were
then sonicated for 7 minutes with a 18
Ke Mullard sonicator and a % inch
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probe. The zonicated solution was cen-
trifuged [or 1 hour at 60,000 x G A
protein  determination (Lowry et al.,
1951) was made on the supcrnatant.
The protein golutions were adjusted to
10,000 u& protein to | ml with the above
buffer and 6.1 ml was added 1o LY ml
of the standard astrength gtacking gel.
Mach column reccived 0.2 ml of the sam-
ple gel., The current was adjusied o
f ma. per tube, When the tracking dyc
band had moved about 1 inch into the
geparating gel the ecolumng were re-
moved immediately and placed in ice
water, The starch gels wore removed
from the glass columns and placed in a
dve solution for 1 howur and then ce-
stained in 7% aocstic acid. The protein
patiertis of the thrée bactoria were com-
parcd vignally (g, 13.
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rreTrE 1.— Th electrophoretic zolu-
ble protein patterns of (1) E. coli; ()
Lo amylovora; (3) vellow isolates.

RusurTy

Pathogenivity fests. -—— The vellow iso-
lates (hereafter called isolates) were

tested for pathegenicity by injecling
them as an agieous suspension inkoe
steenlent  terminal tips of T-vear-old

Jonathan apple trees in the field and
inte 1-year-old Jonathan apple seedlings
in the greenbouse. No gymptoms de-
velopord wilthin 3 weeks after dinocula-
tion and thus the igolates were consid-
ered nonpathopenic. E, qmylovore, nsed
ag a cheeck, did cause hlight gymploms
within thiz period,

Movrphology and staining, — All inen-
batlons were at 25° ! unless noted dil-
ferently. Cultures were prown on nu-
lrient agar and examined atter 24 hours
cxeept for the gram stain which was
alzo cxamined at 12 houvs, Heat-tixed
films of the isolates were stained by
Hucker’'s moditication of the Gram stan
and tound to be gram negative with
some of the lLacteria tending to resist

decolorization. This phenomencon has
been reported by Billing et al. (1961).
Size way psrtimated | using an evepisce
micrometer) Ty examinalion of heat-
fixed films stained with the methylene
blue solution wsged in the Gram stain.
The isolales were rods of Irregular
length which usually occurred aingly.
vecasionally in pairs and short chains,
They varied from 0.6 to 0.9 microng in
width and 1.1 to 2.9 microms in length.
The isolates were chzerved ag living
hacteria in & hanging drop and to dem-
onatrate flagella, Builey’'s method as
madified by Fisher and Conn was wsed
All the igolates had 1 to 5 flagella ar-
ranged peritrichonsly An acid fast gtain
was made using the Fiehl-Nelsen methiod
and the amended formula of the carbols
fuchein solution lor staining. Isolates
wore all nonacid fast.

Ctalgny forem.--- The isolates were in-
cubated on nutrient agar in slanted fest
tubes and cxamined arter 24 hours and
at the end of 1 menth. Growth was
filiform and the strezk a glistening wvel-
low. The murging were thickened and
had wvery fine serrations at the outer-
most edges,  After cne month & very
viseoug slime had accumulated at the
hottomn of the slant.

Ouwygen reqidvement, — Glneose nutri-
enl agar deeps were mnade by filling test
tubes to a depth of 9 om with nutrient
agar comtaining 1% plucose. Before the
medinm golidified, a drop of a nafrient
Lroth suspension from 24-honr-old nu-
trient broth culfures wag added. The
tnlics were examined after incubation
for 1 weck., No growilh occurred ex-
sept in the top 1.5 vm of ille mediam
and thug the ldolales were considered
asrohes,

Oplimuam  temperature. — Each  fube
was inoeulated with one drop from 24-
hour-old nutrient hbrath Sultures. The
tubes were incubaled at 10, 1b, 20, 25,
30, and 35° C and the amount of growth
was determined by measuring the op-
tiral density using a spectropholometer
get at a wave length of 60 millimicrans,
THeadings were made at 0, 12, 24, and 48
hours afier inoculation. The abovo was
repeated twice and the average optival
denzity eomputed for each femuperature
and isolate. Baximum pgrowth was at
257 £, At 30° O the growth was leagd
than at 25° , but considerably better
than at 207 ., Some prowth ocenvreed at
both 10% and 35" C.

Dtilization of cltrufe. — Test itubes
contalning Kozer's elirate broth were
inoculated in duplicate with 1 drop of
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bhroth from 24-hour-old nutrient broth
cultures. After 7 days of incubation the
tubes were checked tor cloudiness. The
jsolates were able to utilize citrate ad
the sole carbon gource.

Hydrolysis of starch, — Culfures were
gtreaked onto (.29, starch-nutrient agar
and ineubated for 1 week. Gram's modi-
fication of Lugol's iodine solution wag
used to deteet starch hydrolysis. The
jsolates were mnot able to hydrolvze
stareh.

Getetin  liguefeotion, — TWo methods
wore used. Stab cultures were made
into tubes containing 12% gelatin and
ineubated at 20° © for 6 weeks. Cultures
were also streaked across a 0.49% gela-
tin-nutrient agar and incubated at 287
¢ for 2 weeks. After incubation ithe
gurface of ithe medium was flooded with
a solution of aecld mereuric chloride.
The resulls of both tests indicated ail
igolates excent No. 4 were ahle to lignely
gelatin,

Cutalose production. - - About 1 ml of
109 hydrogen peroxide was added 10
s4.nour-old cultures on nutrient uagar.
All isolates were catalase positive.

Wifrate reduchion. — Two meihods
wore uscd. Tubes of nitraie hroth were
inoeulated and strips of red litmns pa-
per were placed inside the tulbes near
the top to cheek for ammonia produe-
tion, Ammania was formed by all izo-
lates. Nitrate agar was also nzed. In-
cubation was for 12 days for hoth pro-
codures. Zine dust was added to ni-
trate agar tubes giving negative rezully
to verify that nitrate remained and had
not been decomposed beyond the nitrite
stage. All isolates except Nos. 4 and 10
tormed mitrite within 4% hours. After
12 days ol incubation Nos. 4 and 10 were
only slightly positive indicating they
were voery poor nitrate reducers.

fndole production. — Broth compoged
of 1% tryptlease wag the meadium used.
Kovae's test was used to determine the
presence of indole after 1, %, B. and 11
days, None of the igolates were able to
produce indole.

Methyl Red (MR} and Voges-Pros-
feauer (V-P) tests.— The medlum c¢on-
tained 7 g trypticase, 5 g K:HPO., and
5 ¢ glucose per liter of distilled water.
Duplicate tubes were used and aftev iu-
cubation for 7 days several drops of a
methyl red solution were added to one
qet of tubes. Only isclate Nos. 9, 19, and
20 gave u positive methyl red tezt. Tha
V-P test for acetoin was performed by
adding 0.6 ml of 5% alpha naphthol in
absolute ethanol and (.2 ml of a 40%

Transections IHiowvis dcademy of Sceicnce

IKOIT and 0.3% creatine solution to 1
ml of the 7-day-old broth cultures, After
1 miunte of vigorous apitation the tubes
swrere allowed 1o sit 10 minutes and then
observed far development of a pink color,
Isolute Nog. 4, 9, 10, 15, and 17 farmed
acotoin whereas the other 15 isolates
could not do so.

Litmaus milk fext - — Nedium was Dpre-
pured by adding 5 g of litmus to 1 liter
of 10¢% PBacte BSkim Wik, Readings
were made after 7 days of incubation,
The results of this test were extremely
variahle in regards to pH, oxidation-re-
duction potential, and the appearance
af the milk itsell. lgolate Nos. 4, 10,
15, and 17 cauged a basic reaction in
the medium. Isolate No. 17 also T1e-
duced the litmuy. Isolate Nos, B, 7, and
19 were acid in reaction.

A summary of the above tests is shown
in Table 1. The resulis indicated thatl
the 20 vellow isolates were the same spe-
cies and were treated as such in Tahble 1.

Electrophoresis.— Qoluble protein
fractions trom K. coli, B, amylovore, and
oune of the isolates werc geparated by
electrophoresis. The protein bands were
gtained and the reosulting protein pat-
terng of the various Thacteria compaved
vignally (Fig. 1). The resiilte obialned
indicate that the isolates and H.oanylo-
pora are not the same specics and hoth
were digtinet from E. coli

DisCTEsION

In comparing the test results of
the 20 isolates with the report of
Tarabee and Lockwood (1058} it
way noted that thelr isolates were
gram positive and could not raduce
nitrate., On this basis the 20 yellow
isolates uged in this study are not the
same as those of Farabee and Liock-
wood which they dlassified as Bae-
Leviin,

The 20 vellow isolates might be
the same as those of Groodman (1965)
but other than the fact that they
were hoth vellow, gram n egative, and
had peritrichous flagella, insufficient
information was given by hin for
comparison. Baldwin and Goodman
(1963} and Coodman and Shaffer
{1963} alsu showed the yellow bac-
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terial enltures gensitive 1o 2 of 5 E.
amylovora phages as well as to a
30A-Y phage, Virulent white iso-
lates were sengitive to all 3 of the
E. amylovora phages but nol the
DAY phage, Brom these later re-
sults Coodman (19653 decided the
relationship between E. wnylovere
and the wellow baeterinmin was not
elear.

Comparison of the resulls obtainad
from the authors’ 20 yellow isolates
with those oblained by Billine and

Baker (1963} indicated that both
probably are of the same species.
To be certain, however, the tests
would have to be ropeated using the
procedures of Biilling and Baker
(1963} un both the authors’ isolates
and those of Billing and Baker,
Considerable confusion was found
in the older literatnre concerning
vellow  gram  negative bacteria.
James, in 1955, reported *“Thero is
little donbt that the vellow chromo-
gen referred to in this report is the

Tapte 1.- - 4 Comparigson of the TRiochemical Reactions of Yellow Bacteriy
Isolated from Fire Blight Cankers and Six Known Species of Bacteria. Rceaction

Symbuols are:

A, aerohic; -+, positive; —, negative: V, variable.

l I Xanthe- dero- | Esche- ‘ Preu-
Yellow | Erwinia| wounas | Protews | bacter | rickia ' domonas
Test isvlates |amylopora| pruni | sulgarts |acropenes|  colf  aeruginorg

Stains |

=45 S — — — _ —

acld fast, .. ... L — — — —
Hydrolysis of

starch.. . oL L = + — — _

gelatin, ... ... ..., + |- + — — +
Oxvgen requirement . ... . A A A \ A A A
Nitrate test

NOyw o NOy. .. L + — + - + +

NHz formed. ... L. - + —f + + 4 f-

gas(l\'g}_........._: — — _ _ _
indele................| - -~ — + - + —
HaS. oo — - — + —- — +
Citrate............ .. L. 1 — + — +
Methylred. ... ... .. ... 9 — + — 4+ L
Voges-Proskauer. _. ...... Y _ _ e
Catafase .. e + + + + - + +
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same as that deseribed by Dugelli,
and by Iunss and studied in more
detail by Mack.” Ie proposed the
name Xanthomonus brifolic for his
vellow bacterla. Dilling and Baker
(14631, howover, have cited reasons
for doubting that his eultnres were
the same.

Hayward and Hodgkiss (1961}
have shown that the yellow pig-
mented bacterium, Xaenthontonds
wredoverus, which originally  was
thought to possess a single polar
flagellum, was found to possess peri-
trichous flagella. They also proposed
that this organism should be trans-
ferred to the genus Erwinin.

Thus, as a result of this confusion,
Tilling and Baker (1963) considered
their isolates 1o be monbers of a
poerly  defined ‘Tathyri - herbicola’
oroup within the genus Krwinig,

Tergey’s manual (Breed ot al.,
19575 states that all peritrichonsly
flagellated bacteria are elasgified in
the oarder Eubacteriales. Turther
checking of the keys with the test re-
sults obtained [rom the 20 yellow
isolates leads to the genus Erumnid.
With the presenl classificalion sys-
tem the gexus Frwinie Is reserved
for organisms which are plant patho-
gong (Breed ot al., 1957). This bac-
terinm, sinee il is nonpathogenie, can
not he properly classificd until either
a new genus s formed, a host is
found, or nutil the present reguire-
ments of the genus Erwindg arc
modified to include nonplant patho-
oeng,

Characterization of Dbacleria by
glectrophoretic sepavation has noi
been utilized extensively (Roden-
berg, 1959). Based on the protein
patterns the isolates are definitely

Troansuctions Ilinots deademy of Science

nol the same specles as E. amylovora

(Fig. 1).
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