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INTRODUCTI ON

Various investigators have found that ap appreciable
broportion of the epiphytie microflora of cereal seceds gnd
green plagnts consisted of short rods that formed typieal
yellow colonies on nutrient agar.

Amos (1) isolated this yellow epiphyte in consider-
able numbers from wheats and wheat flours and noted its

Similarity to Elavobacterium trifolium (evidently

Flgvobacterium trifolii Maek).

James et al. (15) mgde counts of bgcteria in washe~
ings from commercigl wheats and found this yellow epiphyte
to be pie;eut even after repeated washings. They repres-
ented 34%, 37% and 30% of the population isolated from
wash water, after 12 washings of No. 1, No. 4 and No. 6
grades, respectively, of Manitoba Northern red spring

‘Wwheate. The fact that these bacterias were present on wheat

even after repeated washings offered presumptive evidenecs
of the existence of a bacterial flora thaf proliferasted on
wheat. Dats presented. indicated a relgtionship between
quality, as represented by grades, and total numbers of
bacteriz. The numbers of bacteria became progressively
larger as the grade lowered. WNany of the low grades,
undoubtedly, were exposed to weathering econditions for

long periods of time. This exposure to dampness and warmth

would favor the activity of the epiphytic mieroflora.
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Wilson (29) studied 22 isolates and found they had
most of the cultural and physiological characteristics of

Phytomongs translucens var undulosa Hagborg (now Xanthomonss

translucens f. sp. undulosa): a plant pathogen which is the
causal agent of "bacterial black-chaff¥ gdisease. The gsuthor
stated that it was conceivable that wheat might harbour a
Parasitic species with many of the eharacteristics of a
pathogen = a phenomenon that is accepted with respect to
parasitic bacteria on the human skin.

Simmonds (23) demonstrated the existence of 2
baecterial surface flora; on seeds and on other parts of

cereal plants, which was antagonistiec te Eeiminthosporium

sativum P.K. and Be, a coOmmon root disease pathogen.

Treated cereal seeds were placed in a Petri plate contain-~
ing nutrient agar épotteé with the mold. Retarded growth

of the mold was noticeable near the seed. This investigatcr
suggested that the epiphytic flora might, therefore, by their
tendeney to inhibit growth, play a prominent role in inhibit-
ing the infeection of cereals by this fungﬁs. 4 detailed
study of the bacteria econcermned was not undertakeh. However,
when isolations 'were made, a bacterium of the same gross
morphology = a short motile rod -~ was most frequently
obtained. While this description could be applied to the
yellow epiphyte, it could also be applied to a species of
Pseudomonas which constitutes a considerable portion of the

epiphytic microflora of grains (15, 25, 29),
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In contrast, the work reported by James et al. (163,
appeared to indicate that the phenoménon reported by Simmonds
was due probably teo campetition~for nutrients, rather than to
the production of any antagonistiec substance; These invest-
igators produced evidence that a filtrate of a culture of
the yellow epiphyte did not exert the same antagonistic
action gs did the culture. The same finding was reported
on the mixed bacterigl flora on grain.

Stark (25). conducted 2 comparative study on 38
isolates of this yellow epiphyte from wheat;‘oats; barley
and flaxe He studied in detail their morphology, cultural
characteristics and physiology and compared his findings
with those of Duggeli (8), Mack (18), and Huss (14). Vhile
rthere were certain differences among the cultures referred
to, especially with regard to physiology, i1t appeared evident
that they were not .of sufficient importance to justify con;
sidering them to be in different species. Most of the com~
plications arose because different investigators used dif-
ferent methods. According to Stark, the logical place for
this species, on the basis of flagellation (one or two
polar flagella), appeared to be in the genus Xanthomonas.
Stark, however, did not compare his isolates with known
representatives of the genus.

In contrast to the findings of Sta?kg Burkholder (5}
stated that 'while the yellow epiphyte was similar in color
to species of Xanthomonas it was distinetly unlike them in

other characterss He claimed (4) that isolates of the
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yellow epiphyte, encountered in his studies, resembled
organisms usually placed in the genus Aerobacter - motile
'with peri trichic flagella and sometimes producing gas.

According to Burkholder (5} the relationships of

the phytopathogenic bacteria in the Bubzscterisles are with
various soil types, whilst wanthomonads, as far as is known
have no counterpartiwith other baeteria - unless it is with

Pseudomonas trifolii.

Goldstein (10) conduected a comparative study on 13~
ssolates of the yellow epiphyte from wheat and nine krdwn
representatives of the genmus Xanthomonase. She found, 1in
partieular, a close relationship between her isolates and
the represéntatives of Xanthomonas known %o produce the
#plack=chaff® disease on cereals. Goldstein considered the
difference between the two groups to be no greater than the
differences ordinarily used to distinguish between species.
She found no differences in morphology or cultural character-
isties. The only physiological differensce which could pos=
sibly exclude the yellow epi@hyte from being considered a
member of the genus Kanthomonas was the utilization of asp-
aragine as the sole source of carbon and nitrogen. It should
be noted, however, that the use of asparagine as the only
sourse 0f carbon and nitrogen was not mentioned by Dowson
{7), when he first proposed the genus Egnthomonas.

Starr (27) carrying out experiments on.thé nutritional

requirements of the genus Xanthomonas found that certaln

species, which he referred to as "non-exacting”, grew in a
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glucose, WH,C1l, basal salts medium. Further, certain speciss
requirea glutamic gcid and others methionine, while
gagghombnag pruni required nicotinic acid. In 2 study on
several "non-exacting® isolates, Starr found that the addition
of glucose to‘the asparagine medium, resulted in growth at
least as good as in the basal medium. He suggested that the
inadequacy of asparagine was probably due to its inapprop-
riaténess as a carbon or energy SONTrGe.

The literature reéiewed does not refer to the probadble

pathogenicity of the yellow epiphyte. The genus Xanthomonas

gontains a number of rathogens whiech are culturally similar,
differing only in the hosts they infeet (12}. Burkholder
(5). suggested tﬁat there might be a transition from
Saprophytism to pathogenicity in certain cases. Ee did not
believe this to be g rapid transition dbusl probably on a par
with other evolutionary trends in micro-~organisms.

Reid et al. (20). expressed the belief that the
tobacco pathogens known to plant pathologista as Psaadpmbngg

3abaci and Pseudomonss angulata were merely the saprophytiec

s0il species Pgseudomonas fluorescens, which attacked the

tobaeco under conditioﬁs unfavorable to the rlant. To
support their contentibns they presented data to show that
serologically the species were identicagl.

The members of the genus Xanthomonas and the yellow

epiphyte referred to ss Pseudomonas trifol

o o

1i are both char-

acterized by Bergey et al. (3). as producing a water insol-

uble pigment. According to Burkholder (5}, the intracellular

vellow pigment bcourring in the members of the genus
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Zanthomonas has been shown to be identical in all species,

RS D A it Doy

but different from the yellow pigment found in species of
plant pathogens in other generas.

Starr (26). found that the predominant Xanthomopas
Pigment was fimmly adsorbed on magnesia or aluminavan& a
definite chromatogram was given throughout the genus. A4
Second much less gbundant pigment could be demonstrsted in
some Xgnthomongs isolates by chromatography. The pigments
reacted similar to carotenoid alcohols.

It is apparent from the above that much more detailed
study of this yellow epiphyte is necessary before it ean be
classified. Por example; studies on pathogenicity, on the
type of pigment, and on several other aspects, should be
carried out simultaneously on several isolates sand a number
of known representatives of Xanthomonass.

hcecordingly, this study was undertaken. It was

divided into three parts:

Part 1 Worphology, Cultural Charzecteristics
and Physiology

Part 2 Tests of Pathogenicity

Part 3 Nature of the Pigment




S$OURCEE OF CULTURES

Samples of wheat, oats, barley. flax and soybeans
from various sources were supplied through the courtesy of
The Department of Plant Science, The University of WManitoba.
The method of James et al. (15) was followed for the isol-
ation of the bacterige A4 10 gm. portion of egch samvle
was transferred aseptically to a six ounce screw top bottle fﬂ:agf
containing 10 gm.sterils gravel and 100 ml., sterile water.
This initigl dilution was shaken for 30 min. on a to and fro
shaking machine. Approprigte dilutiohs were made and plates
were prepared using Bifco nutrient agar as a substrate for
the bacteria. Incubation was at 25°C for five days.

Pypical yellow colonies were selected from plates
’prepared from each sample of seed. Six of these which con=
formed with the description of previous investigatons (10, 25)
with respect t0 shape of cell, size; clumping arrangemenﬁ

and motility. were transferred to nutrient agar slants

for further study - thus totaling 30 isolates in all. Thesse

were replated and reisolgted to make certain that each
represented a pure culture. In addition a culture isolated
from the coleoptile &f Reward wheat Which had been surface
disinfected, supplied through the courtesy of Dr. R Ja
Ledingham of the Dominion Taboratory of Plant Pathology,
Saskatoon, $askatchewan; was transferred to the same medium

for comparative study. The code number of each isolate
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and its source followsgy

W=l to w=3

0=1 and 0;2
‘O~3Aand 0 =4
0=5 and 9«6
B=1 to B=6
P 1l to F=56

8=1 t0 8~6

bacteria were

Laboratory of

H=1

Hed

macaréai‘wheat (Priticum durum}, grown
at Winnipeg, Wanitoba, 1949,

Redman, a hard spring wheat, grown at
Saskatoon, Sask., 1949,

. Thatcher, a hard spring Wheat,»grown at

Saskgtoon, Saske, 1949,

Marguis, a hard spring wheat, grown at
Saskatoon, Sask., 1949,

Exeter opats grown at Winnipeg, Man., 1949,
Garry oats grown at Wlnnlpe s Man., 1949.
Portune oats grown at Winnipeg, Man., 1949.
Montealm barley grown at Wlnnlpeo, Mane, 1949.
Dakota flax grown at Winnipeg, Man., 1949,
Pagoda Soybeans grown at Winnipeg, Man., 1949.
supplied through the courtesy of

Dre Re Jo. Ledingham, The Pominion gaboratwry

of Plant Pathology, Saskatoon, Task., 1950,

The representatives of the "black chaff" type

‘supplied by Pr. W. A. F. Hagborz, Dominion

Plant Pgathology, Winnipeg. These follows

- Xanthomonas translugens f. spe unduloss,

3258, isolated from Thstcher whest
collected at Mariapolis, Man., July 27, 1945,

Xanthomonas translucens f. Sp. undulosa,
1552, isolated from Warquis wheat collectead
at Morden, Man., July 23, 1943.

Xanthomonas translucens f.sp. gereglis,
3040, isolated from Thatcher = Regent.

ReTa 2040, collected at Winnipeg, Man.

July, 1944,

Xanthomonas translucens fe.sp. hordej~avense,
1907, isolated from barley collected at
Winnipeg, Man., July 27, 1940.
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Cther representatives of Xagnthomonas were obtained
from The American Type Culture Sollection, Washington,

B. €. 25 followss

T=1 Xanthomonas carotae, 10547,

T=2  Xanthomonas campestris, 7381,

?=3 Xanthomonas pruni, 10017, '
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EXPERIMENTAL

Part 1 = Worphology, Gultural Characteristics
and@ Physiology '

Unless otherwise stated, all studies were carried
out sccording to procedure outlined in The Manual of Methods

for Pure Gulture Study of Bacteria (6.

Morphology
Vegotative cells of the yellow epiphyte cultured

on nutrient agar at 25% for 24 hr. appeared gs rods with

rouaded ends to coccoid forms, occurring singly and occas-
ionally in pairs and measuring 0.5 to 0.8 by 0.5 t0 lebu.

They were gram negative and aetively motile. 1In negative

mount preparations there was marked evidence of different-
iation in internal structure.

Bach pathogen studied showed greater uniformity in

length of cells and did not show the same type of different-

igtion in pnegative mount preparations.

Stark (25). reported the a§erage size of wegetative
cells of isolates of the yellow epiphyte to be 0.8 by l.6u g
Wilson (29), 0.6 %0 0.8 by 1.2 t0o l.6u; and Goldstein (10},
reportingipn 78 cells, 0.7 f «03 by 1.7 é le2u e« The last
investigator. mentioned. measured 54 cells of named speciss

of Xanthomonas. They ranged from 0.7 é <07 by 1.7 £ 1.1u,

¥hile no specific mention of variation in length was made,
the figures quoted by the above investigators indicated

that the cells meagsured by them varied ag widely as did
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those in this studys Amos (1). studied isolates of this
yellew epiphyte from wheat and wheat flour and’while he did
not quote speecific measurements of cell size; .+ remarked
on the presence of many short rod forms which he referred

to as "eoeceo -~ bacilli®,

Cultural Charascteristics

Wutrient agar eolonies of isolates of this epiphyte,
incubated at 25°C for five days, were circular; entire, con-
vex, glistening, smooth and yellow. They ranged im size
from pin point to 6 m;m; Stark (25) presented evidence
which appeared to show that variation in colony size was
not due to hereditary transmission dbut to normal variation.

The intensity of the yellow color varied somewhat,
although this characteristie did not prove to be tragns-
missible. 4n isolate from a colony of one intensity, when
plated, produced eolonies of varying intensities. Bamberg

(2), working with five cultures of Bacterium translucens

var undulosg (now Xanthomonas translusens f.sp. undulosal,
found similar variations in the coleor produced.

The cultures of ZTanthomonas and the epiphytes studied
produced colonies on nuitrient agar which were not distinguiéh«
ables Nutrient agar streak cultures and nutrient broth

cultures of these pathogens likewise were not distinguish=-

able from cultures of the epiphyte.
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Reduction of Witrate

For each culture,duplicate tubes of nitrate broth
were examined after incubation at 25°8 for three days.

Bach culture was tested for nitrites by adding a
fow drops of sulfanilic acid (8 gm. sulfanilie acid in one
litre of B N acetic acid) and & naphthylamine reagent (5 gm.
¢ naphthylamine dissolved in one litre of 5 N acetic acid)
t0 0.5 ml. of culture on s porcelain spot plate. The

results are presented in Tadle 1.
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Pagble 1. Reduction of nitrate to nitrite by isolates of
the yellow epiphyte and certain named specises
of Xanthomonags.

Buplisate Duplieats
Epiphyte 1 2 Epiphyte 1 2
3 7 oo Ly
we=3 #o- £ B~6 £ £
- o4 F-1 ;o
w-5 4 4 F-2 44
w-§ AooA P-3 /N
0-1 oA Fot oA
0-2 ;o4 Fe5 iAo
0-53 - - F=5 £ £
0-4 /o f $-1 oA
0% A A . A
302 77 ot ;3 g
- g D =h
B=3 £ 7 i 4 /
Xanthomonas Zanthomonas
B~1 - - -1 - -
H=2 - - T=2 - =
H=3 - - Tw3 - -
H=4 - - Control - -

Table 1 shows that the yellow epiphyte reduced
nitrate to nitrite with the ‘excention of isolates 0=3 and
0-6, while none of the speciss of Xanthomonas tested pro-
duced nitrite.

Certain gdditional data on the yellow efiphytes
studied by Stark (25 and Goldstein (10) are presented in

trifolii Huss as presented by Bergey et al (3).

Except in a few instances, which will be diseusssed
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the
Additional characteristies of’yellow epiphyte
based on reports of other investigators.

Table 2.

Psendomonas
trifolii Huss

Stark Goldstein

Gram stain negative negative negative
Plggellsa Single polar 1-2 polarw 1=4 polar
Spores absent absent absent

Nutrient broth
Gelatin liguefsction
Litmus milk

Nitrate reduction
to nitrite

turbid,pellicle

positive

alkaline, slow

coagulation

turbid pellicle

positivs

alkaline slow
neptonization

turbid,pellicle . .

positive

alkaline,slow
peptonization

pqsitive positive positive
to ammonia negative negative negative
Indole production positive negative negative
H2$ production positive positive positive
Fat hydrolgsis - - Positive positive
Starch hydrolysis - - negative negative
Wonosgccharides
Pentoses
Xylose acid acid = =
Arabinose acid geid - -
l-Rhamnose ;-— acid - -
Hexoses
Glucose acid aeid - -
d. Mannose - — acid - -
d. Galactose - - acid = =

d. Fructose

acid
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Tgable 2. Bont'd.

Pzeudomonas

reported.

trifolii Huss Btark Boldstein
Disgeccharides
- Bucrose acid geid - -
Maltose - - acid acid
Lgctose no acid acid acid
Trisaccharides
Raffinose - . unchagnged - -
.?olysaccharides
Starch - - rarely aecid = -
Dextrin - - not acid - -
ITnulin - = not acid = -
Gluscsides
Sglicin - - acid aciad
Alcohols
d-=annitol gcid - - - -
~ = WOT
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further, the description on the threes types agreed remarke-

ably closely.,

Flaggella

There is discrepaney with regard to the number of
flagella. Huss reported one flagellum; Stark; one or twog
and Goldstein one to four. These differences may not be
serious, the notable feature being the unanimity with

respect to polgr attachmente.

Fermentation of lactose

Both Stark ang Goldstein reported the production
0f acid from lactose while Huss found no seid produced.
However, different media and methods were used in making
the determinationsa Huss(l) titrated the acia rroduced
in a carbohydrate peptone broth against 0.25 §¥ NaOH.
Stark, and Goldstein, used an inorganic basal medium plus
lactose and measured the pH electrometrically. Salvim and
Tewis (21) pointed out that proteinaceous medis may be
utilized by certain bacteris with the formation of ammonis
which neutralizes the acig produced from the fermentable

substance.

Production of indole

Stark tested for indole using Xovae's modification
0f the Ehrlich Bohme test. Goldstein used the Gnezda
oxaliec acid téchuic and confirmed the results using the
Goré modification of the Ehrlickh Bohme test. These methods

are endorsed by The Society of American Bacteriologists (s),

{1) Quoteq from &4srx
| | (25
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Huss gdded, among other substances, s fow drops of 10%
Hy50, when making the test. Sandiford (22) warned that
acid-containing reagents might give false positive react-

ions in ceultures tested for indolse.

Procedure for testing growth in certain nutrient media
Isolates of the yellow epiphyte and the named species

of Xanthomonas studied were tested for growth in certain

putrient media by the following procedure.

411 glassware was soaked at least 24 hours in dich~
romate e¢leaning solution, rinsed thoroughly in tap water and
then 1in distilled water. Thé media were sterilized in 5 in.
teét tubes after the pH had been adjusted with 0.1 W NalOH
using a Coleman Model 3D Electrometer.

Cellsiwere transferred from 48 hour nutrient agar
slant cultures to 20 ml. sterile water. Inoculatiocns were
made by wire loop to duplicate tubes of a fest medium from
this sispension of cells. This procadure, proposed by Ztarr
and Weiss (28), was followed in order to eliminate carry
over of agar or growth accessory factors which might support
growth, rather than the nutrients under test. To ensure that
failure to grow in the test medium could be attributed to
the insufficiency of the medium, rather than to desd inocula,
transfers were made simultaneously to duplicate tubes of

nutrient broth. Growth im nutrient broth would indicate

that the culture was viable and that failure to grow in
the test medium could be attributed to the insufficiency of

the mediume
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Moasurements of light transmission were mgde with
a Coleman Model 11 Spectrophotometer standardized at 100%
transmission with an uninoculated echeck. The wavelength
was set at 450 mp- o Fach duplicate was shaken 10 tinmes
and transferred to one of the matched csuvettes. The read-
ing was then made. Relative growth was expressed in terms
of density units ealculated from the relationship
D =2 - 1log Ty, where B is the density and T is percent

light transmissione.

ASparagine as the sole source of carbon and nitrogen.

Lecording to Bergey et al. (3}, the genus Kanthomonas

contains. orgsnisms for which ssparagine is not sufficient
as the sole source of carbon and nitrogen. All isolates
were tested for growth in the nutrient medium recommended
by Starr and Weiss (28). The composition of the medium
follows:

0.1% KHGPO4

0.02% XKCI

0.02% Mgsso;e 7TH50

0.5% 1 = asparagine
PH7.4 after sterilization

Incubation was at 25%¢ for eight days. The results,
presented in Table 3, show a difference in growth between

yellow epiphytes and the eultures of zgnthomonasvin a

medium containing asparagine as the sole source of carbon
and nitrogen. The epiphytes all grew - with the exception
of one isolate 0=3, while the pathogens grew scantily if

at all.
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Table 3. Relative growth of isolates of the yellow
epiphyte and certain named species of
Xanthomonas in a medium containing
asparagine as the only source of carbon
and nitrogen - expressed as density units.

Buplicate Duplicate
Epiphyte 1 2 Epiphyte 1 2
w=1 044 0.35 Bw=sd 029 0.31
W=D 0.55 0057 B=5 0.32 0027
w=3 0.40 0.36 B=§ 0.38 0035
Wed 035 039 F=l 0.34 0,35
W=5 0.34 0.30 Fe? 0627 0.36
wW=6 0.30 0.38 F=3 0e35 0.31
O-l 0051 0027 Fod. 0055 0052
0—2 OaSO 0129 ?-5 Oa29 0030
Q=3 0.00 000 F=b 0.36 0434
Q=4 Qw34 OQSS S"'l 0027 0034
0=b 0.24 0,830 =2 037 0,37
0=6 012 011 Fm=3 044 0.46
B=1 0.38 0.34 Sl 0.29 0.30
B=2 030 025 N b 0.32 0.38
B=3 0.32 0.25 Beb 028 030
L=2 0.39 0.37
Xanthomonas Xanthomonas
H-1 0,00 0.00 , T=l 0.01 0.02
H=2 ‘0 00 0,00 T=2 0.01 0.00
H"S 0000 OoOl T"'S : 0-01 0.00
H~4 0.00 0,01

(1) ©Cglculated from the relationship P =z 2 = log T,
where B is density and T is percent light
transmissione.
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The above experiment was repeated except that the
medium wag adjusted to pHS5.0 instead of pPHY.4s A1l culte-

ures gave the same reading as the uninoculated sontrol,

consequently, all density values '

were zero. An isolate
of Eseudomongs geruginoga grew well in this medium;

To determine whether the density values presented
in Table 3 mean mueh in terms - of good growth, six isolates
of the yellow epiphyte were cultured in the asparagine
medium along with one isolate in the basal medium of Starr
to which glutamioc acid was added (see page 26 ). The
reaction of each medium was adjusted to pH 6.8, The re-
sults are shown graphieally in Figure 1.

The densityvalue of the isolate grown in Starr's
glutamic acid medium was 0.21 units at one day, which was

the same as the average density vazlue of the six isolates

cultured in the asparasgine medium at three days. A%t one

day the highest density value of any of the six was 0.05

s

) uﬂlt&;

Arginine gs the sole source of ecarbon and nitrogen
The composition of the medium follows;:

0.1% KH5P0,

0.02% XC1

0.02%4 MgS04. 7 Ho0

0.1 % 1 = arginine monohydrochloride
PE 7.2 after sterilizatione.

Incubation was at 250, At six days the cultures

showed no visible turbidity, therefore spectrophotometsr
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readings were taken at 12 days. The results are presented
in Table 4. They show that neither the isolatés of the
yellow epiphyte nor: the nasmed species of Xanthomonas grew
well in a medium containing arginine as the sole source

of carbon and nitrogen.

Partariec acid as the sole source of carbon

In an attempt to determine whether the epiphyte
would grow in a medium containing tartéric aecid as the sole
source of carbon, each isolate was tested in the following
medium. ’

0s1% WH, W0,

0.1% KH, 20,

10402% Mg80,.7H50
0e1 % tartaric acid
PH 6.2 after sterilization.

Incubation 'was at 25% for six days. The density
values ranged from zero to 0.07 units for both the epiphyte

4#nd the named species of Zanthomonas, indicating negligible .

or slight growth. This was in agreement with the finding
of Lewis (17) who reported that tartaric acid was not auf;
ficient for %he growth of certain plant prathogens. Of
course, the failure to grow conceivably might have resulted
from some other deficieney in the medium. However, Burk-

holder (4) reported that members of the Phytomonas gampestris

group {ndw in the genus Zanthomonas) grew well in a syn-
thetie medium with inorganic nitrogen as the sole source of

this element. This would appear to0 indicate that the
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Table 4. Relative growth of isolates of the yellow
epiphyte and cerbtain named species of.
Zagnthomongs in g medium containing
arginine as the sole source of carbon
and nitrogen = expressed as density units.

DBuplicats , Duplicate
Epiphyte 1 2 Epiphyte 1 2

W=l 002 0,03 B =4 0.03 0,02
W=2 0.02 0.02 B=5 0.04 0.02
w=3 0.05 0,05 B=5 0.0l 0,01
w=4 0.12 0.11 Fa=l 0.03 0.03
W"’s ans Oe05 F-Z OQOO 0101
w=6 0.03 0.02 B=3 0,03 0,03
O=1 0.04 0,05 Pl 004 0,03
B5=2 0.02 0,02 F=b 008 0,03
0=3 0.02 0,01 F=b 0.04 0.03
0-4 0304: Oo 03 S;"l 0002 0101
0~5 0.03 006 F=2 0,04 0.05
0=6 0.09 016 w3 0.03 0.03
B=l 001 0.03 S=d 002 0.03
B=2 0.08 0.03 B =b 0.02 0.04
B~3 0.06 0,07 Sib6 0«10 0,10

I;-?. 0-04 0:05

Xanthomonas Zanthomonas

H-1 002 0.01 T-1 0.01 0.01
H»Z 0500 OQOO T—Z Oe02 0001
HE=3 0.00 0,00 T3 0.01 0,01

H=4 002 0,00
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nitrogen supply probably was adequate in the medium used

in this studye.

The bassl medium of Starr (27)

Starr found that many species of Xanthomonas grew

in a glucose, WH;81, bassl salts medium at a slower rate
than in nonsynthetic medis; however, in the same medium
with sufficient buffer the final erop was about the same.

The medium (with minor variations) follows:

glucmse(1) 0e5 gme
HE QL 0.1 w
KHpP04 0.2 ®
Mg80,e 7H,0 0.02 n
B{E;30%) Ne8 f& gm.
Ca(Cat0g} 10,0 ® "
Cu({CuS0,.5H50) 1.0 n w
Fo{FelNE,(50,},.120,0) . 10,0 " n
I (x%I) Ol ™ m
Mn(MnS0y.4H50) 1,0 ® =u
o {powdered o) 1.0 @ "
Zn (Zn%0,. 7H, 0) 5.0 % w

distilled water to 120 ml,
PH 6.8 after sterilization.
Incubation was at 25°G for siz days. The results,
presented in Table 5, show thet isolates of %the vellow
epiphyte, with the exception of 0=3 and O0=6, grew slightly

in the basal medium of Starr, while none of the named

species of Xanthomonas grew in this medium.

{1) To remove impurities, glucose solutions wers treg ted

twice at pH3.0 with charcoal and filtered each time
with super cel,
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Table 5. Relative growth of isolates of the yellow
epiphyte and certgin named species of
Zagnthomonas in the basal medium of Ftarr
~ expresse@ as density unitse

Bupliecats Buplicate
Epiphyte 1 2 ‘ Epiphyte 1 2
w1 0.16 0.18 B =4, 0.21 020
W 2 10051 0.30 B =5 0022 0019
,‘W“'g 0029 0.30 B8 0,15 0«15
e 4 0.16 O0.17 P-1 0e22 0.20
W=5  0.23 0.22 P2 O0.l6 0415
w=8 0.28 0.28 F=3 083 0.21
0=1 0.31 0.28 Pl 0e1l2 0,19
0=2 0,10 0,11 P=5 0,27 0,33
0=3 0.00 0.00 F=8 0.19 0,17
O=4 0,22 0.24 F=1 029 0.28
O"'E 0015 Oa14: S"‘Z 0023 0021
0=6 0.01 0.00 S =3 0.20 0,17
B~1 0.30 0.30 S 0,18 0.14
B=2 0.23 0427 3 =5 0.16 Q.18
B-3 0.27 0.23 B=6 027 0.25
T-2 037 0,39
Zanthomonas Xanthomonas
H=1 000 0.00 Twl 0.00 0,00 Sl
H-f?, OQOO OQOO T“'z 0.00 0.00
H=3 0.00 0,00 T =g 000 0.00

H“"4 0.00 0001
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The bassl medium of S+arr plus 0.02%4 1 = olutamic acid

Starr (27) found that certain species of Xanthomonas,
which failed to grow in his basal medium, grew well in the
same medium to which glutamic acid was aaded. Accordingly,
the isolates used in this study were tested in his medium,
with the results presented in Table 6. The epiphyte grew

well in this medium while the species of Xanthomonag tested

produced variable growth; Xanthomonass caretas (T-1) grow-

ing better than any of the others and about as well as

certain isolates of the epiphyte.

Aeid tolerance

Burkholder (5) reported that the gapthomonads were
agid tolerant,; therefors, preliminary tests were carried
out using two isolates of the epiphyte and four represent-
atives of Xanthomonas to determine whether the epiphyte
showed similar acid tolerance,

Futrient broth wés ad justed to four pH reactions
rahging from pH 4.5 to pH 6.5 (after sterilization). A4
24 hr.‘nutrient broth culture of each of the six isolates
was transferred in duplicate to media at the four pH levels,
Incubation wgs at 2568 and growth was based upon visible
turbidity.

Both isolates of the epiphyte produced visible

turbidity 2t all pH levels including pH 4.5 at two days,
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Taeble 6¢ Relative growth of isolates of the yellow

epiphyte and certain named species of

Xanthomongs in the basal medium of Starr
to which 00029 l-glutamie zcid was added

- expressed as density units.

‘ Buplicate Buplicate
Epiphyte 1 2 Epiphyte 1 2

‘W—l 0092 0088 B='4: 0,79 0.82
W= 0.52 0.52 B=5 0.928 0,95
3 0.88 0.88 B=5 0.92 0.88
'W-é 0092 0«95 ?"1 0492 0.72
W—5 0095 0092 F-—Z Ov?g 0082
:W'-S 0192 0.88 F=3 0. 67 0.74
D1l . 078 0.85 F=d 068 0469
0=2 0.72 0.85 BP=b 065 0.63
O"'Z 0052 0050 F~6 0388 0«74

0 =4 0.88 0.95 Tl 0.76 0.85
0=5 087 0.60 T2 0.88 0.85
0=6 0.74 0.863 =3 0.92 0.92
B=1 0.88 0.85 5 =k 0.82 0.76
B=2 0.95 0.82 Fwb 0.82 '0.74
B~-3 0.92 0.95 Fwb 0,88 0,85
L.=2 0.92 0.74

L Xanthomongs Xanthomongs

H=1 0.36 0.44 Tl 0.74 0.80
H=2 0.19 0.18 B2 0.07 0.05
H-3 030 0.22 T3 0,15 0,14

H-4 0.31 0.36
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while none of the four representafives of Tanthomonas pro-
dused growth at pHE 4.5 even at six dayse Following these
preliminary tests allkthe isolates used in this study,
except those from soybeans, were tested for ability to
grow in nutrient broth at pH 4.5. The results are pre-
sented in Table 7. Dhe résults, in genersl, confirmed the
preliminary finding of a difference in aecid tolerance be=
tween the epiphyte and the pathogens. COne isolate of the
epiphyte failed to grow and one of the pathogens did grow
at this pH. (The reason for these two apparent discrep=
ancies is not knowns however, it is conceivable that
cortain isolates in any species might vary from the

normal with respect to acid tolersnce.
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Table 7. Growth of isolates of the yellow epiphyte
and certain named species of Xgnthomongs
in nutrient broth at pH 4.5.

Duplicate Dupiticate

Epiphyte - 1 2 Epiphyte 1 2
o A A
v-3 A4 B3 Ao A

=iW-4 { 4 B4 £ £
w6 A Ba 6 £ 4

0=1 # # Pl £ Y

0-2 A4 F-2 Ao #

0=3 = - F=3 7! 7(

0=t £ # Fed o £

S A S

L=2 F £

Xanthomonzs | Zanthomonsgs
H-1 - - Tl - -
He-2 # # Tw2 - -
He3 - - T-3 - -
Hat - -
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(1)

Part 2 - Tests of Pathogenisity

Procedure

Following the procedure of Hagborg (11)(13), tests
of pathogenicity were carried out using the yellow
epiphytes from wheat, oats and barley, the Saskatoon

isolate, and the cultures of Xanthomonzs itranslucens

received from Dr. W. A. F. Hagborg.

Bach isolate was tested on Thatcher wheat, Victoéy
oats and Titan barley. Eight to loéeeds of each host
plant were sown per pot and one pot'of sach host was ussd
for each isolate. When the coleoptiles reached a height
of 7 to 15 m.m. the ssedlings were inoculated. A flamed
sha£p nichrome needle was dipped in the imocdulum, eonsist-
ing of av48 hr. nutrient agar slant culture, and the
coleoptile and enclosed primary leaves were ?ierced three
times. ©Care was taken to keep the wounds well above the
surface of the soil to minimize the possible entrance of
soil organisms. The inoculated plants wers examined for

infection at the end of 2 10 day period at 25%,

Results

Not one of approximately 500 tests made with the
epiphytes produced characteristic lesions of the disease,
wheregs in every case the vathogens produced dark watere

soaked areas around the site of the infection. The host

{1) Performed under the direction of Dre We Ae Fo

Hagborg, Domipion Laboratory of Plant
Pathology, Winnipeg, Mal.
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plants infected by each pathozen follows

Zanthomonas
H-1 wheat, barley
H-2 wheat, barley
H=3 wheat, oats, barley
H=4 oats, barley

Llthough the yellow epiphyte did not produce evidence
of infection under the conditions of this investigation,
it could conceivably attack these or othér hosts under other
conditions. Starr (27). speculated on the existence in
Plants of specific antibiotics which inactivated phyto=-
pathogens other than the particular bacterial species which
infected that hoste Burkholder (53, noted that buckwhesat
and spingch appeared to be free from bacterisl disegses,
but, whether these two plants possessed an antibiotiec sub-
stance which the others lacked. was not known.

Host specificity was notadbly marked with regard to

the special forms of Zanthomonas translucens as shown above;

yet, as far as is known, these forms agre similar in other
réspectse This is the more remarkable inasmuch as Starr
(27). noted that rathogenicity involved a nutritional inter-
relationship -~ duriag its pathogenetic existence the phyto-
pathogen derived its entire nourishment from’the host |

tissue,.
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Part 3 = Nature of the Pigments

Bgsed upon the reports by Starr (26) and Burkholder
(5) on the prigment produced by species of Xanthomonas, a
study of the pigments produced by the isolatés used in
this study was carried oute.

?reliminary tosts were performed to determine class
of pigment. Palmer (19) vointed out that all yellow pig-
ments were not necsssarily csrotenoids and that ecarotenoids
eould be identified by their response to the livoeyan
reaction; In this reaction cone. Ho%0, or conc. HNO:3
when added to nutrient agar cells on a clean slide pro-
duces a bluish coler within s few minutes. TIn addition,
the cells tresated with H2$04 produce microscopie crystals.
Both the isolates of the epiphyte énd of the pathogens
produced a positive regetion, indicating similarity of pig-
ment on this basise.

Further study required a large c¢rop of cells, there-
fore, the procedure of Sobin and Stahly (24) was followed.
The bacteria were cultured in 12 oz. bottles on a substrate
of nutrient agar econtaining 2% glyé}ol. Inoculation was
made by sterile pipette from a nutrient broth culture.
After incubation at room temperature for about seven days,
about 10 ml. of 70% aqueous acetone was added and the
bacteria removed by seraping the surface with g glass
rod bent at a right angle. Water was not used since the

‘bacteria form a hydrophilic suspension. The acetone and
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suspended bascteria were removed from the bottles; using

suetion, and the cells were removed from this solution by

centrifugation. A gummy polysacecharide material produced

by the bacteria sometimes interfered with cenﬁrifdginga

The use of more acetone overcame this difficulty. Approx-

imgtely one gram of moist 6ells was obtained by this method.
The following tests were applied to all the isolates,

Extracting solvents

Moist cells were transferred to & beaker containing
50 ml. methanol which was placed in hot water that was
brought to the boil quickly. The pigments wers extracted
in a few minutes. It was found that the pigments could be
extracted, as well, with other polar organic solvents such
as ethanol and gesitone, but not with non-polar solvents,
such as petroleum sether (skellysolve B}, earbon disulfide,
carbon tetrachloride, chloroform, ethyl ether or benzéne.

having *been

AfterYextracted from the ecells and dried in vacuo, the
pigments eould 4hes be dissolved in non-polar solvents.
Neither petroleum‘ether nor methanol extracted the pigment
from dried cells of one of the isolates. This wgs & chance
observation and the study on dried cells was not carried
further. According to Starr (26) the failure of a typical
non-polar solvent, diethyl ether, to extract the pigment
was due to that solvent's lack of wetting action and

could be corrected by the addition of a suitable deter-

gent to the diethyl ether.
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tests

Separatlon of types of czrotenoid plmments was
carried out by the procedure of Sobin and Stahly (24}
Yater was added to the cell=free methanol extract to
give an algcohol conceétration of 90%. This was shaken
in a separatory funnel with petroleum ether. The pigments
remained in the methanol layer, being characteristically -
hypophasiec. This is characferistic of carotenoid acids
and carotenoid alcohols.

The methanol layer was drawn off and made alkaline
to litmus, diluted with water and shaken in a separatory
funnel with disthyl ether. The pigments appeérea in the
ether layer, being epiphasic in this partition test. This

is charscteristie of carotenoid alcohols.

Color tests

The methanol extract of moist cells did not Show ahy
color reaction on the addition of ascids or bases. Petrol=-
eum ether solutions of dried pigment gave a light blus
eolor on the addition of conce. Ho30, and no reaction with

gonce HGL,

Chromatogravhic adsorption
The adsorption device was a glagss tube 15 em. long

and 15 mem in digmeter sealed at one end %o a tube of
5 m.ms bore znd approximately 8 cm. in lengthe The tube

was supported in a vertical position by attachment to a

vacuum flask. A wad of cotton was placed just above the
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gonstrieted portionm of the tube and adsorbent was added

and packed carefully in smazll amounts. 4 portion of the
solvent used for dissolving the pigment was poured on the
column to test for the presence of cracks in the adsorbente.
According to Sobin and Stahly (24) the pigments must be
free of water before they are dissolved in the adsorbing
solvent. Woisture was removed by sdding benzg&nse and evap-
orgting in vacuo 2% 5000.

Attempts to chromatograph pigment solutions of
ethanol, methanol and acetone extracted from pathogens
were not suceessful even though the following adsorbents
were used; 0alOz (activated by heating at 150°C for at
least 5 hr.), activated Mgo, 41,05, celite 515 and 535, celite
{515) mgo 331 and l:l.

When a dried pigment mixture was dissolved in skelly-
splve-B and the solution poured on the adsorption celumn
the pigments formed a narrow yellow band at the top with
41,05 or CaC0y 2s the adsorbent. On washing with pure sol-
vent the adsorbed pigments moved slowly through the adsord-
ent and separgted gradually into bands, each representing
a different pigment. €alCCgz, being a weaker adsorbent,
proved superior to 31203 since the chromatogram developad
more quickly.

In mogat cases three distinct 5an&s formed on the
adsorption eolumn. The predominant pigment produced a wide
band near the top. This was followed by one and often two
narrower bands. The failure of three zones to appear in

all trials might be attributed to the faet that one of the
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pigments was present in too small an amount. The number

of bands obtained from sach isolate follow:

Bands on Bands oh

Epiphyte CaC0gy Xanthomonas cecos

w1 3 H~l 3

w=2 2 Ha2 3

=3 3 H=3 2

w=4 3 H-4 3

w=5 3 T-1 2

w=6 3 T =g 3

T=2 2 =3 3
Sarcina lutes 2

A4 mixed chromatogram using pigmsesnt extracts from
one epiphyte (w=1) and one vpathogen (T-2) showed the same
three bands in the same relgtive position as when these
extracts wers ehrométographed separately.

Starr (26) reported only one or sometimes two bands
on mggnesiag or alumina as adsorbents with various species

of Zanthomonas.

Spectrometric gnalysis

Absorption spectrum maximg obtaiﬁed on a Gaertner
spectroscope are presented in Table 8. The original 6x=
traet in most cases gave only one maximum. In 35 few
extracts a second less definite maximum was produced. The
reconstituted extracts on the other hand produced two max-
ima, with a suggestion of a third from one of the isolates.
‘ Excepé in the case of two isolates the maximum on the
original extract was @ifferent from either of the maxima

on the reconstituted extract. In most cases it fell be-
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n spectrum

Table 8. /data on pigment mixtures in 95% ethanol
obtained from isolates of certain bacteria.

Waxima (mu)

Original (23

Epiphyte extract(1) Reconstituted

w-1 450 440 470

We 451 440 470

We3 450 441 470

Wwed 450 440 469

We B 449 440 470

We= b6 450 440 470

L=2 450 483% 440 459
Zgnthomonas

H-1 450 440 470

H=2 450 439 470

E=3 451 440 470

H=4 449 440 470

T=l 451 425% A40 470

Taa? 450 441 470 4167

P 440 470 440 470
Barcing luteg 439 469 440 471
2 doubtful magximg

(1) Original alcoholic extraect of moist cells.

(2) Pigment mixture after elution from the
adsorption column with 95% ethanol.
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tween the low and the high maxzimun.

It may be pointed out that Starr(26) found that
the mgximum on crude ethanol extracts of pigments from
various species of Xanthomonas was at 445 'viu « How=-
ever, he did not state the concentration of the gleohol,

The pigments from Sarcinsg lutea were introduced
into this study as a check on technique. The results
obtained agreed with the findings Of Sobin and Stahly (24},
ihAthat 2 pigments were present, each producing a maximum
at 440 m2 gnd a second one at 470 m R,

To determine whether the absorption maximsg of recon-
stituted extracts presented in Table 8 were produced by the
mixture of pigments or the predominant pigment alone, the
predominant pigment of one epiphyte and one pathogen were

removed from adsorption columns by removal of the adsorbent

and eluted with ethanol. With each isolate, the two maxima

on this predominant pigment were the sgme as for the re-
constituted extracts which would appear to indieate that
the secondary pigments were in such small quantity as to
produce a0 significant effect on the result obtained with
the equipment available at this time,
Reconstituted extraets of two isolates were examined
(1)

in more detail in a photoelectric spectrophotometer e

The results are presented in Pigure 2. Pigments of fthe

epiphyte (w=3) showed absorption maxima at 423 and 448 m u

(1) Courtesy of Dr. Jo He Tinford, Cancer Relief
and Research Institute, Winnipeg.
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while those of the pathogen (T-2) showed maxima at 413,
440 énd 471 mun. In another trigl with the same isolates
the epiphyte showed only g singie maximum at 450 mu and
the pathogen thréeAmaxima 420, 438 and 469 mu,

On the.basis of the limited data available in this
study it would appear that the pigment produced by this
epiphyte, if not identiecal with that produced by represent-

atives of the genus Xanthomonas, is similar to it. DPro-

~bably there is as much variation among replicates of one
pathogen as between epiphyte and pafhogen. Por example, on
'the Pa thogen tested with the photoelectric sPectrOphotometer5
the three maxima in the second trial differed from those in
the first trial.

The pigments produced by both types were not dis-
tinguishable with respect to the extracting solvents, part-
ition tests and color tests used in this study. Chromato~
graphic adsorption showed two pigments common to all isol-
ates both of the epiphyte and of the pathogen. A third
pigment was found about as often in the epivhyte as in the
prathogens. 4 chrdmatogram of a mixture of pigments pro-
duced by an epiphyte and a pathogen showed the ssmo three
banés as shown by pigments from each type separately.
Further, the absorption spectrum maxima of the original
aleoholic extracts and the reconstituted extracts obtained
on the Gaertner spectroscope‘were the same on the epiphyte
as on the pathogens. The bredominant pigment of the epi-
phyte showed the Same maxima ss that of Xanthomonas but

no finding was made on the maxims of other pigmeﬁts present.
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DISCUSTION

Prom the foregoing it is apparent thaéﬂfhere are
many similarities between the yellow epiphyte and the
Pathogens of Xanthomonas studied. Although this study
revealed a morphological difference, inasmueh as there
appeared to be a tendeney to less uniformity in length of
cells in any isolate of the epiphyte than was the cgse
with the pathogens studied, this difference was so slight
that any attempt to differentigte them on the basis of
this factor wouldé prove hopeless. Furthermore, the var-
iétion in size of cells in certain species of Xanthomonas,
as presented in Bergey et al. (5), is as great as that
found in agny 1solate of the epiphyte.

The slight growth of the epiphyte in g medium con-
’faining asparagine'as the sols source of carbon and nitro-
gen, and the still smaller amount shown by certain path-
ogens, might indicate a quantitative rather than a qual-
ative difference. The variations to whieh bacteria are
subject, closely related types in psrticular, might
conceivably produce a condition not different in kind dut
more extreme in degree than thatwwhich existed between
more complex forms. It should be noted that there is not
general agreement among taxonomists respecting what shall
constitute a determingtive character and any strict dividing=
line is chosen arbitrarily - and subject to revision if the

need arises. Whether the inability of species of Xantho-

T0has to use asparagine as the sole carbon and nitrogen
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source is of sufficient importance to be econsidered as g
generie characteristic appears questionable. Dowson (7)
did not méntion this character when he first proposed
the genus Zanthomonas.

Probably the epiphyte is merely a more adaptive
éarasite than the pathogeqs used in this study sinece the
pathogens failed to show growth in the basal medium of
Starr (27) while the epiphyte showed slight growthe Starr
divided the species of Xanthomonas into various rhysiolog=
ical groups. It would appear that the epiphyte belonged
%o an intermediate group - more adaptive than some
"fastidious" pathogens which did not grdw in the basal
medium but more sPeciélized than the "non-exacting" species
Which grew well in ite. |

Isolates of the epiphyte dia not produce evidence
of infection on the host plants tested in this study and in

this respect appear to differ from Zanthomonas speciés,

ingsmuch as this genus, gt present, contains only plant
pathogens. Elliot (9) pointed out that since the number
of bacterial plant pathogens was small compared with the
large number of soil and water bacteria, saprophytes, and
animal and humgn parasites, pathogenicity was not a sound
baéis for generic delineation. TMowson (7)’considered
pathogenicity unsuitable as a generie charascter because
it did not lead to the arrangement of bacteria inte

natural groups of related organisms. It would appear that
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provision was made by Bergey et al. (3) for inecluding other
closely ralated nopn-pathogenic species in Ka@ﬁhgmgggg.since‘
this genus is not limited to plant pathogens alone but is
characterized merely as eontaining "mosfly plant pathogens®,
This study appeared to show a similarity between pig-
ments of the epiphyte and the soecies of Zanthomonas studied.
Burkholder (5) claimed that the pigment produced by members
of XZanthomonas was identieal in all species. Aceordingly,
os this basis, the epiphyte could be considered im the same
group as the pathogens. Héwevef; too much weight should not
be placed on sameness of pigmentation as a basis for genus
characterization. In 2 chance isolate used in this study
as a mere check on technidque, it was found that the pre=
dominant pigment of Sarcina lutea was identieal with that
of the epiphyte and the pathogens. Sobin and Stahly (24)
thought it probable that different strains of a certain
speeieswwould be found to produce different pigments.

They examined 18 strains of Staphylococeus aureus (now

Micrococeus pyogenes var. gureus) and found two pigments

common to all with some variation in regerd to a third.
Further, a number of carotenoid alcohols and hydroecarbons

have been isolated from different species of Plavobacterium

by these investigators.
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SUMMARY

Thirty-one isolates of the yellow epiphyte from
various sources and seven isolates of certaln named

species of Xanthomonas were plated and reisolated

to ensure purity and sudbjected to comparative study.

4 slight difference in morphology was noted while

the cultural characteristics were idemtical.

Ispolates of the 9piphyte and the named species of
Zanthomongs showed a close agreement in nutritional
requirements. Neither group could utiiize arginine
as the sole source of carbon and nitrogen or tartarie

acid as the only earbon supplye.

4 difference wags noted between the two groups in g
medium containing asparsgine as the sole source of
earbon and nitrogen, in the basal medium of Htarr

apd in nutrient broth at pH 4.5.

Appfoximately 500 tests of pathogenicity were per=
formed on wheat, 0ats and barley using 19 isolates
of the epiphyte, none of which produced»disease,
and four representatives of the "blgek-chaff®

bacteria which produced characteristic lesionse.

?igmentg produced by the epiphyte and the named

Species of FXanthomonas tested were similar with
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regard to the lipocyan reaction, extracting solvents,
partition tests, color tests and chromatogravhie

gdsorption.

The predominant pigment of each group showed absorp-
tion speetrum maxima at 440 and 470 mfe e on g Gaertner

spectrosceope, as did the two pigments produced by

Sarcing lutes.

In each aase; one epiphyte and one pathogen showed as
much difference in results between duplieate trials
a8 there was between the two calturas; when observed

on a photoelectric spectrophotometer@
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