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INTRODUCTION

The inherent characteristics of bacteriophages have made them excellent

tools for the investigation of biological phenomena. Serological reactions

of the bacteriophage, i.e., the production of immune serum and inactivation

of the antigen with this serum, is one of the most specific of all phage char-

acteristics. The specificity of the immune responses provides an invaluable

tool for the determination of antigenic relationships j closely related anti-

genic substances demonstrate cross reactions, the strength of the cross

reactions being an indication of the degree of relatedness. For this reason,

the relationship of phages to one another can be determined on an antigenic

basis.

Several workers (Burnet, 1933 and Delbruck, 19li6) have demonstrated

distinct serologic groups in the T series of phage active against Escherichia

coli. The T series comprising seven bacterial viruses, T^ through T7, after

serologic analysis formed four unrelated antigenic groups: (1) T-j_, (2) T2 ,

T^ and T6, (3) T3 and T7, and (It) T5, as indicated in Table 1 (Luria, 1953).

Table 1. Cross-neutralisation by representative antiserum against bacterio-

phages T^ - T7.

t
•

I
1 Fractional Rate of Inactivation

Serum
: ^
•

: T2
•
•

: T3
4

:

:

* : T5
1

•
•

:

T6 : T7
:

Anti-Ti 80
Anti-T2 llOO 150 80

Anti-T3 120 30
Anti-Tj, 75 250 20

Anti-T£ 80

Anti-Tg 200 Uo 500
Anti-T

7 75 120



Although the antiserum of any one of these groups showed no detectable sero-

logical cross reaction with any other group, phages within a group demonstrated

cross reactions. For example, T2, T^, and T&when neutralized with T2 anti-

serum, had serologic or K values of 200, 50 and 5*0 respectively, while T3 and

Ttj treated with the same antiserum had zero K values (neutralization con-

stants). Since the immune response was controlled by the protein antigen,

the serologic or K values are indicative of the antigenic rclatedness of the

phages. Therefore, T5 was more closely related to T2, than to T^, and T^ was

more closely related to T2 than to Tg.

Fisenstark and Thornberry (1°50) observed differences in the plaques of

the bacteriophages active against Xanthomonas pruni and suggested the possi-

bility of distinct genetic varieties. Mandell (1?!>0) and Mandell and Eisen-

stark (1953) isolated five distinct genetic varieties of pruniphage: IPj_

through XPcj. A few years later another variety, XPg, was isolated from a

lysogenic strain by Fisenstark, et al. (19J&).

Mandell (193>0) presented evidence of distinct serological variation of

the viruses active against X» pruni ; indicating differences in the antigenic

stricture. The evidence was insufficient to demonstrate any antigenic re-

lationships of the virus or to correlate their serological specificity with

the morphological characteristics of plaques as demonstrated by Belbruck

(19h6a) for the T series active against E. coli.

The purpose of this study was to determine if an antigenic relationship,

as demonstrated with the T series of F. coli phages, existed between the six

viruses, XP^ through XPe and XP«, that are active against Xanthomonas pruni .

However, during the course of investigation two other phenomena were observed

which were deemed to be important and these were also taken into consideration.

The first of the two phenomena taken into consideration was the effect



of the dilutent on the rate of the reaction of immune serum and phages. Pre-

vious studies had shown that various factors such as, temperature, pH, and

the concentration of antiserum, can influence the rate of inactivation of

bacteriophage by antiserum. Jerne and Skovsted (1953) demonstrated the rate

of inactivation was also dependent on the dilutent and concentration of NaCl

in dilutents. They obtained the highest rate of inactivation in distilled

water. Since broth was originally used as the dilutent in the present in-

vestigation it seemed worthwhile to investigate the possibility of substi-

tuting distilled water for broth.

The second interesting side phenomenon was concerned with a sudden in-

crease in the plaque count, accompanied by a change in plaque morphology

(Table ), following 99 percent inactivation of phage XP~ by heterologous

antiserum. These new plaques appeared larger than plaques of the parent

phage and possessed a very turbid halo as compared to the clear halo of the

parent phage, XP3. This phenomenon opened to speculation the possibility

the the antiserum had induced a mutation of the bacteriophage. Preliminary

studies were made with some of the plaques demonstrating the new morpholog-

ical characteristics in an attempt to explain this unusual phenomenon.

REVIEW OF LITERATURE

Shortly after the discovery of phage by Twort (1917) and D'Herelle

(1926), Bordet and Cuica (1921*) demonstrated the antigenicity of the bacteri-

ophage by their ability to stimulate antibody production in experimental

animals. The antigen has been shown by Burnet et al. (1937) to be one of

the phages* most definite characteristics, regardless of the host at whose

expense they propogate, each phage antigen remains the same. Burnet, et al.



(1937), Pollard (1953), and Lanni (1953) stated that the antigenic unit con-

sists of two portions. The larger part of the antigenic unit was responsible

for the antigenic specificity, the smaller portion being non-specific. Any

variation or change in the activity of the small fraction would not change

the antigenic specificity. For instance, Hershey (19^6) could not detect

any antigenic difference between the host range mutants of T2R type coli

phage mutants which form large plaques with clear halos and its T2?. ances-

tors which form small plaques with turbid halos. So far, an antigenic mutant

has not been discovered for bacterial viruses.

The antiserum produced by the phage inactivates the virus by the de-

position of the antibody on the surface of the bacteriophage, according to

Kalmanson and Bronferibrenner (19ii3) who established this concept by reacti-

vating the phage after digestion of the antibody coat with papain. Similarly

Anderson and Doermann (1952) demonstrated reactivation using sonic vibrations.

Although the bacterial virus may be reactivated by special treatment, Hershey

(19li3) has shown that the reaction of the antigen with the antibody was irre-

versible by demonstrating no increase of infectivity of neutralized phage

when the mixture stood for six weeks after diluting antiserum 1000 times

beyond the concentration causing neutralization. The mode of inactivation

had been thotight to be the prevention of attachment of the bacteriophage to

the surface of the bacterium. However, Hershey (19k3&) demonstrated by direct

and quantitative methods an instance in which the inactivated phage was as

readily adsorbed to bacteria as an active particle, indicating that the

inhibition of some step in the growth cycle subsequent to the attachment of

the phage may also be responsible for the inability to multiply.

Burnet, et al. (1937) observed that the results of the physical con-

ditions evidenced in the reaction of the immune serum combining with the



antigen was typical of a binolecular reaction, provided that one substance

(the antiserum) was in large excess. The rate at which this bimolecular

reaction took place could be influenced by varioiis factors. Andrewes and

ELford (1933) showed that the antibodies combining with the virus particles

in a given interval of time would neutralize only a certain percentage of

these virus particles regardless of the concentration of the phage j this was

termed the "percentage law" • Deviation of the "percentage law" occurred

when 99 percent of the phage was inactivated due to the existence of resis-

tant types of phage. However; the resistance was not genetically controlled,

for it did not give rise to resistant progeny. The greatest percent of in-

activation took place vrith the homologous system, i.e., the phage and the

iaaaune serum produced by that particular phage. Temperature has been shown

by Hershey (19U3) to influence the rate of deactivation iirectlyj for every

10 degree elevation in temperature the rate of inactivation increased by a

coefficient of two. Another factor, the type of dilutent used, was demon-

strated by Jerne and Skovsted (195>3) to be important j the greatest rate of

inactivation being evidenced when triple distilled water was used.

In consideration of these variables, temperature, "percentage law", time

and the bimolecular reaction, Adams (19^0) mathematically expressed the re-

action of the immune serum with virus particles by the formula K * 2.3D/t

tines log po/p. K represented the empirical rate of virus inactivation, D

the dilution, t the time in minutes the antigen and antibody were allowed

to react, and po/p the survival ratio; po represented the number of active

bacteriophage particles at the start of inactivation and p the number at the

end. The equation held for 90-99 percent inactivation of the active phage

present in the original mixture.

Adams (19^0) used the K values to demonstrate the antigenic relatedness



of bacteriophages. If several viruses were antigenically related, the anti-

serum from any one would inactivate the ability of the phage to produce prog-

eny, the most marked inactivation, as previously mentioned, occurring with

the homologous system. The degree of relatedness was determined by the magni-

tude of the differences in K values; for example, the E. coli phages T2, T^

and Tg when neutralized by T2 antiserum had K values of 200, 50 and 90

respectively* Therefore, Tg was more closely related to T2 than to T^, and

ft more closely related to Tg than to T2«

Phage active against Xanthomonas pruni was first described and isolated

by Anderson (1928). The host organism, X. pruni, has been observed to be

widespread in the United States and to be of considerable economic importance

as the cause of bacterial rot of peach and other seed trees. Thornberry,

et si. (19US) demonstrated the specificity of the phage against X. pruni, and

noted that all X. pruni cultures isolated from natural soiirces were lysed

while closely related species X. compestris variety aaoraciae and R. lactu-

caescariolae were not lysed. Fisenstark and Thornberry (1950) observed the

existence of three distinct plaque formations; the differences suggested the

existence of genetic varieties of phage active against X. pruni . Crownover,

et al. (1950) in preliminary investigations determined the effects of some

physical and chemical agents on the growth of the bacteriophage. Mandell

(1950) and Mandell and isenstark (1953) isolated five genetically distinct

viruses, XPi through XP5, active against X. pruni. Several years later

another variety, XP_, was isolated by :isenstark, et al. (195U) from a lyso-

genic strain of Xanthomonas pruni.

From a review of the literature, it may be seen that serology offers a

good tool for determining relationships of phages.



MATERIALS AND METHODS

Determination of Antigenic Relationships

Preparation of Antiphage Sera . For each phage, XP-^ through XPcj and XPg,

two rabbits were injected intravenously (marginal ear vein) with a viable

suspension of high titer phage (10-10 virus particles/ml). The phage

suspensions were prepared by the method described by Bernstein and Eisenstark

(1951i). A bacterin of the host, Xanthomonas pruni, was also prepared and

injected intravenously into another rabbit. Injections were given every k-S

days for a period of three weeks, a week later a booster injection was given.

Seven days following the booster injection, the rabbits were bled by cardial

puncture, the serum harvested and stored in the deep freeze.

Medium. The medium employed (Mandell, 195>0) to maintain host cultures

of Xanthomonas pruni (American Type Culture, No. 10016) and for the plating

technique wast

Glucose 5 grams
NaCl 5 grams
Beef Extract 3 grams
Peptone j> grams
Agar 15 grams
Water 1 liter

The medium was adjusted to pH 7. The bacterial viruses (XP^ - XPij and XPg)

and the host were suspended in broth having all the constituents of the above

medium except the agar.

Assay of Antiphage Sera . The procedure used was essentially the method

proposed by Adams (1950). Each serum was pre-tested to determine the dilu-

tion giving 90-99 percent inactivation in 5-10 minutes with the homologous

system. These limits were used so the results would be applicable to the



formula for determining the antigenic relatedness. The phage stock was di-

luted to a titer of lofyml of which 0.1 ml was added to 0.9 ml of the serum

dilution previously determined j all phage dilutions were made in distilled

water. One-tenth ml of the serum-phage mixture was removed every five

minutes for 30 minutes, starting from the time at which the serum was added

to the phage. To stop the action of the antiserum against the bacteriophage,

0.1 ml of the serum-phage mixture was added to 9*9 ml of the dilutent. One

a

ml of this dilution was then added to h ml of broth containing 10° host

bacteria per ml. The 5 ml of phage-host suspension was then added to 2 ml

of melted agar cooled to U5° C, mixed and immediately poured over a sublayer

of previously solidified agar. The plates were incubated at 2k° C and ex-

amined 2k hours later.

Calculation of K Values ( Neutralization Constants ). The formula used

to determine the K values of the assayed antisera was proposed by Adams

(1950): K 2.3D/t times log po/p. K represented the empirical rate of the

phage inactivation, D the dilution of the antiserum, t the time in minutes

the antiserum had reacted with the phage and po/p the survival ratio. Po was

the titer of viable phage at zero ti."ie and p the titer at the subsequent

time intervals. The formula held only for the inactivation of the 90 to 99

percent of the original amount of phage. The degree of relatedness was

determined by the magnitude of the differences in K values.

Effects of Dilutents on the Rate of Inactivation

The bacteriophage XP^ and its antiserum was used in all experiments per-

taining to this phase of the work. Four dilutents were used: distilled

water, broth, 1.0 N NaCl, and 0.1 N NaCl. The mixture of reacting agents



were prepared by placing 1.0 ml of XP^, titer of 10' phage particles/ml, in

the bottom of a two liter flask and the same volune of undiluted antiserum

in the second flask. One liter of the dilutent was poured into the first

flask and immediately transferred to the second flask. The point at which

the contents of the first flask were added to the second flask was designated

as zero tine. Every five minutes beginning with zero time 1.0 ml of the

serum phage mixture was removed and added to h ml of the host suspension

which was plated and incubated in the same manner as previously mentioned.

Preliminary Investigation of Suspected Antigenic Mutants

Isolation. A few plaques showing the altered morphological character-

istics were picked from a plate originally containing XPo phage which had

been inactivated by XP« antiserum (Table ). The isolated plaques were

placed in 100 ml of host suspension and incubated at 22° C for 2\\ hours. The

host-phage suspensions were centrifuged at 20,000 r.p.m. to obtain cultures

of the isolates free of host bacterium and debris from lysis. One ml of each

isolate was titered and the morphological characterictics of plaques were

compared with those of the original isolates.

Determination of Host Range . Two cultures of host, X. pruni, which were

not lysed by any other of the pruni phage series were used to test for the

host range of the suspected mutants. Three spot inoculation plates were made

for each isolate, incubated at 22° C and examined 21* hours later.
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Table 2. X values (serum
XP^ antiserum.

inactrmtion constant) after neutralization with

-
,

Phages : Po count s

•
•

P count :

t

•
i

% inactivation : Time
M inutes

«
•

«
*

K

**1 1.67 x 107 1.7 x 10* 98.0 15 U3

xp
2

7.62 | 10? 1.13x 106 98.5 10 3h

xp
3

3.67 x 107 6.U x 10* 98.3 10 25

™k 1.38 x 108 3.5 x 10
6

93.9 20 13

xp
5

1.16 x 107 8.0 x 10* 93.3 20 13

xp
8

1.16 x 106 7.0 x lcA 93.U 15 1U

Po s pha^c assay at zero time.

P s Phage assay at tine (T).

Ti»e Length of exposure of phage to antisenna.

X s Serun inactivation constant*

Table 3. X values (serwt
XPo antiserum.

inactivation constant) after neutralization with

Phages
J :

» Po count :

1 :

t

P count t

9
i

% inactivation :

•
*

Time
Minutes

•
•

t

•
•

1

* 1.05 x 106 3.5 x 101* 95.6 2h Uo

XP
2 2.0k x 106 1.U x 10* 96.2 2U 30

xp
3 5.75 x 10* 3.5 x 10^ 90.0 8 68

n^ 1.7 x 106 3.0 x 101* 98.U 16 50

xp
5

2.U r. 106 6.0 x 101* 96.5 2li U2

»8 1.06 x 106 U.O x 106 96.7 15 53
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Table h» K values (serum
XP> antiserum.

inactivation constant) after neutralization with

: t : X

Phages i Po count :

• •
• •

P count s

:

% inactivation :

:

Time
Minutes

* K
•
•

«i 1.33 x 106 3.0 x 10** 95.6 15

,

37

ip2 3.23 x 106 1.25 x 10* 96.2 20 32

xp
3

1.02 x 10
6

1.05 x 10* 90.0 5 91

xp
u

1.56 x 106 2.5 x lO1* 93.lt 10 102

xp
5 3.17 x 106 1.10 x 10* 96.5 10 67

xp
8

1.06 x 10
6

3.5 x 10^ 96*7 15 U5

Table 5. K values (serum
rv antiserum.

inactivation constant) after neutralizati on with

• •
•
•

—i—
•

•
•

Phages : Po count s

x :

P count :

:

% inactivation
•
•

»
•

Tiaie

Minutes
* K
•
•

»1 1.09 x 106 9.5 x 10^ 91.0 10 2U0

xp
2 2.92 x 106 2.U x 10* 91.8 15 155

xp
3 9.U x 105 1.25 x 10* 87.0 5 219

™k 9.55 x 10* Ii.5 x id* 95.3 10 305

xp
5 3.29 x 106 7.5 x lO1* 95.6 10 iiOl

xp8 1.06 x 106 5.0 x icA 97.9 20 152
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Table 6. K values (serum inactivation constant) after neutralization with
XPg antiserum.

Phages

: t

: Po count i

: :

P count :

:

% inactivation :

•

Time
Minutes

:

: K
:

I?1 kJk xio6 .15 x 10* 91.3 30 3.1

xp2 1.U5 * 107 1.69 x 106 83.8 30 3.3

xp
3

1.01 x 107 3.35 x 10* 96.7 30 6.0

XPJ; 5.75 x 10
6

5.50 x 10* 91.0 17 6.9

xp
5

1,05 x 107 7.0 x 10* 93.3 17 3.U

xp
8

5.16 x 10 7 5.15 x 10* 99.0 17 11.2



EXPLANATION OF PLATE I

Figures 1, 2, 3» Plaque morphology of XP,.

Figures it, 5, 6. Plaque norphology of XPg.

Figures 7, 8, 9. Plaque morphology of XP*.

Figures 10, 11, 12. Plaque morphology of XP^.

Figures 13, UU, 15 • Plaque norpholoey of IP^.

Antigenic relationships! (XPg, X?^ (XP^) (XP^, XP^),

thereforo, XP-^ was aore closely related to X?^ than XP2» aat

XPt acre closely related to XP, than XP^« The antigenic

groups correspond to the plaque itorphologlcal groups*



PLATE I

11;
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The K value obtained from the effect of different dilutents upon the

rate of reaction of immune serum and phage are listed in Table ?• The high-

est valiie was obtained when distilled water was used as the dilutent, broth,

0.1 N NaCl and 1.0 N MaCl followed respectively.

Table 7. K values (serum inactivation constant) with XPo antiserum in deter-

mination of the effect of dilutents upon the rate of inactivation.

I
•

Phage XP3 :

1

Po count
I

:

1

:

P count :

t

% inac:tivation
1

1

l

Time
Minutes

i

: K
t

Dilutents

Water 1.U x 107 2.k x 10* 98.3 10 201

Broth 1.23 x 107 1.55 x 10* 98.7 20 109

0.1 N NaCl 1.2 x 107 1.55 x 105 98.7 20 109

1.0 N NaCl 1.16 x 107 2.25 x 10* 98.1 20 99

Table 8. Jump in inactivation curve after exposure to antiserum beyond the

99 percent end point.

Phage XP,
Minutes of exposure to XPg antiserum

10 15 20

Plate count

Plate count

336 2U U U2

Minutes of exposure to XP£ antiserum

188 25 1 7 US
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Table 9. K values of the original pruni phages and the possible mutant with

XPg antiserum.

Phages 1 Po count

• • •
t • *

: P count : % deactivation :

: :

Time
Minutes

:

: K

•

**1 U.U x 106 8.15 x 10* 91.3 30 3.1

XP2 1.U5 x 107 I.69 x 10
6

88.8 30 3M

XP^ 1.01 x 107 3.35 x 10* 96.7 30 6.0

*fc
5.75 x 106 5.50 x 10* 91.0 17 6.9

"5 1.05 x 107 7.0 x 10* 93.3 17 8.li

^8 5.16 x 107 5.15 x 10* 99.0 17 11.2

»x 1.01 x 107 U.li5 x 10* 98.0 17 7»2

fable 10. Survival ratio and calculated K values of the original pruni
phages and the possible mutant with XPt antiserum.

Phages : Po count ''

: t

> P count : % inactivation :

: t

Time
Minutes

_j

!

K
•

»x h.k2 x 10
6

3.75 x 10* 82.0 17 m
n>

2
1.56 x 107 1.60 x 10

6
90.0 17 227

"3 1.15 x 107 1.2 x 10* 90.0 h U55

"U 5.75 x 106 3.0 x 10^ 98.6 10 U28

ip
5

1.16 x 107 7.0 x 10
1
* 9^.0 k 510

»8 3.0 x 107 2.37 x 10
6

92.1 10 253

"x 9.62 x 10
6

7.5 x 10^ 92.1 u 1*85
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After propogation of the phage (XPX) isolated from one of the plaques

which suddenly appeared after 99 percent deactivation during the determin-

ation of the K values, it demonstrated the same plaque morphological char-

acteristics as the plaques which were originally isolated. Namely, an

increase in size and a very turbid halo as compared to the smaller plaque

and clear halo of the parent phage, XP (Plate 2). The new phage (XP
X)

lysed the host range mutant that was resistant to infection by the other

phages. The K values obtained with t.ro antisera, XPg and XP^, showed a

significant difference from the parent phage and are listed in Tables and



EXPLANATION OF PIATE II

Figure 1. Plaque morphology of XP*.

Figure 2% Plaque morphology of XPX»
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RESULTS

The K values obtained from the assay of the antisera are listed in

Tables 2-6. Each phage demonstrated greater deactivation for the homologous

system except XPg. The values which were obtained were not included in the

tables. The erratic behavior of XP2 could not be explained. The bacterio-

phage used for injections was checked after the erractic results end found

to be free of contaminating phage or bacteria. In spite of the erratic

results, in the case of XPg, the sane group relationships were found to exist

with the other antisera, namely, (XP2, TPj) (XP3) (Xfy, XP5, XPq).

The relationships between the phages for each of the other antisera were

as follows. The first represents the phage which had the highest K value

with that particular antiserum and the others ore arranged in descending

order.

IP1
antiserum, XPj^ XP2 IP3 X?q, XPj^, XP^j

XP3 antiserum, XP3 XP3, XP^ XP5, XP^ XP2J

XPj, antiserum, XPj^ IP3 XP5 XPg XPX, XP2 j

XP5 antiserum, XP5 XP^ XPX XP3 XP2, XP31

XPg antiserum, XPg XP5 XP^ XP3 XP^ XP2 .

The antigenic relationships found, (XP2, XPi) (XP3) (XP^, XP5, XP8),

could be correlated with the plaque morphologic characteristics of the bac-

teriophage (Plate I). This indicated that either method, serology or plaque

morphology, could be used for phage identification. The host antiserum had

no effect on the phage, nor did normal rabbit serum.
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DISCUSS 3D N

The results indicated that the bacteriophages of X. pruni could be

grouped into three distinct antigenic groups even though the phages formed

a -very closely related group of antigenic entities. The individual and group

relationships evidenced in the experimental work were: (XP2, XP]_) (XP3)

(XP^, XPg, XPtj)« The lack of response of the phage to the host antiserum

indicated no antigenic relationship between the host and the phages. Unlike

the T series active against E« coli, the pruni phage exhibited no unrelated

antigenic groups. On the other hand, the pruni series resembled the coli

series with regard to correlation of serological properties with plaque

morphology; i.e., when two phages had K values similar to each other, the

plaque morphologies were similar. The correlation of plaque morphology and

antigenic relationships is an interesting one.

The highest rate of inactivation of the phage by antiserum was observed

when distilled water was used as the dilutentj broth, 0.1 I NaCl and 1.0 N

NaCl gave respectively lower values. The K value obtained when distilled

water was used was approximately twice that of the other dilutents. The dif-

ference in K values between broth and 0.1 NaCl were insignificant, however,

the difference between 1.0 N NaCl and the two dilutents previously mentioned

were significant. Although a higher value was obtained with 0.1 H NaCl as

compared with 1.0 N NaCl, the difference between the two values did not

approach that which was demonstrated by Jerne, et al. (1?53). Upon the basis

of this experiment the broth originally used as the dilutent was replaced

with distilled water.

The observation of an increased plaque count with plaque morphologic

change after inactivation of A|? with heterologous antiserum has opened to
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speculation the possibility of antiserum inducing a mutation on the bacterio-

phage. The possibility of the new plaque type existing as a contaminant was

eliminated by the lack of such morphological plaque types on the plates of

the previous tine intervals of the special phage, XP^ in "this case, from

which the plaque variant was isolated. The lack of the new phage type on

the previous plates would also eliminate adaptation as the causative factor,

for if adaptation was responsible the new types would appear in greater

numbers as inactivation approached the maximum value. As may be seen from

Table , this did not occur. Neither could one phage produce this effect by

multiplication since the host-virus suspension was plated immediately after

mixing, thus preventing propagation. It also was unlikely that the increased

plaque formation wz.s caused by partially inactivated phage belatedly infect-

ing a bacterium since the plaque size was larger than its predecessor, JTy

A partially inactivated phage would produce a smaller plaque as the immune

serum would inactivate the portion to which the antibody was adsorbed, there-

by, partially inhibiting the propagation process. The K values obtained also

indicated a difference in antigen structure. Taking the various factors into

consideration, it seoras plausible that the antigen in some manner was altered

by the action of the antiserum, and that this change could be carried from

parent to offspring phage.

SIMMART

Antiserum was prepared for each virus type and the host, Xanthomonas

pruni, and assayed by prescribed methods to determine if an antigenic rela-

tionship existed between the phages. The assay of the antisera demonstrated

that the phages constituted a group of closely related antigens which could
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be separated into three groups. The host and the phage were antigenically

dissimilar as the X. pruni antiserum had no effect on the phage. In cases

where the phage types resembled each other serologically, they also resem-

bled each other with respect to plaque morphology.

An experiment on the effect of the dilutents on the rate of phage

inactivation was performed and the results obtained showed that distilled

water gave the highest rate of inactivation while the presence of salt inhib-

ited the rate of inactivation.

During the determination of the antigenic relationships, a sudden in-

crease in the plaque count and plaque size was observed after 99 percent

inactivation of the phage by antiserum. Preliminary studies indicated that

the new phage was a new genetic variety since, when it was subcultured, the

new type produced plaques identical to the plaque originally isolated. The

new variety had a different host range than ..my other of the phage types.

Serologic methods suggested that the new type was a distinct antigenic entity.

Taking these various factors into consideration it appeared as if the anti-

serum could induce the phage to mutate forming a new type of phage *rith dis-

tinct antigenic properties. Further investigation is necessary to verify and

characterize this phenomenon.
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The inherent characteristics of bacteriophage have made them excellent

tools for the investigation of biological phenomena. One of the most spe-

cific of all phage characteristics is its serological reactions; the produc-

tion of imuune serum and inactivation of the phage with this antiserum. The

specificity of theso reactions enables determination of antigenic relation-

shipsj closely related antigens demonstrate cross reactions, the degree to

which the cross reactions approach each other being an indication of the

relatedness of the antigens.

Several workers have demonstrated distinct serologic groups in the T

series of phage active against Escherichia coli and correlated these sero-

logic groups with the morphologic characteristics of the phage.

The purpose of this study was to determine if antigenic relationships

existed between the six viruses (1?^ through XP5 and XP8> which are active

against Xanthomonas pruni. Included in this study were two interesting

phenomena which wera observed during the course of investigation. These

phenomena were the effect of the dilutent upon the rate of reaction of immune

serum and the phage, and the sudden increase in the plaque count after 99%

inactivation of the phage accompanied by a change in plaque morphology of

the phage#

Antiserum was prepared for each virus and the host, Xanthomonas pruni,

by intravenous injection (marginal e?>r vein) of a high titer stock (10 -10

organisms/ml.) every 3 or k days for a month, after which the rabbits were

bled by cardial puncture, the serum harvested and stored in the deep freeze

until used.

The antisera was assayed by prescribed methods. The phage, diluted to

10' virus particles/ml., was added to 0.9 ml. of a dilution of antiserum,

previously determined, giving 90-99^ inactivation of the phage in 5-10



minutes. Every five minutes for 30 minutes 0.1 ml. of the serum phage mix-

ture was removed and added to 9«9 ml* of distilled water to 3top the action

of the antiserum. One ml. of this dilution was added to the k ml. of host

and plated by the agar layer technique. Tho plates were incubated at 2k° C

and examined 2k hours later.

The formula used to determine the K values (neutralization constants)

was K a 2.3D/t times log po/p. K represented the imperial rate of phage

inactivation, D the dilution of antiserum, t the time in minutes the anti-

serum had reacted with the phage and po/p the survival ratio. To war, the

titer of the phage at zero time and p the titer at subsequent time interval.

The formula held only for inactivation of 90-99$ of the original amount of

phage. The degree of relatedness was determined by the magnitude of the

differences in K values.

The effect of the dilutent on the assay of antiphage serum was deter-

mined by placing 1.0 ml. of XP3, titer of 10? phage particles/ml., in the

bottom of a 2 liter flask and the same volume of undiluted antiserum to a

second flask for each dilutent used. One liter of each dilutent, distilled

water, 1.0 N NaCl, 0.1 N NaCl, and broth was poured into the first flask

and immediately transferred to the second flask. Every five minutes starting

with zero tine, 1.0 ml. of the serum phage mixture was removed and added to

k ml. of host and plated by t.he agar layer technique and incubated in the

sane manner as previously mentioned.

To make preliminary investigation on suspected phage mutants, a few

plaques showing the altered characteristics were isolated and placed in 100

ml. of host suspension and incubated at 22° C for 2k hours. The host-phage

suspension was centrifuged to obtain a phage culture free of bacteria and

debris from lysis. The phage obtained from this procedure was titered and



the morphological characteristics compared to the original isolates. The

host range of the phage was tested against two host range mutants.

The assay of the antisera strated that the phages active against

TCanthcmonas pruni constituted a group of closely related antigens which could

be separated into three groups: (XP2, X?i) (XP3) (XP^j XPg, XPcj). The

host and the phage were antigenically dissimilar. In instances where the

phage types were similar serologically, they also resembled each other with

respect to plaque morpholo.Q .

An experiment on the effect of dilutents was carried oat and the results

obtained agreed with those of previous workers: distilled water gave the

hi-frest r -te of inactivation while the presence of salt inhibited the rate

of inactivation.

Preliminary studies on the susoected phage mutant isolated from a plate

showing a sudden increase in plaque count and change in plaque morphology

after 99% inactivation indicated the new phage was a new genetic variety

having a different host range than any of the other types of phage. Sero-

logic methods indicated that the new type was a distinct antigenic entity.

Taking these various factors into consideration, the possibility exists that

the antiserum could induce the Dhage to mutate forming a new type of phage

with distinct antigenic properties. Further work must be done to verify

and characterize this phenomenon.


