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The purpose of this study was to find what effect temperature

and immunization has on the phagocytic activity of fish leukocytes

against certain disease causing bacteria. Also proposed was the

isolation and characterization of a leukocytolytic factor produced by

one of these bacteria, Aeromonas salmonicida.

Investigations revealed that temperature had no significant effect

on the phagocytic activity of leukocytes from either immunized or

nonimmunized rainbow trout toward Aeromonas salmonicida and

Vibrio anquillarum. Leukocytes from rainbow trout immunized with

killed A. salmonicida vaccine showed a significantly higher phagocytic

activity than those from nonimmunized rainbow trout toward A.

salmonicida at 12°C and 23°C, but not at 7°C and 18°C. The phago-

cytic activity of the leukocytes from rainbow trout immunized with

killed V. anguillarum vaccine was significantly higher against V.

anguillarum at 70, 120, 180, and 230C.



A material characterized as a glycoprotein was isolated from

the supernatant of a broth culture of A. salmonicida by combinations

of ammonium sulfate and ethanol precipitations followed by DEAE

chromatography. A virulent strain of A. salmonicida produced more

of this substance than an avirulant strain. This material was demon-

strated to be cytolytic to rainbow trout leukocytes, and salmon and

steelhead embryo cell cultures. An affinity for cell membranes was

indicated by a hemagglutinating activity with sheep erythrocytes.

Intravenous injection of the material into rainbow trout caused marked

leukopenia followed by leukocytosis with an ultimate return of total

white cell counts to normal. Simultaneous intraperitoneal injections

of the material with one LD
50

of A. salmonicida greatly increased

the susceptibility of the host to the organism, indicating that this is

a virulence factor.

The ratio of protein, as assayed by the Lowry method, to

hexose, as assayed by the anthrone method, was consistently between

0.35 and 0.45 with small amounts of amino sugars noted. No lipids

were detected by the assay methods used. The material was demon-

strated to be antigenic and appeared to have a molecular weight of

between 100, 000 and 300, 000 as indicated by ultrafiltration methods.

Electron micrographs revealed aggregates of oval or egg-shaped

particles measuring approximately 40 nm by 25 to 30 nm per particle.



It was determined that the leukocytolytic factor is not the endotoxin

produced by this bacterium.
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ISOLATION AND CHARACTERIZATION OF A LEUKOCYTOLYTIC
FACTOR ISOLATED FROM AEROMONAS SALMONICIDA

INTRODUCTION

Phagocytosis is one of the first and most important lines of

defense against bacterial infections in animals and has been demon-

strated to take place in fish. For this reason, investigations were

undertaken to explore the phagocytic activity in rainbow trout (Salmo

gairdneri) and some of the factors that influence it. Previous reports

of a leukocytolytic or antiphagocytic factor produced by Aeromonas

salmonicida (Mackie and Menzies, 1938; McGraw, 1952; Griffin,

1954; Klontz, Yasutaki, and Ross, 1966; Herman, 1968; Mawdesley-

Thomas, 1968), and the conjecture that it might be the endotoxin led

to the isolation and characterization of this material.

Two Gram-negative fish pathogens, one motile (Vibrio anguil-

larum) and one nonmotile (A. salmonicida) were utilized to charac-

terize the phagocytic activity of blood leukocytes in vitro. The effect

of different temperatures on the level of phagocytic activity was

examined. The amount of phagocytosis exhibited by the leukocytes

from fish previously immunized with killed whole bacterial cells was

quantitated and compared to that of leukocytes from nonimmunized

rainbow trout.
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After determining that a leukocytolytic factor was produced by

A. salmonicida an assay method was devised to both detect and

quantitate the substance. Attempts were then made to isolate and

characterize the material. Further efforts were made to determine

its effect on the fish leukocytes and to evaluate the factor's relation-

ship to the parent organism's pathogenicity.

One main objective of this work was to evaluate any effect

temperature might have on the phagocytic activity of leukocytes from

nonimmunized and immunized rainbow trout, affecting, perhaps, the

prevention and/or treatment of the diseases caused by these bacteria.

Isolating and characterizing a leukocytolytic factor produced by A.

salmonicida would lead to a greater understanding of the general

phenomenon of virulence and, more particularly, the precise effect

of a specific virulence factor on the host in the disease process.
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LITERATURE REVIEW

Phagocytosis

There are numerous reports and publications including several

comprehensive reviews covering aspects of phagocytosis. Suter

(1956) provides an excellent review covering the polymorphonuclear

leukocyte (PMN), the mononuclear leukocyte (MN), and their functions,

In addition many factors that influence the phagocytic activity are

discussed.

A review dealing mainly with the post-phagocytic events and the

knowledge of the phagocytes in the immune response is covered by

Rowley (1962). Suter and Ramseier (1964) discussed phagocytosis and

clearing mechanisms. They also list as some of the variables influenc-

ing the host cell - parasite interaction: the nature and method of obtain-

ing phagocytes, the age and type of leukocytes employed, the age of

the microbial culture used, the cell-to-microbe ratio, the microbial

heterogeneity, the nature of the surface on which phagocytosis takes

place, and, "most important of all, " various opsonizing factors.

Cohn (1965) describes the origin, function, metabolism, and

differentiation on monocytes and macrophages. He discusses

"blocking" the reticuloendothelial system which may be due to

"stuffing" the macrophages with large doses of particulate material,

or due to the removal of essential opsonins from the serum by the
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large doses of particulate material. Bacterial endotoxin stimulation

of phagocytes is by macrophages may be due to the multiplication and

increased movement of macrophages, the increased activity of

individual cells, and the release of opsonic factors into the serum.

Jacoby (1956) describes and details techniques for isolating and

culturing macrophages. Hirsch (1965), in his review, describes two

classes of phagocytes, the PMN phagocytes and the MN phagocyte

which includes monocytes and macrophages. He also describes the

phagocytic act itself and the following events of degranulation and

digestion. Cohn (1968) details the difference between monocytes,

described as immature macrophages present in the circulating blood;

and macrophages, the mature extravascular cells or tissue macro-

phages. He describes and differentiates these cells using bright-

field, phase-contrast, and electron microscopy.

A study of the interactions between rabbit PMN's and staphylo-

cocci was conducted by Cohn and Morse (1959) in which they fixed

smears with methanol and stained them with Giemsa stain for

examination and enumeration. Using isotopically labeled bacteria

that had been ingested by PMN's andMN's, Cohn (1963) found that

phagocytes from immune rabbits did not differ from normal cells in

their ability to degrade homologous labeled bacteria. He also found

that immune sera had a temporary inhibiting influence on the degrada-

tion of the ingested bacteria, possibly by protecting against intra-

cellular enzymatic activity.
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Hsu and Radcliffe (1968) and Wells and Hsu (1970), in their

studies of interaction between guinea pig macrophages and Salmonel-

lae, found that the avirulent form of the bacteria was more susceptible

to ingestion than the virulent form. They also observed that immune

sera enhanced the phagocytic activity against the virulent strain of

bacteria.

Wood's review (1960) dealt particularly with encapsulated

bacteria against which phagocytosis is the principal defense mech-

anism. Wood noted that in situations where differences in phago-

cytability were related to virulence the only adequate way to demon-

strate this in vitro was by tests that specifically measured surface

phagocytosis Mixtures of cell suspensions diluted cell concentra-

tions to a greater degree than did inflammatory exudates. Glass

alone inhibited the effectiveness of the phagocyte because there was no

surface against which the bacteria or particle could have been

trapped. The overall effectiveness of the phagocyte was also

influenced by the suspending medium.

Of the many factors that influence phagocytosis, Bjornson and

Michael (1971) studied immunoglobulin type G (IgG) and immunoglobu-

lin type M (IgM) opsonins and heat-labile serum components in the

interaction between mouse PMN's and MN's and Pseudomonas

aeruginosa. Immunoglobulin type G, immunoglobulin type M, and

heat-labile serum factors were required by PMN's for bactericidal
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enhancement, while any one of the three had some enhancing proper-

ties with the macrophage system. With heat-labile serum factors

less IgG than IgM was required for maximum bactericidal effect.

Fish Hematology

Yokoyama (1947) studied the blood cells of the yellow perch

(Perca fluviatilis). He described cell types and methods used in

counting. A mean white blood cell count of 43,400 cells per cubic

millimeter was reported for this fish.

In studying the hematology of sockeye salmon (Oncorhynchus

nerka), Watson et al. (1956) described the leukocytes found in normal

sockeye salmon fingerlings as lymphocytes, thrombocytes ("nucleated

homologue of human platelet4"), and neutrophils. Monocytes were

also described. The thrombocytes and small lymphocytes appeared

quite similar in live preparations, until the thrombocytes began to

bleb or balloon out. This is normal in the clotting sequence.

Weinreb (1958) found, in the histology of rainbow trout,

heterophils (neutrophils), lymphocytes, and thrombocytes. There

were no macrophages and very few eosinophils and basophils.

Macrophages, not usually found in normal blood, were found to be

prominent during bacterial and other infections of the trout. The

method of Yokoyama (1947) was used to count white cells, but the

results of the counts were not given as numbers per volume of blood
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in the paper. Hesser (1960) describes the cells in the circulating

blood of salmonid fish as nucleated erythrocytes, small and medium

sized lymphocytes, thrombocytes, and coarse and fine granulocytes

(leukocytes with neutrophilic, basophilic, or eosinophilic granules).

Field et al. (1943) found means of white blood cell counts in

brook trout (Salvelinus fontinalis) to be 2, 105 cells per cubic milli-

meter of blood and in carp (Cyprinus carpio) to be 3,675 cells per

cubic millimeter of blood.

In a hematological study of mountain white fish (Prosopium

williamsoni), McKnight (1966) found white blood cell counts ranging

from 360 to 25,500 cells per cubic millimeter of blood using direct

and indirect counts that did not include thrombocytes. The leukocytes

were described as large and small lymphocytes, lobed neutrophilic

granulocytes, band neutrophilic granulocytes, metamyelocytes, and

myelocytes. No eosinophils or monocytes were found, although she

did describe unidentified large mononuclear cells. Thrombocytes,

erythrocytes, and lymphocytes from the blood of three estuarine

fishes (common mummichog, Fundulus heteroclitus; striped killifish,

Fundulus parvipinnis; and sheepshead minnow, Cyprinodon variegatus)

were described by Gardner and Yevich (1967) in a study in which the

only granulocytes found were eosinophils.

Four leukocyte types and their Wright-Giemsa staining charac-

teristics were described by Finn and Nielson (1971a) in rainbow trout.
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They were the PMN leukocyte, the lymphocyte, and the MN. This

study indicated that the inflammatory response of rainbow trout is

similar to that of mammals, being only less intense and slower to

appear and resolve. Both the PMN's and the MN's were actively

phagocytic. In a subsequent study concerning the effects of tempera-

ture, Finn and Nielson (1971b) found that the inflammatory response

was the same at 5°C and at 15°C except that the overall response of

both the PMN's and the MN's, including the ability to remove irritant

material, was reduced at the lower temperature.

Furunculosis

Furunculosis, the disease of fish caused by A. salmonicida,

has been known since before the turn of the century. The disease and

the causative organism have been reviewed by McGraw (1952) up to

1952 and by Herman (1968) covering the period from 1952 to 1966.

Later reviews were published as subheadings under more general

titles by Bullock and McLaughlin (1970) and Finn (1970).

The idea of a leucocidin produced by A. salmonicida was men-

tioned in a paper by Mackie and Menzies (1938). However, in another

study (Field et al., 1944), the change in the blood picture of fish

afflicted with furunculosis was attributed to metabolism of the host's

blood sugar that led to hypoglycemic shock.
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The presence of depressed degrees of phagocytosis and chemo-

taxis in a furunculosis infection led Griffin (1954) to postulate that a

leucocidin might be produced by A. salmonicida. In a most intensive

investigation of the pathogenicity of A. salmonicida, Klontz, Yasutaki,

and Ross (1966) reported that the bacterium appeared to become

localized and produced a leukocytolytic material which depressed the

inflammatory response. This material was referred to as a "leuko-

cytolytic endotoxin" by Bullock and McLaughlin (1970). An initial

inflammatory response was observed by Klontz that diminished as

the disease progressed. In the same study these researchers sub-

cutaneously injected rainbow trout with a filtered saline-soluble

extract of A. salmonicida cells prepared according to Liu (1961) and

observed hematopoietic changes in the kidney. These alterations of

blood producing tissue were indistinguishable from the changes seen

in naturally infected fish. Mawdesley-Thomas (1969) suggested that

in addition to the production of a furunculosis leucocidin a reduced

cellular response might be expected considering the relative meta-

bolic rates of fish.

Phagocytic indices were established by Post (1966) for non-

immune rainbow trout and for rainbow trout that had been immunized

with A. hydrophilia. He used in vivo methods involving intraperitoneal

injection of glycogen followed by injection of the bacterium. The fish

were then sacrificed, smears were made, and cells and bacteria were
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enumerated. The nonimmune phagocytic index of 0.30 and immune

phagocytic index of 1.08 were lower than the indices resulting from

the study with A. salmonicida reported in this thesis. His results

more closely matched the results of the work with V. anguillarum.

The opsonization index of 3.6 was comparable to and supported the

opsonization indices reported in this thesis.

Bacterial Leukocytolytic and Antiphagocytic Materials

Bacterial endotoxins have definite and pronounced effects on

leukocytes, including cell disintegration and the reduction of the

number of white cells in the blood of rabbits following intravenous

injection (Braude, 1964). A detailed and comprehensive review of

bacterial endotoxin studies was presented by Landy and Braun (1964)

A cryptococcal polysaccharide has been shown by Bulmer and Sans

(1968) to be a potent inhibitor of phagocytosis, and apparently a

specific one in that it does not inhibit the uptake of other yeasts or

bacteria.

A cell wall mucopeptide isolated from disintegrated staphylo-

coccal cells containing no detectable lipid and little polysaccharide

was found to inhibit PMN migration, but did not kill the cells (Weksler

and Hill, 1968) under their experimental conditions. This lack of

toxicity may be associated with the lack of polysaccharide in the

preparations.
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The affinity of a lipopolysaccharide for cell membranes

investigated by Ciznar and Shands (1971) was found to involve erythro-

cytes, PMN's, MN's, and platelets. Alkali treatment increased the

affinity of the material for erythrocyte membranes, and excessive

amounts caused hemolysis of the red cells.

A substance referred to by the authors (Sato and Arai, 1972;

Sato, Arai, and Suzuki, 1973) as a leukocytosis-promoting factor

(LPF) was isolated from the culture supernatant of Bordetella

pertussis. The material was characterized as a filamentous molecule

containing mostly protein with some sugars and lipid. The LPF

exhibited an affinity for cell membranes and manifested hemagglutinat-

ing activity.
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MATERIALS AND METHODS

Solutions and Media

The Hank's balanced salts solution (HBSS) was prepared as

10X strength solution without the bicarbonate and stored at -20°C until

used. It was then melted, diluted, and the bicarbonate added.

10X HBSS

NaCI 80.0 giliter
KC1 4 . 0

Na
2
HP0

4
7H

2
0 0.9

KH
2

PO4 0.6

MgSO4. 7H20 2 . 0

CaC1
2

2H20 1.86 "

Glucose 10.0

Combine 100 ml 10X HBSS and 10 ml 3.5 percent NaHCO3

solution. Dilute to 1 liter with distilled water.

Trypticase soy broth (Difco)1 was made up according to

instructions and used as the culture medium for growing V. anguil-

larum. Furunculosis broth for the growth of A. salmonicida was

made with 10.0 g Tryptone (Difco), 5.0 g yeast extract (Difco), 2.5 g

NaCI, and 1.0 g tyrosine (Difco) in 1 liter distilled water. It was

sterilized for 20 minutes at 121°C.

1 Difco Laboratories, Detroit, Michigan.
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Bacteria

The bacteria used for the phagocytic work, a strain of V. anguil-

larum isolated from coho salmon (Oncorhynchus kisutch) and a strain

of A. salmonicida isolated from chinook salmon (0. tshawytscha) were

grown in the appropriate medium at room temperature for 24 hours.

The cells were removed by centrifugation at 16,000 x g for five

minutes, washed two times with HBSS, resuspended to an optical

density equal to a No. 3 nephelometer tube (109 cells per ml) in HBSS,

then used immediately.

Phagocytic Indices

Covers lips, used for leukocyte attachment, were washed 48

to 72 hours in 50 percent nitric acid and rinsed in several changes of

distilled water. They were air dried at room temperature and stored

in a covered container until used.

The fish, rainbow trout weighing approximately 115 g, were

anesthetized using 25 ml of methyl pentanol in 1 liter water before

drawing blood or injecting antigens. Prior to drawing blood for the

in vitro phagocytosis studies, 0.05 to 0.1 ml of the appropriate bac-

terial suspension was applied to each coverslip. Blood was then

drawn by cardiac puncture from the fish. One-tenth ml of blood was

applied immediately to each coverslip and mixed with the bacterial
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suspension. The coverslips with the blood-bacteria mixtures were

placed in humidified, covered chambers and incubated at the appro-

priate temperatures for 30 minutes. The coverslips were then

rinsed gently with HBSS to remove the clot and unattached cells,

mounted wet on clean slides, and examined by phase-contrast micros-

copy. Fifty leukocytes were counted in each preparation and the

number of intracellular bacteria noted. The number of intracellular

bacteria divided by the number of leukocytes counted gave a value

referred to as the phagocytic index.

Serum samples from the fish were assayed for agglutinating

antibodies by the macroscopic tube agglutination method (Kolmer,

Spaulding, and Robinson, 1951). The antigen was a saline suspension

of formalin-killed cells of the appropriate bacteria adjusted to an

optical density of 0.5 at 520 nm. The tubes were incubated for two

hours at room temperature and then overnight at 4°C. The titer was

expressed as the highest dilution of serum showing definite agglutina-

tion. Samples of serum from the nonimmunized fish were pooled

before being tested for agglutinating antibodies.

Opsonization Indices

Several yearling rainbow trout, weighing 110 to 120 g each,

were immunized with the test bacteria. The antigens were prepared by

culturing cells of A. salrnonicida in furunculosis broth and
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V. anguillarum in trypticase soy broth for 24 to 36 hours at room

temperature. After harvesting by centrifugation at 10,000 x g for

20 minutes, the cells were washed three times with saline and resus-

pended in 0.2 percent formalin-saline for two hours at room tempera-

ture and overnight at 4°C. The suspensions were examined for

sterility and brought to a concentration of 2 x 10 10 cells per ml (20

times a No. 3 nephelometer tube). Equal volumes of bacterial sus-

pension and Freund's complete adjuvant (Difco) were emulsified by

syringe to syringe exchange. Fish received 0.2 ml of the emulsion

parenterally after being anesthetized with dilute methyl pentanol.

They were then held in three-foot diameter tanks furnished with flow-

ing 12 oC pathogen-free well water. Serum samples, taken when the

fish were exsanguinated, were assayed by macroscopic tube agglutina-

tion tests for agglutinating antibodies.

Enumeration of the phagocytic index of the immunized animals

followed the same procedures described previously for nonvaccinated

fish. For each temperature the mean of the phagocytic indices of the

immunized fish was divided by the mean of the phagocytic indices of

the nonimmunized fish to give a numerical value referred to as the

opsonization index. At the end of these experiments, samples of the

immune sera were pooled, filtered, and frozen for later use.



16

Bacterial Intracellular Survival

Leukocytes were prepared by drawing 4.0 ml of fresh fish

blood into 1.5 ml. of HBSS containing 2 percent sodium citrate, mixing,

and centrifuging at 2,000 rpm for 20 minutes. The buffy coat was

harvested with a capillary pipette and resuspended in 1.5 to 2.0 ml

HBSS containing 2 percent sodium citrate.

Aeromonas salmonicida cells were harvested by centrifugation

from a 24-hour furunculosis broth culture, washed twice with sterile

HBSS, and resuspended to a concentration of 109 cells per ml in

sterile HBSS.

To conduct the intracellular survival time of bacteria, three

acid-cleaned coverslips were prepared for each time sample. Each

of two coverslips were inoculated with 0.1 ml bacterial suspension and

0.1 ml of the leukocyte suspension. The third coverslip was inocu-

lated with 0.1 ml bacterial suspension and 0.1 ml Medium 199

(Microbiological Associates) 2 containing 10 percent calf serum. This

coverslip serves as the experimental control to monitor the effect of

the antibiotics on extracellular bacteria. After application the cell

suspensions were incubated for 30 minutes at 18°C C n a moist chamber

to allow phagocytosis to take place,. The coverslips were then rinsed

with sterile HBSS to remove the loose cells and bacteria.

2Microbiological Associates, Inc., Bethesda, Maryland.
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After this gentle rinsing the coverslips were placed in Columbia

jars containing Medium 199 with 10 percent calf serum and 100 units

per ml penicillin and 100 p.g per ml streptomycin. These were incu-

bated for two hours at 18°C to kill extracellular bacteria. After the

incubation with the antibiotics the coverslips were again rinsed with

sterile HBSS, transferred to Columbia jars containing Medium 199

with 10 percent calf serum, and returned to the 18°C incubator for the

duration of the experiment.

At designated times, zero being the end of the 30 minute incuba-

tion period for phagocytosis, two test and one control coverslips were

removed from the Columbia jars, rinsed with sterile HBSS, and

treated with 0.05 ml of sterile 0.5 percent deoxycholate to rupture the

leukocytes. The coverslips were then placed cell-side down on a

furunculosis agar plate. The plates were incubated at room

temperature and read at 48 and 72 hours.

This experiment was also done using bacteria that had previously

been incubated for two hours at 18°C in Medium 199 containing 10

percent rainbow trout anti-A. salmonicida serum. Each sample

involved: 1) bacteria that had received pretreatment with rainbow

trout antiserum and leukocytes, 2) bacteria that had been incubated

for two hours at 18 °C C n Medium 199 containing 10 percent calf

serum and leukocytes, and 3) bacteria in Medium 199 containing

10 percent calf serum and no leukocytes in order to monitor the
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effectiveness of the antibiotics on the extracellular bacteria. The

procedures for mixing, incubating, and taking samples were identical

to those previously described.

Phagocytosis of Unwashed Bacteria

Aeromonas salmonicida cells from a 24 hour broth culture were

harvested by centrifugation at 16,000 x g for 20 minutes, washed twice

with HBSS, and resuspended to a concentration of 109 cells per ml. A

similar quantity of cells from the same culture was pelleted at 16, 000

x g for 20 minutes and resuspended to 109 cells per ml in sterile

furunculosis broth. The bacterial suspensions and a sterile furuncu-

losis broth control to monitor any white cell damage inflicted by the

broth were subjected to phagocytic activity under the conditions

described before. The mixtures were incubated at 18°C in humidified

chambers for 30 minutes. Procedures for rinsing, counting, and

computing phagocytic indices were identical to those described

previously.

Leukocytolytic Factor Assay

Blood was drawn from rainbow trout by cardiac puncture into

heparin (0.2 units per ml of blood), mixed, and applied immediately

in 0.1 ml aliquots to acid-cleaned coverslips. The samples were then

o
iincubated at 18C in humidified chambers for 30 minutes.
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After 30 minutes the coverslips were gently rinsed with HBSS to

remove the erythrocytes and plasma and placed in Columbia jars con-

taining HBSS for maintenance. At 10 minute intervals, to allow time

for inspection at the end of the incubation period, two coverslips were

removed from the maintenance medium and each placed in a 12 by 50 mm

plastic petri plate (Falcon Plastics)3. Each coverslip had 0.4 to 0.5

ml test material applied to it. The covered petri dishes containing the

coverslips were placed in humidified chambers and incubated at 18°C

for 20 minutes.

After the 20-minute incubation period the coverslips were very

gently rinsed with HBSS, mounted wet on clean microscope slides, and

examined by phase-contrast microscopy for leukocyte integrity and

viability.

This assay method was not only qualitative, but quantitative with

one leukocytolytic unit (LCL unit) being the lowest concentration of

hexose per ml that caused visible leukocyte damage after 20 minutes

incubation at 18°C.

Leukocytolytic Factor in Culture Supernatant

Cells were removed from a 48-hour furunculosis broth culture

by centrifugation at 8,000 x g for 20 minutes and the supernatant was

3Falcon Plastics. Millipore Corp., Bedford Massachusetts.
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filtered through a 0.45 II Millipore filter4. One-half of this super-

natant was concentrated 10-fold by dialysis against a 50 percent solu-

tion of polyethylene glycol5. An equal amount of sterile furunculosis

broth was concentrated in the same manner.

The 1X culture supernatant, the 1X sterile furunculosis broth,

the 10X concentrated culture supernatant, and the 10X concentrated

sterile furunculosis broth were assayed for leukocytolytic activity

against leukocytes on coverslips as described previously.

Isolation of the Leukocytolytic Factor

Furunculosis broth cultures of A. salmonicida were grown in

different amounts ranging from 100 ml to several liters. The leuko-

cytolytic factor was isolated from the culture supernatant by the follow-

ing procedure (diagrammed in Figure 1).

After the culture had been incubated at room temperature (21-

23°C) with aeration for 72 to 96 hours the cells were removed by

centrifugation at 8,000 x g for 20 minutes. Crystalline ammonium

sulfate was added slowly with stirring to the culture supernatant until

0.8 saturation was reached (560 g per liter). After all the ammonium

4Millipore Filters, Bedford, Massachusetts.
5 Polyethylene glycol 6000. J. T. Baker Chemical Co., Phillipsburg,
New Jersey.



Culture supernatant

0.8 saturation (NH4)2SO4

(A) Precipitate in H2O

ETOH 5 vols.

(B) Precipitate in H2O

ETOH 3 vols.

Precipitate in H2O

Chloroform-butanol 0.1 vol.

Discard precipitate

21

D is card supernatant

Discard supernatant

Discard supernatant

(C) Retain supernatant

ETOH 3 vols.

(D) Precipitate in H2O

Washed and concentrated on
XM-100 membrane

(E) Bring to 0.1 M NaCI

DEAE 0,1 M NaCl to
2.0 M NaCI

I I I
Fraction Fraction Fraction

1 2 3

cellulose

Figure 1. Flow diagram of isolation and purification of leukocytolytic
factor (Fraction 1) from Aeromonas salmonicida culture
supernatant.
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sulfate was dissolved, the solution was allowed to equilibrate 16 to 24

hours at 4°C.

The precipitate was pelleted by centrifugation at 8,000 x g for

20 minutes. After removing the supernatant as completely as pos-

sible, the precipitate was dissolved in 40 ml distilled water. The

dissolved precipitate was placed in dialysis tubing that had been boiled

for five minutes and rinsed in several changes of distilled water. The

solution was dialyzed against several volumes and several changes of

distilled water over a period of 12 to 16 hours to remove the ammonium

sulfate.

After dialysis, the precipitate solution was brought to five

percent with respect to sodium acetate by adding the necessary amount

of a 100 percent (w/v) aqueous solution of sodium acetate that had been

adjusted to pH 6.05 using acetic acid. Five volumes of cold 95 per-

cent ethanol were slowly added with stirring to bring down a precipi-

tate which was pelleted by centrifuging at 8,000 x g for ten minutes.

After decanting the supernatant, the pellet was dissolved in 20 ml of

distilled water.

The solution was brought to five percent with respect to sodium

acetate using the necessary amount of the same 100 percent solution

of sodium acetate previously mentioned. Three volumes of cold 95

percent ethanol were added slowly with stirring to bring down a

precipitate. The precipitate was pelleted by centrifugation at
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8, 000 x g for ten minutes and the supernatant was decanted. The

pellet was dissolved in ten ml distilled water.

This solution was deproteinized by adding 1.0 ml of a five-part

chloroform and one-part n-butanol mixture and shaking vigorously for

five minutes in a closed container. After shaking, the mixture was

centrifuged at 8, 000 x g for 20 minutes. The supernatant was care-

fully removed and saved. The precipitate and interface were dis-

carded.

The supernatant was brought to five percent with respect to

sodium acetate and precipitated again with three volumes of cold 95

percent ethanol. The precipitate was dissolved in ten ml distilled

water.

The resulting solution was washed with five volumes distilled

water and concentrated to 5.0 ml on an XM-100A Dia Flo membrane

(Amicon)6 using ten psi helium pressure. This eliminated material

of less than 100, 000 molecular weight.

This concentrate was brought to 0.1 M with respect to NaCI

and applied to a DEAE cellulose column measuring 1.5 by 24 cm with a

a flow rate of 25 ml per hour. The column was eluted with a linear

salt concentration gradient starting with 100 ml of 0.1 M NaCI and

finishing with 100 ml of 2.0 M NaCI. The eluant was monitored at

6 Amicon Corp., Lexington, Massachusetts.
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280 nm on a Beckman DU-2 spectrophotometer (sensitivity setting,

3. 0). Each detectable peak was assayed for leukocytolytic activity,

protein content (biuret), and hexose content (anthrone).

Plotting the molarity at which the activity was eluted made it

possible to employ batch fractioning techniques in later purifications.

The precipitate from the final three-volume ethanol precipitation was

dissolved in 0.3 M NaC1 and washed with five volumes of 0.3 M NaCl

on an XM-100A Diaflow membrane concentrating it finally to 5.0 ml.

The concentrated precipitate -0. 3 M NaC1 solution was added to a

suspension of two to three grams of DEAE Sephadex 7 that had been

swollen in 100 to 150 ml of 0.3 M NaCl. This mixture was allowed to

equilibrate 12 to 16 hours at room temperature.

The gel was separated from the solution by vacuum filtration

through Whatman No. 1 filter paper and discarded. The solution was

concentrated to 5.0 ml on an XM-100A Diaflow membrane and washed

with five volumes of distilled water. In order to verify the homo-

geneity of the material, the solution was brought to 0.1 M with

respect to NaCl and applied to a DEAE cellulose column (1.5 by 24

cm). The column had a flow rate of 30 ml per hour and was eluted

with a linear salt concentration gradient of 0.1 M NaCl to 0.5 M NaC1.

The eluant was monitored at 280 and 215 nm.

7Sephadex. Pharmacia Fine Chemicals, Piscataway, New Jersey.
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Two methods were used to assay protein content, neither of

which could be accepted as absolutely accurate when used to assay

protein content in a glycoprotein. The first method used, sensitive

from 0.25 mg to 2.0 mg per ml of protein, was the biuret method

(Kabat and Mayers, 1961). Bovine serum albumin at selected con-

centrations was used to set a standard curve.

The Lowry method of protein determination (Williams and

Chase, 1968) was also used. Commercial phenol reagent8 was mixed

5.0 parts to 4.7 parts distilled water prior to use. This method was

sensitive from 50 to 500 [Lg of protein per ml. The optical densities

were read on a Spectronic 20 at 620 nm against a reagent and water

blank.

Hexose Determination

Hexose content was determined by the anthrone method (Chaykin,

1966). Anthrone reagent 9 was made up as a 0.2 percent solution in

concentrated sulfuric acid. A 2.4 ml aliquot of reagent was added to

8 Phenol reagent. Harleco, Philadelphia, Pennsylvania.

9Anthrone reagent. General Biochemicals, Chagrin Falls, Ohio.
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0.6 ml of sample and quickly and thoroughly mixed. The tubes were

steamed in a boiling water bath for ten minutes, then cooled to room

temperature. The optical densities were read on a Spectronic 20 at

620 nm against a reagent and water blank. A standard curve was

established using concentrations of glucose from 0.0 to 0.1 mg per

ml.

Hexosamine Determination

Dische and Borenfreund's (1950) method for determining

hexosamine concentration was utilized for assaying the leukocytolytic

factor. A 0.6 nil aliquot of the sample was mixed with 0.3 ml of 6 N

HC1 and hydrolyzed for two hours at 100°C in a sealed tube prior to

assaying for hexosamines. Following hydrolysis, the mixture was

neutralized with 2 N NaOH. The results were read on a Spectronic 2 0

against a water and reagent blank. A standard curve was determined

using concentrations of d (+) glucosamine HC1. 10

Lipid Determination

The method of Folch, Lee, and Stanley (1957) was used, with

some modifications, to extract lipids from the samples. A 0.5 ml

aliquot of the sample was mixed with 9.5 ml of a 2:1

10Sigma Chemical Co. , St. Louis, Missouri.
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chloroform-methanol mixture in a closed tube. This was shaken

vigorously for five minutes and allowed to sit for 30 minutes at room

temperature with occasional shaking. Two ml of distilled water were

added to the tube and mixed by inversion. The tube was then spun at

750 x g for five minutes. As much of the upper phase as possible was

removed by suction without disturbing the lower phase or interface.

The walls of the tube were gently rinsed with 1.5 ml of a mixture of

the pure solvents of the upper phase (chloroform, methanol, and

water; 348:47 respectively by volume). This was removed by suction

without disturbing the lower phase or interface. The volume was

brought to 10.0 ml by adding methanol and the tube contents mixed

by inversion. Another 2.0 ml quantity of distilled water was added to

the tube and mixed by inversion. The washing, rinsing with pure

solvents of the upper phase, and bringing to 10.0 ml volume, was

repeated twice. The sample, dissolved in the final 10.0 ml volume,

was assayed according to the method of Bragdon (1951) for "free"

lipids. One ml of the preparation was evaporated to dryness at 37°C

in a 25 ml volumetric flask prior to adding the reagent.

The leukocytolytic factor preparation was tested for "bound"

lipids by hydrolyzing it in acid prior to assay. A 0.5 ml aliquot of the

sample was placed in a screw-capped tube with 1.0 ml of 6 N HC1 and

placed in a boiling water bath for three hours. The mixture was

neutralized by adding 1.0 ml of 6 N NaOH. One-half ml of the
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hydrolyzed sample was then subjected to the extraction procedure just

described and assayed by the same method (Bragdon, 1951). Assays

for both "free" and "bound" lipids were compared to known concen-

trations of cholesterol and oleic acid dissolved in ethyl ether and

assayed by the identical procedure.

Electrophoresis

After alcohol precipitation procedures and resuspending the

isolated leukocytolytic material in 0.1 M NaCl, it was fractionated on

a 1.5 by 24 cm DEAE cellulose column. The column was eluted with

a linear salt concentration gradient from 0. 1 M NaC1 to 2.0 M NaCI

as previously described. The three peaks eluted were concentrated

on an XM-100A Diaflo membrane to: 1) 1.45 mg hexose per ml,

2) 0. 93 mg hexose per ml, and 3) 0.11 mg hexose per ml as deter-

mined by the anthrone method. The protein concentrations of each

peak determined by the biuret method were: 1) 1.35 mg per ml,

2) 1.61 mg per ml, and 3) 2.0 mg per ml.

The first and second peaks were mixed in the proportion of

0.75 ml of each with 0.25 ml of 40 percent sucrose. Five-tenths ml

of the third peak was mixed with 0.5 ml of 40 percent sucrose. Each

peak was then subjected to slab gel electrophoresis using a seven

percent polyacrylamide gel (Davis, 1964) in a slab gel electrophoresis
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unit. 11 The unit was run for 110 minutes at 50 ma with a voltage that

started at 230 v and decreased to 180 v.

The sample gels were divided into two halves. One half was

stained for protein using Coomasie Brilliant Blue 12 (Chrambach et al.,

1967). These gels were stained overnight with a mixture of 2.0 ml

of a one percent aqueous solution of Coomasie Brilliant Blue in 98.0

ml of 12.5 percent trichloroacetic acid (TCA), mixed just prior to

adding to the gels. They were decolorized with and stored in ten

percent TCA. The other half of the gels were stained for carbohy-

drates using modifications of the Schiff-Nadi method (Williams and

Chase, 1968). The gels were treated with one percent periodic acid

in 0.2 M sodium acetate for 30 minutes then rinsed in running tap

water for one hour. After rinsing, the gels were stained for 30 to

60 minutes in a solution of equal volumes of 0.01 M a-naphthol in

10-4 M neutralized EDTA and 0.01 M p-phenylenediamine in 104 M

neutralized EDTA plus one-fifth volume three percent H202. All

solutions were mixed immediately prior to use. After staining, the

gels were decolorized with two to five percent acetic acid until the

red carbohydrate bands were visible. The gels were then washed with

distilled water and stored in ten percent TCA.

11 The unit was designed by Dr. A. W. Anderson, Department of
Microbiology, Oregon State University and built by the Physics Shop,
Oregon State University.

12 Coomasie Brilliant Blue. Co lab Laboratories, Inc., Chicago
Heights, Illinois.
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Electron Microscopy

Five liters of A. salmonicida culture supernatant were subjected

to the isolation and purification procedures described previously,

including batch fractionating with DEAE Sephadex in 0.3 M NaCI.

After separation from the gel by vacuum filtration through Whatman

No. 1 filter paper, the supernatant was concentrated and washed with

five volumes of distilled water on an XM-100A Diaflo membrane.

The concentrate was brought to 0.1 M with respect to NaCI and applied

to a DEAE cellulose column to verify homogeneity. The 1.5 by 24 cm

column was eluted with a linear salt concentration gradient from 0.1

M NaCI to 0.5 M NaCI using 100 ml of each concentration. The flow

rate was 25 ml per hour. The eluant was monitored at 280 nm on a

Beckman DU-2 spectrophotometer. The fractions containing the single

peak that was eluted were pooled, concentrated, and washed with

five volumes of distilled water on an XM-100A Diaflo membrane.

Hexose determinations were made by the anthrone method (Chaykin,

1966).

Because of the affinity of the leukocytolytic factor for cells,

red blood cell membranes were used to help isolate and visualize the

leukocytolytic factor. Sheep erythrocyte membranes were prepared

by washing five ml of defibrinated sheep blood 13 three times and

13Sheep blood. Prepared Media, Tualatin, Oregon.
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resuspending to the original volume in phosphate buffered saline (PBS)

(Williams and Chase, 1968). The erythrocytes were lysed by mixing

two ml of the washed cells with 20.0 ml of PBS diluted 1:15 with

distilled water. After centrifuging at 8,000 x g for ten minutes, the

supernatant was removed by suction and discarded. The stromata

were washed three times with 20 volumes of diluted PBS and resus-

pended in five ml of distilled water. The suspension was assayed for

protein concentration by the biuret method and then diluted with dis-

tilled water to 0.8 mg protein per ml.

Preparations were made and electron micrographs taken of

1) sheep erythrocyte membranes alone, 2) the leukocytolytic factor

alone, and 3) a mixture of equal parts of both suspensions incubated

together for one hour at room temperature. All preparations were

negatively stained directly on the grids with one percent phospho-

tungstic acid in distilled water adjusted to neutrality. Preparations

were examined and photographed with a Phillips 300 electron micro-

scope with 60 kv accelerating voltage.

Immunology

Material having a hexose concentration of 0.012 mg per ml by

anthrone determination that had been isolated by the alcohol precipita-

tions and concentrated on an XM-100A Diaflo membrane, but not

fractionated on a DEAE column, was emulsified with one-third volume
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of Freund's complete adjuvant. Yearling rainbow trout (150 to 225 g

each) were injected parenterally with 0.25 ml of this antigen. All the

fish were held at 12°C in flowing well water for four weeks.

Sera from the immunized fish which was used in the phagocytic

indices experiments were also employed in these immunological

studies. These sera were adsorbed with fresh rainbow trout blood

cells in an attempt to remove a toxicity in rainbow trout serum for

trout and salmon tissue culture cells. This was designated as

adsorbed rainbow anti-whole cell serum.

A rabbit was injected subcutaneously with an emulsion consist-

ing of 1.0 ml (0.43 mg hexose) of purified leukocytolytic factor and

1.0 ml of Freund's complete adjuvant. Thirty-three days later a

booster injection of 0.1 ml (0.26 mg hexose) of leukocytolytic factor

in saline was given intravenously. Fifteen days following the booster

injection approximately 25 ml of blood was taken from the marginal

ear vein. The serum was harvested, tested for precipitating anti-

bodies by ring precipitation tests, filter-sterilized, and stored at

-20°C. This was designated rabbit anti-Fraction 1.

These sera were used in macroscopic slide agglutination tests,

ring precipitin tests, and Ouchterlony gel diffusion tests in Ionagar

No. 214 gels (Carpenter, 1965). The molten gel was dispensed into

14 Ionagar No. 2. Consolidated Laboratories, Inc., Chicago,
Illinois.
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screw-capped tubes in 15 ml aliquots and held at 4oC until used.

The required number of tubes (one per petri dish) were melted in a

boiling water bath, poured into petri plates, and allowed to cool.

Wells were cut with a seven mm cork borer and the bottom of each

well was sealed with a drop of molten gel.

Ring precipitation tests were used to test for the presence of

precipitating antibodies in the immunized animals and for the presence

of leukocytolytic factor in solutions obtained during the isolation pro-

cedures. The Ouchterlony gel diffusion plates were used to ascertain

the purity of the leukocytolytic factor isolated. to identify the leuko-

cytolytic factors isolated from virulent and avirulent strains of A.

salmonicida, and to determine identities or antigenic relationships

between the leukocytolytic factor, an acid-extracted polysaccharide

from A. salmonicida cells, 15 and endotoxin extracted from A.

salmonicida cells. The antisera were also tested by macroscopic

slide agglutination tests to determine whether or not agglutinating

antibodies against A. salmonicida were present.

Comparison of Leukocytolytic Factor and Endotoxin

A one-liter furunculosis broth culture of A. salmonicida was

incubated at room temperature with aeration for 48 hours. The cells

15 Acid-extracted polysaccharide obtained from Mr. Lanny Udey,
Department of Microbiology, Oregon State University.
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were removed by centrifugation at 8,000 x g for 20 minutes and both

cells and supernatant saved. Leukocytolytic factor was isolated from

the supernatant by the method described earlier and endotoxin was

extracted from the cells using trichloroacetic acid as described by

Paterson (1972). The endotoxin was stored at -20 oC at a concentra-

tion of 10 mg per ml.

The endotoxin, suspended in saline, was tested for toxicity by

intraparenteral injection into mice in amounts of four mg per mouse.

Controls were injected with sterile saline.

The endotoxin, suspended in HBSS at concentrations up to 0.5 mg

per ml, and the leukocytolytic factor, dissolved in HBSS at concentra-

tions from 0.1 to 0.25 mg hexose per ml, both isolated from the same

original culture, were assayed for activity against fish leukocytes on

coverslips as previously described.

Leukocytolytic Factor Activity against
Tissue Culture Cells

Steelhead embryo cells (STE-137) and chinook salmon embryo

cells (Ch SE-214) were obtained from Mr. Guy Tebbit 16 already pre-

paredpared in monolayers in microtiter plates with flat-bottomed wells.

16 Mr. Guy Tebbit. Department of Microbiology, Oregon State
University.

17Microtiter plates. Scientific Products, Redmond, Washington.
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All materials tested were dissolved in and diluted with HBSS. Each

well was inoculated with 0.1 ml of material. The plate was sealed

and incubated at room temperature for one hour. The monolayers

were examined by low power bright field microscopy to detect cell

damage. Cell death or damage was indicated by the retraction of the

processes, rounding up, a gain in refractility, and detachment. Con-

centrations of from 0.2 p.g of hexose to 100 fig of hexose per ml (as

determined by the anthrone method) were tested for activity. Activity

was expressed as one cytopathic unit (CP unit) which was equal to the

lowest concentration of hexose per ml causing visible cell damage

after 60 minutes incubation at room. temperature.

Hemagglutinating Activity

The leukocytolytic factor was tested for hemagglutinating

activity with sheep, rabbit, and fish erythrocytes. The sheep red

cells were obtained from defibrinated sheep blood from Prepared

Media 13. The erythrocytes were obtained from fresh heparinized

rabbit and fish blood. All cells were washed three times with ten

volumes of PBS and resuspended in 200 volumes of PBS to give a 0.5

percent suspension. The leukocytolytic factor was dissolved in and

diluted with PBS prior to application to the erythrocytes. Microtiter

plates with round-bottomed wells were used for the assays. Four

wells were utilized for each dilution in each assay. A 0.05 ml aliquot
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of red cell suspension and 0.05 ml of the test material (or PBS

control) were put into each well. Concentrations of from 0.2 p.g to

100 fig of hexose per ml were assayed. Plates were incubated at room

temperature for two hours then examined for agglutination. A hemag-

glutinating unit (HA unit) was defined as equal to the lowest concentra-

tion of hexose per ml causing agglutination of the erythrocytes after

two hours of incubation.

Leukocytolytic Activity in vivo

A number of rainbow trout, weighing 1.8 to 2.0 kg each, were

anesthetized in dilute methyl pentanol and bled at five day intervals

for total white cell counts. Blood was taken from the caudal vessel

in the peduncle area. Approximately 0.2 ml of blood was drawn into

0.05 ml of sodium heparin in saline (20 units per ml). The amount of

blood drawn was carefully noted for the purpose of computing dilution

factors.

The two diluting fluids of Shaw (1930) with the procedure

described by Hes ser (1960) were used to do the white counts. The

solutions were made by mixing the dry components and keeping them

dry until mixed in small quantities for use. Solution A consisted of

0.25 g of neutral red and 9.0 g of NaCI. To hydrate solution A,

0.185 g of the dry mixture was dissolved in 20.0 ml of distilled water

and filtered through Whatman No. 1 filter paper. Solution B
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consisted of 0.12 g of crystal violet and 38.0 g of sodium citrate. To

hydrate, 0.76 g of the dry mixture was dissolved in 20.0 ml of a

solution of 0.4 percent formaldehyde and filtered through Whatman No.

1 filter paper.

A red blood cell diluting pipette with a dilution factor of 1:200

was used for the white cell counts. The heparinized blood was drawn

to the 0.5 mark, then solution A was drawn until the bulb was half

full. Solution B was then drawn until the bulb was full to the 101 mark.

After mixing for 30 seconds, approximately half the contents of the

bulb were expelled and a hemacytometer was filled from the remain-

der. The cells were allowed to settle for about 30 seconds and all the

white cells, including thrombocytes, in the four large corner squares

were counted. The number of white cells counted was multiplied by

500 and the blood-heparin dilution factor to give the number of white

cells per cubic millimeter of blood. The blood-heparin dilution

factor was the volume of blood drawn plus the volume of the heparin

solution, the sum of which was divided by the volume of blood drawn.

After establishing a range of total white cells per cubic milli-

meter for each fish, the animals were injected intravenously with

either a quantity of leukocytolytic factor in saline or with saline

alone. Total white cell counts were then made at intervals beginning

three hours post-injection and continuing as long as 120 hours post-

injection.



38

Comparison of Virulent and Avirulent Strains

Two different strains of A. salmonicida were used in this study.

One strain (AS-SS-70), referred to as the virulent strain, had an

LD50 in 2.5 to 8.6 g rainbow trout of approximately 102 cells (Table 1)

(Mr. W. Grobert, Department of Microbiology, Oregon State

University, personal communication, 1974). The other strain

(AS-SS-67), referred to as the avirulent strain, had an LD50 of

approximately 108 cells in the same fish (Mr. R. Gould, Department

of Microbiology, Oregon State University, personal communication,

1974). Each strain was started from lyophilized stock. They were

grown on BHI agar for 48 hours at room temperature. One loopful

of culture from each strain w as transferred to 5.0 ml of furunculosis

broth and incubated four to five hours at room temperature. The five

ml cultures were then introduced into 500 ml batches of furunculosis

broth which were incubated for 72 hours at room temperature with

shaking. The cells were harvested by centrifugation at 8,000 x g for

20 minutes. The culture supernatant was brought to 0.8 saturation

with respect to (NH4)SO4 by the slow addition with stirring of crystal-

line ammonium sulfate (280 g per 500 ml). After equilibrating over-

night at 4°C, the precipitate was harvested by centrifugation at

8,000 x g for 20 minutes. The supernatant was removed as completely

as possible and discarded. Each precipitate was dissolved in distilled
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Table 1. Data for the determination of the LD 50a for Aeromonas
salmonicida (strain AS-SS-70 BE-3) against steelhead trout
at 20°C. Ten 2.5 to 8.6 gram fish in each group.

Day
No. cells injected parenterafly

6.6 x 103 6. 6 x 102 6.6x 10 6.6

1 (injection)

2 - - - -

3 1 dead - -

4 9 dead 3 dead 4 dead

5 - 2 dead -

6 - 1 dead - 1 dead

7 - 3 dead -

8 - - - -

9 - - -

- - 1 dead -

-

10

11 1 dead

Total dead 10 8

A. salmonicida
10 8 5 2pos.

Survivors 0 2 5 8

A. salmonicida
0 0 1pos.

aLD50 estimated by moving averages (Meynell and Meynell, 1965).
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water and dialyzed against several changes of distilled water for 24

hours. Each precipitate solution was then subjected to the alcohol

precipitations and chloroform-butanol treatments previously described.

Equal amounts of solvents and materials were used with each sample.

After the final precipitation with three volumes of alcohol the

precipitates from the virulent and avirulent culture supernatants were

each dissolved in 10.0 ml of distilled water. Each solution was then

diluted with five volumes of distilled water and brought to the original

10 ml volume on an XM-100A Diaflo membrane. Each solution was

filter-sterilized and stored at -20°C until utilized. Each sample

was assayed for protein (Lowry method) and hexose (anthrone method).

Two ml of each sample were brought to 0.1 M with respect to

NaCl and applied to a DEAE cellulose column measuring 0. 9 by 24 cm.

The column was eluted with a linear salt concentration gradient from

0. 1 M NaCI (40 ml) to 2.0 M NaCI (45 ml) at a flow rate of 15 ml per

hour. Two and one-half ml fractions were collected and monitored at

280 nm on a Beckman DU-2 spectrophotometer (sensitivity setting,

3. 0).

A sample of each precipitate solution was tested by gel diffusion

against rabbit anti-Fraction 1 serum for identity and homogeneity.

Each precipitate solution was also quantitatively assayed for leuko-

cytolytic activity per mg of hexose against fish leukocytes on cover-

slips by the method previously described.
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Increase of Host Susceptibility by the
Leukocytolytic Factor

The leukocytolytic factor was isolated and purified and bio-

chemical assays done. The material was assayed for protein by the

Lowry method. Hexosamine determination and lipid extraction assays

were conducted as described. Hexose content was determined by the

anthrone method.

The A. salmonicida (strain AS-SS-70) culture was started in

ten ml of brain-heart infusion (BHI) broth from lyophilized stock and

incubated at 18°C for 48 hours. One ml of this culture was introduced

into 75 ml BHI broth in a 250 ml sidearm flask which was incubated at

18
oC for 21 to 23 hours until an optical density of 0.45 at 650 nm was

reached. This was equivalent to 6. 3 x 108 cells per ml. The culture

was then diluted 10-6 with sterile saline. One-tenth ml of this sus-

pension was equal to approximately one LD
50

(63 bacteria per ml).

The bacterial suspension was drawn into 1.0 cc tuberculin syringes

and injected immediately.

Juvenile coho salmon, three to five inches long, were used in

this study because of their availability. There were ten fish in each

experimental group in the first experiment and 20 fish in each of two

duplicate groups in the succeeding experiment. They were anesthe-

tized in a dilute methyl pentanol solution (1:40) prior to injection. In

group I, each fish was injected intraperitoneally with 0.2 ml of sterile
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saline. Group II fish were each injected intraperitoneally with 0.1 ml

sterile saline and 0.1 mg (0.04 mg hexose) of leukocytolytic factor

preparation. Group III fish were each injected intraperitoneally with

0.1 ml sterile saline and 0.1 ml of the bacterial suspension described

above. Group IV fish were each injected intraperitoneally with 0.1

ml leukocytolytic factor and 0.1 ml of the same bacterial suspension.

All groups were held in flowing pathogen-free well water heated to

20°C. Dead fish were collected once or twice daily, necropsied, and

cultured for the presence of A. salmonicida by streaking kidney

material on BHI agar plates. Plates were incubated at room tempera-

ture for four to five days. When the experiment was terminated

survivors were killed and tested for the presence of A. salmonicida.
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RESULTS

Phagocytic Indices

The PMN's appeared to be more active in the ingestion of

bacteria under these experimental conditions than the MN's. More

PMN's had intracellular bacteria and more bacteria per cell than the

MN's that were observed. There also were apparently more PMN's

in each preparation. Figures 2 (A, B, and C) are photomicrographs

of leukocytes with intracellular bacteria.

Leukocytes from some of the fish were used to assay activity

against both A. salmonicida and V. anguillarum. The results of the

phagocytic activity in nonimmunized fish are given in the Appendix.

They are listed by individual, the number of the preparation, and the

results of each. The means of the nonimmune phagocytic indices are

listed in Table 2 by organism at each temperature.

Table 2. Mean phagocytic indices for leukocytes from nonimmunized
rainbow trouta at different temperatures.

Bacterium Temperature (°C)
12 18 23

A.

V.

salmonicida 1.17

0.21

2.09

0.23

1.98

0.08

1.01

0.17anguillarum

Index: Number of intracellular bacteria counted divided by the
number of leukocytes examined.

aYearling fish six to eight inches long.
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Figure 2. Rainbow trout leukocytes with intracellular bacteria.

A. Leukocyte with vacuole containing two intracellular
bacteria. Magnification 7200 X.

B. Leukocyte with intracellular bacteria and several
cytoplasmic granules. Magnification 7200 X.

C. Three leukocytes, each with intracellular bacteria.
Magnification 3600 X.
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The phagocytic indices were subjected to two-factor analysis of

variance on the Oregon State University CDC 3300 computer. The

mean indices from the nonimmunized fish were compared in ranked

order and there was found to be no significant difference between

indices at different temperatures with both the A. salmonicida and

the V. anguillarum. It was noted that individually, the fish that

tended to show relatively higher or lower activity against one organism

tended to show correspondingly higher or lower activity against the

other organism.

The pooled serum samples from the nonimmunized fish, when

tested for agglutinating antibodies against the test organisms gave a

very weak titer of 1:20 (the lowest dilution of serum tested) with

A. salmonicida and no detectable titer with V. anguillarum.

Opsonization Indices

All of the immunized fish were used to assay phagocytic activity

at two different temperatures, either at 7 and 18°C or at 12 and 23°C.

The phagocytic activities for the immunized fish are listed in the

Appendix, by individual, the number of the preparation, and the results

of each.

The means were rank ordered and statistically compared.

There was found to be no significant difference between the means at

different temperatures. The means are listed in Table 3 by the

organism at each temperature.



47

Table 3. Mean phagocytic indices for leukocytes from immunized
rainbow troutaat different temperatures.

Bacterium
Temperature (°C)

7 12 18 23

A. salmonicida 2.40 4.04 2.39 3.05

V. anguillarum 0.60 0.93 0.95 0.87

Index: Number of intracellular bacteria counted divided by the
number of leukocytes examined.

aYearling fish six to eight inches long immunized with killed cells of
A. salmonicida or V. anguillarum.

It was observed in the preparations involving A. salmonicida

that there was a strong tendency for the extracellular bacteria to be

clumped in large groups (agglutinated) rather than appearing as single

or double cells. This phenomenon was also evident in the prepara-

tions of V. anguillarum. It was probably more strikingly obvious

because of the immobilizing effect it had on this motile organism.

When there were only a few bacterial cells agglutinated it appeared to

be the flagella that were mainly involved.

The greatest opsonizing effect was at 23°C with A. salmonicida

and at 18°C with V. anguillarum. The opsonization with V. anguilla-

rum was greater at each temperature than it was with A. salmonicida.

The opsonization indices obtained by dividing the phagocytic indices of

the immune fish by the corresponding phagocytic index of the non-

immunized fish are given in Table 4. They are listed by organism at

each temperature.
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Table 4. Opsonization indices at different temperatures.

Bacteriunn. Temperature (°C)

A. salmonicida

V. anguillarum

7 12 18 23

2.05 1. 93 1.21 3.02

2.86 4.04 11.88 5. 12

Opsonization index: Mean phagocytic index of leukocytes from
immunized rainbow trout at a given temperature divided by the
mean phagocytic index of leukocytes from nonimmunized rain-
bow trout at the same temperature.

Statistically comparing the means of the immunized and the non-

immunized fish at each temperature at the 0.95 level revealed that at

7 and 18 °C there was no significant difference between the non-

immunized and the A. salmonicida immunized. The A. salmonicida

immunized fish did show a significant increase over the nonimmunized

at 12 and 23°C. Those animals immunized with V. anguillarum showed

significant increases in phagocytic activity over the nonimmunized at

all temperatures tested.

The fish immunized with A. salmonicida tended to have higher

agglutinating antibody titers than those immunized with V. anguillarum.

All the immune sera, even those from the V. anguillarum immunized

fish, showed substantially higher titers than the sera from the non-

immunized. The serum titers of the immunized fish, some indivi-

duals and some pooled, are given in Table 5.
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Table 5. Rainbow trout sera agglutinating antibody titers.

Serum Titer

Against A. salmonicida

Fish A-XX >1:5120

Fish A-XXI 1:2560

A. salmonicida immunized pool a 1:1280

A. salmonicida immunized pool b 1 :5 120

Against V. anguillarum
Fish V-XX 1:160

Fish V-XXI 1:1280

V. anguillarum immunized pool 1:1280
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Bacterial Intracellular Survival

In several of the experiments involving both antiserum treated

and untreated bacteria, there were cases of one or two bacteria

surviving intracellularly for as long as 19 hours under the experi-

mental conditions (indicated by the formation of colonies on the agar

after leukocyte lysis and incubation). Overlooking these instances of

one or two survivors, the results indicated that without pretreatment

with antiserum the bacterium survived 12 to 14 hours intracellularly.

Two hour pretreatment with antiserum prior to subjecting the

bacteria to phagocytosis shortened the intracellular survival time to

a maximum of two hours. The antisera and bacteria mixtures were

incubated at 18 oC for the duration of the experiments and then placed

on furunculosis agar to test the bactericidal effect of antiserum alone.

In no case did pretreatment with antiserum only result in failure to

get bacterial growth from the mixture on the agar.

Phagocytosis of Unwashed Bacteria

The leukocytes of nonimmunized rainbow trout ingested more

washed bacteria than unwashed in a given period (Table 6). In

addition to the increased phagocytic activity against the washed

bacterium, it was noted that in every case the preparations involving

the unwashed bacterial cells had a greater amount of damaged



51

Table 6. Phagocytic indices of leukocytes from non-
immunized rainbow trout, ix to eight inches long,
against washed and unwashed Aeromonas
salmonicida cells at 18°C.

Washed Unwashed

Bacteriaa Indexb Bacteria Indexb

83 1.66 37 0.74

101 2.02 44 0.88

66 1.32 21 0.42

73 1.46 22 0.44

aNumber of intracellular bacteria per 50 leukocytes
examined.

bNumber of intracellular bacteria divided by the number
of leukocytes examined.
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(rounded, detached, or highly refractile) leukocytes. The leukocyte

preparations that were treated with sterile furunculosis broth and no

bacteria showed no evidence of cell damage.

Leukocytolytic Factor Assay

Damage to the leukocytes by the leukocytolytic factor was evi-

denced by morphological changes similar to those in human leuko-

cytes exposed to staphylococcal leucocidins. There was a rapid loss

of motility and cytoplasmic streaming, the pseudopodia were with-

drawn, and the cells became rounded. Spheres of cytoplasm were

pinched off and could be seen floating in the medium. In some

instances vacuoles formed in the perinuclear area of the leukocytes.

The nuclei became very dense and highly refractile. Cell granules

appeared to become fixed to the cell membranes. The cells ulti-

mately detached or disintegrated leaving remnants of membrane or

other cellular debris attached to the glass. The process was easily

followed microscopically and can occur in a very few minutes as

shown in Figure 3 (A through F). Using the assay method described,

the LCL unit of the purified factor was determined to be equal to

approximately 12.5 µg hexose per ml.

Leukocytolytic Factor in Culture Supernatant

The furunculosis broth culture supernatant, when qualitatively
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Figure 3. Destruction of rainbow trout leukocytes by the
leukocytolytic factor. Magnification 1840 X.

A. Three leukocytes at zero time.

B. One minute post leukocytolytic factor application.

C. Three minutes post leukocytolytic factor application.

D. Six minutes post leukocytolytic factor application.

E. Eight minutes post leukocytolytic factor application.

F. Ten minutes post leukocytolytic factor application.
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tested for leukocytolytic factor, was found to have appreciable

amounts of activity, both in the concentrate and in the 1X supernatant.

Neither furunculosis broth nor its concentrate exhibited any visible

effect against the leukocytes.

Isolation of the Leukocytolytic Factor

The isolation procedure is diagrammatically illustrated in

Figure 1. Figure 4 shows a typical elution curve of the "E" material

from the DEAE cellulose column. Of the three peaks eluted from the

column only the first peak (Fraction 1) demonstrated any activity

against the leukocytes. The protein/hexose ratio of this peak was

0. 95 to 1.0 when the protein was determined by the biuret method.

This ratio changed to approximately 0.4 when the protein was assayed

by the Lowry method. The protein/hexose ratios of the succeeding

two peaks increased to approximately 1.75 for Fraction 2 (biuret)

and 18.5 for Fraction 3 (biuret).

It was indicated by the elution curve that the active fraction

(Fraction 1) was eluted from the column before the 0.3 M NaCI con-

centration was reached (Figure 4), so batch fractionating with DEAE

Sephadex in 0.3 M NaCl was initiated. The elution curve of this

product applied to a DEAE cellulose column indicated that a relatively

homogeneous material was obtained (Figure 5).
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Figure 4. Elution of A salmonicida culture supernatant precipitate solution from a 1.5 x 24 cm
DEAE cellulose column with 25 ml per hour flow rate. Eluted with a linear salt con-
centration gradient from 0. 1 M NaCI to 2.0 M NaCI.
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Figure 5. Elution of batch fractionated product from a 1.5 x 24 cm DEAE cellulose column with 30 ml
per hour flow rate. Eluted with a linear salt concentration gradient from 0.1 M NaCI to
1.0 M NaCl.
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Chemical Analysis of Leukocytolytic Factor

The protein/hexose ratios ranged from 0.35 to 0.45 from

sample to sample when the protein content was assayed by the Lowry

method and from 0.90 to 1.00 when the biuret method was used, as

mentioned before. The chemical analysis of a typical isolated sample

of leukocytolytic factor (Fraction 1) is listed in Table 7 .

Electrophoresis

The gel containing the Fraction 1 sample showed one very strong

band of protein (Figure 6) which coincided with a carbohydrate band

18 mm into the small pore gel. It also had a very faint second pro-

tein band at 29 mm into the small pore gel with no identical carbo-

hydrate band. This faint second protein band coincided with a strong

protein band at 29 mm on the gel containing Fraction 2. This was

evidently due to picking up some of the leading edge of the second

peak with Fraction 1 as it was eluted from the column.

Fraction 2 separated into six bands of protein, the slowest

migrating of which at 14 mm had a coincident carbohydrate band.

There was no carbohydrate demonstrable with the other five protein

bands that were from 24 to 42 mm into the gel. There was one

protein band evident in Fraction 3 at four mm with an identical car-

bohydrate band.



59

Table 7. Chemical analysis of a typical Fraction 1.

Component and
method

Amount
(mg /ml)

Percenta

Protein (Lowry) 0.32 30.3

Hexose (anthrone) 0.73 68.8

Hexosamine (Dische ) 0.01 0.9

Lipid (free)(Folch, Bragdon) None 0

Lipid (bound) (Folch, Bragdon) None 0

Protein/hexose ratio 0.44

aApproximate percentage by weight.
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3
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Figure 6. Diagrams of polyacrylamide gels of electrophoresis of the three DEAE
column peaks. Stained for protein ( ) with Coomasie Brilliant Blue
and carbohydrate ( ) by the Schiff-Nadi method. Illustrated actual size.
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Electron Microscopy

Electron micrographs of purified Fraction 1 (Figure 7, A

through D, and Figure 8) revealed an egg-shaped or oblong particle

of somewhat variable size, ranging from approximately 40 nm in

length by 25 to 30 nm in width. Few single particles were seen in the

preparations, but were mostly clumped in aggregates of 6 to 12.

Aggregates ranged in size from 90 nm by 72 nm to 105 rim by 80 nm.

Both single particles and aggregates were observed to be associated

with the erythrocyte membranes in the preparations in which Fraction

1 was incubated with sheep red blood cell membranes prior to staining

and examination.

Immunology

Both the rainbow anti-A. salmonicida serum that had been

adsorbed with rainbow trout blood cells (adsorbed rainbow anti-whole

cell serum) and the rabbit anti-Fraction 1 serum possessed pre-

cipitating antibodies against the purified leukocytolytic factor as

demonstrated by ring precipitin tests and gel diffusion. The adsorbed

rainbow anti-whole cell serum also demonstrated agglutinating anti-

bodies against whole cell preparations of A. salmonicida in macro-

scopic slide agglutination tests.

The rabbit anti-Fraction 1 serum agglutinated both purified

A. salmonicida cell walls and freshly prepared saline suspensions of
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Figure 7. Electron micrographs of sheep erythrocyte membrane
and leukocytolytic factor.

A. Sheep erythrocyte membranes. Magnification
107,296 X. Bar represents 100 nm.

B. Leukocytolytic factor. Magnification
206, 861 X. Bar represents 50 nm.

C. Leukocytolytic factor aggregates. Magnification
337, 346 X. Bar represents 15 nm.

D, Leukocytolytic factor associated with sheep erythro-
cyte membranes. Magnification 250, 477 X. Bar
represents 40 nm.
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Figure 8. Electron micrograph of leukocytolytic factor associated
with sheep erythrocyte membrane. Arrows indicate
single particles. Magnification 6769 662 X. Bar
represents 50 nm.
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the organism. Two strains of the organism, one virulent and one

avirulent, were both agglutinated by the serum. Interestingly, after

30 minutes incubation at room temperature bacterial cell lysis

occurred in the case of the virulent strain, but not the avirulent strain.

When the rabbit anti-Fraction 1 serum was tested by gel diffu-

sion, a strong band of precipitate was found with Fraction 1 and a

very weak similar band with purified cell walls (Figure 9). Neither

the acid-extracted polysaccharide nor the protein precipitate reacted

to form precipitate bands.

Comparison of Leukocytolytic Factor
and Endotoxin

The LCL factor and endotoxin from A. salmonicida were com-

pared by in vitro methods. When mice were injected with four, mg of

endotoxin (to verify that an endotoxin had been isolated) all of them

died, while those injected with equal volumes of saline survived.

Under the assay conditions described, no amount of endotoxin up to

0.5 mg per ml exhibited any visible activity against the fish leuko-

cytes; however, the leukocytolytic factor damaged or destroyed leuko-

cytes at all concentrations from 0.1 mg to 0.25 mg hexose per ml.

When tested by gel diffusion against rabbit anti-Fraction 1 serum,

there were no lines of precipitate between the endotoxin and serum

(Figure 9). Fraction 1, however, reacted with the adsorbed rainbow
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Figure 9. Top: Gel diffusion plate showing the presence of precipi-
tating antibodies in rabbit anti-Fraction 1 serum (AF)
against the purified leukocytolytic factor (F) and purified
A. salmonicida cell walls (C). There were none against
the protein precipitate from isolation procedures (P) or
acid-extracted polysaccharide (S).

Bottom: Gel diffusion plate showing the presence of
precipitating antibodies against purified leukocytolytic
factor (F) in different sera (T and B), but none against
endotoxin from A. salmonicida (A and C).

T (top): rabbit anti-whole A. salmonicida cell serum

B: rabbit anti-Fraction 1 serum

T (bottom): adsorbed rainbow anti-whole cell serum
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anti-whole cell serum, the rabbit anti-Fraction 1 serum, and a

sample of rabbit anti-whole cell A. salmonicida serum to form bands

of precipitate.

Leukocytolytic Factor Activity against
Tissue Culture Cells

One CP unit, as determined by activity against steelhead (STE-

137) and chinook (Ch SE-214) embryo tissue culture cell lines, was

found to be approximately 12.5 [ig hexose per ml. This was equal to

one LCL unit.

Hemagglutinating Activity

The leukocytolytic factor demonstrated hemagglutinating

activity toward sheep erythrocytes. One HA unit was determined to

be equal to approximately 13.4 1.ig hexose per ml. There was no

activity against rabbit erythrocytes under the experimental conditions

at any concentration of Fraction 1 up to 0.108 mg hexose per ml.

When fish erythrocytes were utilized, red cell lysis occurred at all

concentrations of Fraction 1 tested down to 13.5 [ig hexose per ml,

due, possibly, to a previous sensitizing contact with the ubiquitous

A. salmonicida.

Leukocytolytic Activity in vivo

The pre-injection white cell count variation in the individual fish
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was as high as 20,000 cells per cubic mm in one case, but all were

more than 17,000 and less than 50,000 per cubic mm. The total

white cell counts for the fish injected with saline only remained above

25,000 per cubic mm in all cases for all counts.

However, the fish injected with Fraction 1 exhibited marked

leukopenia with all total white cell counts dropping below 10,000 per

cubic mm and remaining there more than 24 but less than 48 hours.

By 48 hours post-injection, the total white cell counts had returned to

pre-injection levels. Leukocytosis was evident in 72 hours. All

counts had returned to the pre-injection level by 120 hours. The in

vivo effects of the leukocytolytic factor are summarized in Tables 8

and 9.

Differential white cell counts were not made, but it was

observed that during the leukopenic condition almost all of the white

cells observed were small lymphocytes. As total white cells

increased, PMN's (and MN's to a degree) became more numerous.

Sera from four of the fish used in these experiments were tested

by gel diffusion for the presence of precipitating antibodies against

leukocytolytic factor. All were found to be positive.

Comparison of Virulent and Avirulent Strains

The amount of material obtained from the virulent (AS-SS-70)

culture and the avirulent (AS- Sil -67) culture by precipitation
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Table 8. Total white cell count range of nonimmunized 1.8 to 2.0 kg
rainbow trout before intravenous injection of Fraction 1.

Fish no. Count range x 1000 Injected witha

1 22.4-33.6 1.15 mg Fraction 1

2 27.9-39.1

3 23.7-38.9

4 29.7-49.2

5
b 26.8-33.7 1.13 mg Fraction 1

6
b 17.6-32.5

7
b 23.1-29.7

8
b 25.0-38.1

9

10

11

12

13

20.4-30.6 saline

28.7-39.7

25.5-44.5

31.0-33.6

28.2-44.6

aFraction measured as mg of hexose.

bTested for precipitating antibodies against Fraction
positive.

. All were
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Table 9. Total white cell counts of nonimmunized 1.8 to 2.0 kg
rainbow trout after intravenous injection of Fraction 1 or
saline. All figures in the table are in terms of white cells
per cubic mm of blood times 1000.

Fish no.
Hours post-injection

5 24 48 72 120

1 8.3 8.5 27.7 51.4 25.1

2 7.1 8.9 31.5 48.0 26.8

3 6.7 8.7 33.0 57.6 33.4

4 8.9 9.0 42.0 66.3 32.2

5 7.9 9.6 32.4 54.8 32.0

6 9.0 9.2 38.7 47.6 23.4

7 9.9 8.8 29.1 48.1 26.6

8 8.8 9.1 32.1 53.2 26.4

9a 25.0 30.6 21.4 22.1 nc

10a 39.3 31.8 29.5 39.7 nc

11
a 32.1 31.9 32.5 30.8 nc

12a 26.3 28.2 29.3 31.0 nc

13a 27.2 39.0 40.1 33.3 nc

aSaline controls.

nc = no counts made
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procedures (before DEAE fractionating) was approximately equal.

Values for a typical comparative run with 500 ml cultures each are:

58.24 mg total protein and hexose for the avirulent strain, and 52.42

mg total protein and hexose for the virulent strain. The relative

amounts of protein to hexose varied somewhat between the strains.

The avirulent strain had 4.32 mg protein per ml and 1.504 mg hexose

per ml in the culture supernatant. The virulent strain had 4.09 mg

protein per ml and 1.152 mg hexose per ml in the culture supernatant.

A much greater difference was seen in the elution curve from

the DEAE cellulose column. The sample from the virulent strain

contained a greater quantity of the first peak (leukocytolytic factor)

than the sample from the avirulent strain (Figure 10).

When each precipitate solution (prior to DEAE fractionating)

was assayed for leukocytolytic activity it was found that it required

approximately ten times more avirulent preparation (1. 9 x 10 -2
mg

hexose per ml) than the virulent preparation (1.8 x 10-3 mg hexose

per ml) to react with the fish leukocytes. The LCL unit of the puri-

fied Fraction l's were approximately the same for the virulent and

avirulent preparations (12.5 Fig hexose per ml).

Gel diffusion against rabbit anti-Fraction 1 serum indicated that

each precipitate solution contained an identical component that reacted

with the antiserum (Figure 11). The only apparent difference between

the virulent and avirulent active fractions was one of quantity.
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Figure 10. Elution of culture supernatant precipitate solutions from virulent and avirulent strains of
A. salmonicida from .a 0.9 x 24 cm DEAE cellulose column. Eluted with a linear salt
concentration gradient from 0.1 M NaCI to 2.0 M NaCI. Three peaks noted (1, 2, and 3).
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Figure 11. Gel diffusion plate showing identity between leukocytolytic
factors from virulent (V) and avirulent (A) strains of
A. salmonicida. AF: rabbit anti-Fraction 1 serum.
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Increase of Host Susceptibility by
the Leukocytolytic Factor

The leukocytolytic factor (Fraction I ) used in these experiments

contained:

Protein (Lowry) 0. 16 mg /ml 28.3%

Hexose 0. 40 70.6

Hexosamine O. 006 1. 1

Lipid (free) None 0 . 0

Lipid (bound) None 0.0

The AS-SS-70 strain of A. salmonicida was utilized in this study.

A preliminary experiment (Table 10) indicated that susceptibility of

the host to the organism was increased by the simultaneous injection

of Fraction I. Nine of the ten coho salmon (three to five inches in

length) injected with approximately 63 of the bacteria and a small

amount of leukocytolytic factor (0.04 mg hexose) died while only five

of the ten coho salmon injected with just the bacterium succumbed

during the course of the experiment. Aeromonas salmonicida was

isolated from all the dead fish injected with both the bacteria and

Fraction I. The organism was isolated from only four of the five

dead fish injected with just the bacteria.

The results of a confirming experiment were more conclusive

because more animals were employed and duplicate groups were

tested (Table 11). As in the first experiment, none of the fish

injected with saline or Fraction 1 died during the experiment or
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Table 10. Increase of host susceptibility by Fraction 1. Preliminary
experiment. Ten three- to five-inch coho salmon in each
group. Fish held at 20°C. Parenteral injections.

Day Saline Saline plus Saline plus Bacteria plus
Fraction 1 bacteria Fraction 1

1 (injection)

2

3

4

5

6

7

8

9

10

Total dead

A. salmonicida
pos.

0 0

3 dead

2 dead

7 dead

2 dead

5 9

4 9



Table 11. Increase of host susceptibility by Fraction 1. Twenty three- to five-inch coho salmon in
each group. Fish held at 200C. Parenteral injections.

Day Saline Saline plus
Fraction 1

A B A

Saline plus
bacteria

A B

Bacteria plus
Fraction 1

A

1 (injection)

2

3 - - - - 4 dead 1 dead 13 dead 11 dead

4 - - - 3 dead 4 dead 3 dead 3 dead

5 - - - 1 dead 1 dead 1 dead 2 dead

6 - - - - - - 1 dead 1 dead

7

8 1 dead

9 - - - -

10 - -

Total dead 0 0 0 0 8 6 18 18

A. salmonicida
8 6 18 18pos.

Survivors 20 20 20 20 12 14 2 2

A. salmonicida
0 0 0 0 0 0 0 0pos.
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showed any indication of A. salmonicida at necropsy. Forty percent

of the fish injected with bacteria only died in one group and 30 percent

died in the other group. Aeromonas salmonicida was isolated from

all the dead fish and none were recovered from the sacrificed

survivors.

In the group injected with the bacterium and Fraction 1, 90

percent of each lot of fish died during the course of the experiment

and all were positive for A. salmonicida. The organism was not

recovered from any survivors.

The data from the confirming experiment were arc sine trans-

formed to conform them to the rules of analysis of variance (Snedecor

and Cochran, 1968). Variance was analyzed using the Statistical

Interaction Program System (SIPS) on the Oregon State University

CDC 3300 computer. The least significant difference (LSD) was

calculated at the 0. 95 level and the 0. 99 level and the rank ordered

means were compared. The arc sine transformations were ranked

in order to compare the group injected with bacteria only with the

group injected with bacteria and Fraction 1. The LSD (0. 95) was

found to be 6.01 percent and the LSD (0. 99) was 9.96 percent.

Analysis showed there was no difference between the group

injected with saline alone (Group I) and those animals injected with

saline and Fraction 1 (Group II). There was significant difference

between the arc sine transformed means of groups I and II, and the
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group injected with saline and bacteria (Group III), 20.52 percent.

There was also significant difference (43.64 percent) between the arc

sine transformed means of Group III and the animals injected with

bacteria and Fraction 1 (Group IV). This indicates that the host was

rendered more susceptible to the effects of the bacteria by the simul-

taneous injection of Fraction 1 and one LD
50

of A. salrnonicida.
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DISCUSSION

During the investigation of the phagocytic activity, PMN's were

the predominant phagocytic cell type observed. Although differential

white cell counts were not conducted, there was the possibility of a

higher percentage of PMN's than MN's in the blood. McKnight (1966)

discovered no monocytes and more than 60 percent granulocytes in her

studies of mountain white fish, while Lieb, Slane, and Wilber (1953)

found 8.2 percent monocytes and only 0.6 percent granulocytes in lake

trout. Yellow perch were found to have 32.4 percent granulocytes

(Yokoyama, 1947). The fact that the blood was drawn with no prior

stimulation or insult to cause a leukocytic migration may have con-

tributed to the lack of MN's in the preparations. Prior stimulation

would have caused an increase in PMN's first, followed by an increase

in MN's (Finn, 1970). But it may have also influenced the stimula-

tion or depression of phagocytic activity.

The lack of significant differences at 7 and 18°C between the

nonimmunized and the A. salmonicida-immunized fish cannot be

explained entirely by temperature influence. At 7 °C the phagocytic

activity of both immunized and nonimmunized leukocytes may have

been depressed toward some basic level thereby negating any signifi-

cant increased activity due to immunization. But, excluding the effect

of temperature, no increase at 18°C may have been due to the
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leukocytes from the nonimmunized fish ingesting at an optimum rate

because of some prior experience with this ubiquitous organism. The

delay between immunization and testing also may not have been such

that optimal response to the vaccine had been reached. A combina-

tion of both of these, and other factors, may have been influencing

the phagocytic response in the A. salmonicida-immunized fish. There

were significant increases in phagocytic activity at all temperatures

tested by the V. anguillarurn-immunized fish over the phagocytic

activity of nonimmunized animals.

The agglutinating antibodies elicited by immunization contributed

grossly to the increased phagocytos is of the bacteria by aggregating

them into clumps and making it possible for them to be trapped and

ingested more easily by the leukocytes. Exposing the bacteria to

immune sera not only increased the amount of phagocytic activity,

but in the case of A. salmonicida definitely contributed to decreasing

the bacterial intracellular survival time. Tests were not made to

determine how much bactericidal activity the antisera alone had, but

with the 10 percent serum concentration there was never a total kill

of the bacterial population. In the intracellular survival experiments,

there were several occasions of one or more colony-forming units

surviving for as long as 19 hours. This was a strong reminder that

the populations of leukocytes and bacteria which were used were very

heterogenous. Conclusions must, therefore, refer to the general
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populations and allow for the possibility of exceptions and deviations

by individuals in the populations.

The search for the leukocytolytic or antiphagocytic factor was

initially directed toward isolating a polysaccharide. Washing the

bacterial cells removed or decreased the effect of the factor and

because it was present in broth culture supernatant, suggested the

possibility of it being a capsule or slime material. This hypothesis

was reinforced when it was found that alcohol precipitated the

activity and chloroform-butanol deproteination treatment did not

remove it. When preliminary polyacrylarnide gel electrophoresis

yielded bands that stained for both protein and carbohydrate, the

possibility of a protein closely associated with a carbohydrate, or a

glycoprotein, was considered. Further studies showed the material

could be precipitated with 0.8 saturation of ammonium sulfate and its

elution from a DEAE cellulose column could be monitored at 280 nm.

All attempts to separate the protein and carbohydrate fractions and

maintain activity were unsuccessful, strengthening the possibility of

the factor being a glycoprotein.

The carbohydrate portion of a glycoprotein may vary from 0.8

percent as in collagen to over 80 percent as in blood group substances

(Marshall and Neuberger, 1970) and the protein portions also tend to

be low in aromatic amino acids. Because Lowry protein determina-

tions depend on the presence of aromatic amino acids, the results of
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protein determinations may be grossly low on glycoproteins. Because

of this, it is possible that the actual protein content in this glycopro'-

tein may be higher than estimated. This in turn would raise the pro-

tein to hexose ratio from the present 0.35-0.45 to some new level.

The protein/hexose ratio stays in this range if the described methods

of assay and isolation are used. There may be some slight variation

from sample to sample. Nowotny et al. (1963) found differences in

bacterial 0 antigens isolated by different methods. Glycoproteins are

probably more susceptible to slight changes in isolation procedures

than pure proteins or pure carbohydrates. They may be overall

chemically the same, but the individual particles can vary in molecu-

lar size and charge and detailed chemical structure (Gottschalk,

1966).

The particles revealed by electron microscopy may be part of

the bacterial cell wall or cell membrane. Antisera against this

material agglutinated whole bacterial cells and purified cell walls.

Antisera against whole A. salmonicida cells have precipitating anti-

bodies against Fraction 1 and antisera against purified Fraction 1 will

agglutinate both whole bacterial cells and purified bacterial cell walls.

This is a strong indication that this material could be a part of the

wall or membrane that is produced in excess. The experiments com-

paring the virulent and avirulent strains of A. salmonicida and the

lysis of the virulent and not the virulent strain by the rabbit
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anti-Fraction 1 serum seems to indicate the presence of more leuko-

cytolytic factor in the virulent cell walls and/or membranes than in

the avirulent. If the leukocytolytic factor were a part of, or closely

associated with, the bacterial cell membrane, its affinity for the other

cells, i.e., leukocytes, erythrocytes, and tissue culture cells, might

be more easily explained as a reaction or reassociation with the cell

membranes.

The leukocytolytic factor does not appear to be very toxic to

juvenile or large fish by itself. Only a small amount (0.04 mg of

hexose) of it was required to render the host more susceptible to one

LD
50

of A. salmonicida for juvenile coho salmon. This virulence

factor is able to increase the effect of the pathogen by destroying the

leukocytes, thus debilitating the fish and enabling the bacterium to

establish itself. Increasing the dose of leukocytolytic factor by

approximately 29 times in adult rainbow trout resulted in drastic

leukopenia lasting from 24 to 48 hours, but no deaths or other visible

damage in five days. Even though some (possibly all) of the fish had

demonstrable precipitating antibodies against Fraction 1 before the

injection, the leukopenic condition elicited was very pronounced and

roughly equal in all cases. This marked leukopenic condition was

obvious even though there was a great deal of variation in the pre-

injection "normal" total white cell counts, not only from individual to

individual but from sample to sample in the same individuals.
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This study has shown that the leukocytolytic factor and the endo-

toxin are not the same. The endotoxin had no demonstrable leukocy-

tolytic activity and no immunological identity with the active fraction.

The leukocytolytic factor then appears to be a part of the bacterial

cell wall, possibly produced in excess by the more virulent strains of

A. salmonicida. It has an affinity for sheep erythrocyte membranes

manifested by a hemagglutinating activity which may coincide with an

affinity for the membranes of the cells to which the factor is lytic,

i. e., leukocytes and tissue culture cells. Regarding this it would be

tempting to consider this membrane affinity as an indication that

Fraction 1 was closely associated with the bacterial cell membrane,

possibly mediating permeability. Fraction 1 may act on its target

cells by disrupting membrane permeability.

It would be convenient if this virulence factor could be quanti-

tatively assayed as a virulence determinant to define whether or not a

given strain of A. salmonicida is virulent. Using activity against

tissue cell cultures as an assay might be indicated because of the

ease in controlling cell availability, density, and uniformity. Quan-

tities and concentrations of medium and test material could also be

exactly regulated. This would require more study to ascertain its

feasibility and reliability.

Finding the precise relationship of the leukocytolytic factor to

the parent bacterial cell might yield additional information concerning
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the general phenomenon of virulence. Further investigations into the

exact mechanism by which Fraction 1 affects its target cells could

broaden the knowledge of host-parasite relationships. In addition,

many of the procedures and methods developed in this study could be

applied to other animals with minimal changes in order to conduct

similar or associated studies in those systems.
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SUMMARY AND CONCLUSIONS

1. Under the experimental conditions described, temperature (7,

12, 18, and 23°C) did not significantly affect the phagocytic

activity of leukocytes from rainbow trout (immunized and non-

immunized) against A. salmonicida and V. anguillarum.

2. Immunization of yearling rainbow trout with V. anguillarum by

parenteral injection caused significant increase in phagocytic

activity by the leukocytes at all temperatures tested (7, 12, 18

and 23 °C).

3. Immunization of yearling rainbow trout with A. salmonicida by

parenteral injection caused significant increase in phagocytic

activity by the leukocytes at 12 and 23°C, but not at 7 and 18°C.

4. Exposing A. salmonicida to rainbow trout anti-A. salmonicida

serum prior to phagocytosis by rainbow trout leukocytes resulted

in reducing the bacterial intracellular survival time from 12 to

14 hours to a maximum of two hours.

5. A substance cytolytic to fish leukocytes is produced by A.

salmonicida in broth culture.

6. This leukocytolytic factor is cytolytic to steelhead and chinook

salmon embryo cell cultures.

7. The activity of the leukocytolytic factor can be quantitatively
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assayed using rainbow trout leukocytes attached to glass and/or

steelhead or chinook salmon embryo cell cultures.

8. As little as 13.4 Fig (measured as hexose) of the leukocytolytic

factor exhibits hemagglutinating activity with sheep erythro-

cytes, but not rabbit erythrocytes.

9. The leukocytolytic factor is composed of approximately 28 parts

protein (as determined by the Lowry method), 71 parts hexose,

and 1 part hexosamine, with no detectable lipids.

10. Electron micrographs of the leukocytolytic factor revealed a

rather amorphous egg-shaped particle approximately 40 nm in

length by 25 to 30 nm in width that tended to aggregate in groups

of 8 to 12 particles.

11. The leukocytolytic factor induces the production of anti-

leukocytolytic factor precipitins in rabbits and rainbow trout.

12. The leukocytolytic factor also elicits agglutinating antibodies

against A. salmonicida whole cells and purified cell walls when

injected into rabbits and in rainbow trout.

13. The leukocytolytic factor described here is not the endotoxin

produced by A. salmonicida.

14. Intravenous injection of the leukocytolytic factor into adult rain.,

bow trout elicits an immediate marked leukopenia lasting from

24 to 48 hours followed at 72 hours by leukocytosis after which

the total white cell count returns to normal.
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15. A virulent strain (AS-SS--70) of A. salmonicida produced more

leukocytolytic factor than did an avirulent strain (AS-SS-67)

under identical conditions.

16. Simultaneous intraperitoneal injection of Fraction 1 with approxi-

mately 102 A. salmonicida (AS-SS-70) cells (one LD 50)
into

juvenile coho salmon significantly increased the susceptibility

of the host to the bacterium.
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Appendix Table 1. Phagocytic activity of leukocytes from non-
immunized rainbow trouta against Aeromonas
salmonicida at 7°C.

Fish no. Preparation No. of bacteria IndexIndexc
no.

XX

XXI

2 73 1.46

3 64 1.28

4 62 1.24

5 45 0.90

6 50 1.00

2 58 1.16

3 59 1. 18

4 58 1. 16

aYearling fish six to eight inches long.

bNumber of intracellular bacteria per 50 leukocytes examined.

cNumber of intracellular bacteria divided by the number of leukocytes
examined.
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Appendix Table 2. Phagocytic activity of leukocytes from non-
immunized rainbow trouta against Aeromonas
salmonicida at 12°C.

Fish no. Preparation
no.

bNo. of bacteria cIndex

IX 2 103 2.06

3 38 0.76

6 243 4.86

X 2 111 2.22

5 159 3.18

XI 1 55 1.10

2 75 1.50

XII 11 50 1.00

aYearling fish six to eight inches long.

bNumber of intracellular bacteria per 50 leukocytes examined.

Number of intracellular bacteria divided by the number of leukocytes
examined.
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Appendix Table 3. Phagocytic activity of leukocytes from non-
immunized rainbow trouta against Aeromonas
salmonicida at 18°C.

Fish no.

XIV

XV

Preparation
no. No. of bacteriab Index c

1 84 1.68

2 56 1. 12

2 105 2. 10

3 172 3.44

4 109 2. 18

5 108 2. 16

6 107 2. 14

XVII 1 51 1.02

aYearling fish six to eight inches long.

bNumber of intracellular bacteria per 50 leukocytes examined.

cNumber of intracellular bacteria divided by the number of leukocytes
examined.
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Appendix Table 4. Phagocytic activity of leukocytes from non-
immunized rainbow trouta against Aeromonas
salmonicida at 23°C.

Fish no. Preparation No. of bacteriano.
Index

I 1 53 1.06

2 49 0. 98

3 52 1.04

III 2 46 0. 92

3 45 0. 90

4 47 0. 94

5 55 1. 10

IV 55 1. 10

aYearling fish six to eight inches long.

bNumber of intracellular bacteria per 50 leukocytes examined.

cNum.ber of intracellular bacteria divided by the number of leukocytes
examined.
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Appendix Table 5. Phagocytic activity of leukocytes from non-
immunized rainbow trouta against Vibrio
anguillarum at 7 o

C.

Fish no. Preparation No. of bacteria IndexIndexc
no.

X X

X XI

10 9 0.18

11 7 0.14

12 12 0.24

13 6 0.12

14 5 0.10

15 7 0.14

5 15 0. 30

6 23 0. 46

aYearling fish six to eight inches long.

bNumber of intracellular bacteria per 50 leukocytes examined.

cNumber of intracellular bacteria divided by the number of leukocytes
examined.
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Appendix Table 6. Phagocytic activity of leukocytes from non-
immunized rainbow trouta against Vibrio
anguillarum at 12°C.

Fish no.

X

XII

Preparation No. of bacteria IndexIndexc
no.

3 19 0. 38

4
18 0. 36

1 13 0.26

2 8 O. 16

6 11 0.22

8 8 0.16

9 8 O. 16

10 7 O. 14

aYearling fish six to eight inches long.

bNumber of intracellular bacteria per 50 leukocytes examined.

CNumber of intracellular bacteria divided by the number of leukocytes
examined.
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Appendix Table 7. Phagocytic activity of leukocytes from non-
immunized rainbow trouta against Vibrio
anguillarum at 18 oC.

Fish no. Preparation No. of bacteria IndexIndexc
no.

XV

XVI

XVII

7 5 0. 10

8 2 O. 04

9 6 o.

3 4 0.08

5 6 0. 12

3 3 0.06

4 2 0.04

6 2 0.04

aYearling fish six to eight inches long.

bNumber of intracellular bacteria per 50 leukocytes examined.

CNumber of intracellular bacteria divided by the number of leukocytes
examined.
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Appendix Table 8. Phagocytic activity of leukocytes from non-
immunized rainbow trouta against Vibrio
anguillarum at 23°C.

Fish no. Preparation No. of bacteria IndexIndexc
no.

V

VII

1 10 0.20

2 9 0. 18

1 9 0.18

2 9 0. 18

3 8 0. 16

4 7 0.14

6 9 0.18

7 8 O. 16

aYearling fish six to eight inches long.

bNumber of intracellular bacteria per 50 leukocytes examined.

cNumber of intracellular bacteria divided by the number of leukocytes
examined.
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Appendix Table 9. Phagocytic activity of leukocytes from immunized
rainbow trouta against Aeromonas salmonicida at
7 C.

Fish no. Preparation
no.

No. of bacteria IndexcIndex

A-XX 1 113 2.26

2 120 2. 40

4 120 2.40

A-XXI 1 125 2. 50

2 122 2. 44

3 120 2.40

4 124 2.48

12 114 2.28

aYearling fish six to eight inches long immunized with killed A.
salmonicida cells.

bNumber of intracellular bacteria per 50 leukocytes examined.

c Number of intracellular bacteria divided by the number of leukocytes
examined.
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Appendix Table 10. Phagocytic activity of leukocytes from
immunized rainbow trouta against Aeromonas
salmonicida at 12 oC.

Fish no. Preparation No. of bacteria IndexIndex c
no.

A-I

A-II

1 121 2. 42

2 99 1. 98

1

2

3

4

7

222 4. 44

223 4. 46

247 4. 94

227 4. 54

267 5. 34

210 4. 20

aYearling fish six to eight inches long immunized with killed A.
salmonicida cells.

bNumber of intracellular bacteria per 50 leukocytes examined.

cNumber of intracellular bacteria divided by the number of leukocytes
examined.
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Appendix Table 11. Phagocytic activity of leukocytes from
immunized rainbow trouta against Aeromonas
salmonicida at 18°C.

Fish no. Preparation cNo. of bacteria Index
no.

A -XX

A-XXI

6 104 2. 08

7 106 2. 12

8 104 2. 08

10 126 2. 52

12 113 2.26

5 129 2.58

6 132 2. 64

7 140 2. 80

aYearling fish six to eight inches long immunized with killed A.
salmonicida cells.

bNumber of intracellular bacteria per 50 leukocytes examined.

CNumber of intracellular bacteria divided by the number of leukocytes
examined.
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Appendix Table 12. Phagocytic activity of leukocytes from
immunized rainbow trouta against Aeromonas
salmonicida at 23°C.

Fish no. Preparation
no.

No. of bacteriab Indexc

A-I

A-II

3

5

6

112

135

166

172

2.24

2.70

3.32

3. 44

5 149 2. 98

6 151 3. 02

9 170 3. 40

10 164 3. 28

aYearling fish six to eight inches long immunized with killed A.
salmonicida cells.

bNumber of intracellular bacteria per 50 leukocytes examined.

c Number of intracellular bacteria divided by the number of leukocytes
examined.
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Appendix Table 13. Phagocytic activity of leukocytes from
immunized rainbow trouta against Vibrio
anguillarum at 7 oC.

Fish no. Preparation
no. No. of bacteria c

Index

V-XX 7 16 0. 32

8 20 0.40

10 16 0. 32

V-XXI 1 43 G.86

2 46 0. 92

3 39 0. 78

8 28 0.56

9 31 0.62

aYearling fish six to eight inches long immunized with killed V.
anguillarum cells.

bNumber of intracellular bacteria per 50 leukocytes examined.

cNumber of intracellular bacteria divided by the number of leukocytes
examined.
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Appendix Table 14. Phagocytic activity of leukocytes from
immunized rainbow trouta against
anguillarum at 12 oC.

Vibrio

Fish no. Preparation
no.

. bNo. of bacteria Index

V-I 7 40 0. 80

8 30 0.60

9 41 0. 82

10 48 0. 96

V-II 3 60 1.20

4 55 1. 10

5 46 0.92

6 51 1.02

aYearling fish six to eight inches long immunized with killed V.
anguillarum cells.

bNumber of intracellular bacteria per 50 leukocytes examined.

cNumber of intracellular bacteria divided by the number of leukocytes
examined.
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Appendix Table 15. Phagocytic activity of leukocytes from
immunized rainbow trouta against Vibrio
anguillarum at 18 oC.

Fish no, Preparation
no. No.

bof bacteria Index

V-XX 2 24 0.48

3 35 0. 70

V-XXI 6 45 0.90

7 50 1.00

11 42 0.84

12 68 1. 36

13 60 1.20

14 57 1. 14

aYearling fish six to eight inches long immunized with killed V.
anguillarum cells.

bNumber of intracellular bacteria per 50 leukocytes examined.

cNumber of intracellular bacteria divided by the number of leukocytes
examined.
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Appendix Table 16. Phagocytic activity of leukocytes from
immunized rainbow trouta against
anguillarum at 23oC.

Vibrio

Fish no. Preparation
no.

bNo. of bacteria Index

V-I 1 42 0.84

2 39 0. 78

3 59 1.18

4 50 1.00

5 34 0. 68

V-II 1 43 0.86

2 44 0. 88

7 37 0. 74

aYearling fish six to eight inches long immunized with killed V.
anguillarum cells.

bNumber of intracellular bacteria per 50 leukocytes examined.

c Number of intracellular bacteria divided by the number of leukocytes
examined.


