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Bacterial and Viml Diseases of Cultured.

Salmonids in the Pacific northwest
James R. Winton, John S. Rohovec, and John L. Fryer
Department Of MierOhhilagy
OregOn State Univetaitb

Introduction

This report reviews the 1mportant bacterial and vira'1 diseases
encountered among populations of cultured salmonids 1n the Pac1f1c
Northwest. Methods utilized for preventing the spread of these
diseases are described and factors inf1uencing the host-paras1te
rel at i onshi p are di scussed.

The control of infectious diseases of fish remains the single most
important factor in the success of aquacu1ture. In the past two
decades, the construct1on of new state and federal fish hatcheries
and the deve1opment of private aquacu'iture have intensified the
rearing of salmonid fish. There is an increased realization of
the necessity to avoid infectious agents and to maintain healthy
stocks of fish to enhance production. Of particular concern are
those d1seases which do not respond to chemotherapeutic substances
and are classed as nontreatable diseases. Examples are the
viruses, drug resistant bacteria and certain of the deep tissue
protozoans.

Bacterial Diseases

A variety of bacteria produce infectious diseases of fish. These
bacteria and tne diseases associated with them are listed in Table
1. Among stocks of salmon in the Pacific Northwest there are 10
of these bacte ial diseases of major concern because of the
economic loss they cause among commercia1ly important fish.
Included for each disease discussed is a description of the
causative agent, number of serotypes, host range, control methods,
and selected features of the host-parasite relationsh1p,

Furunculosis

Aeromonas salmonicida, the causative agent of furuncu1osis, is the
naos nn ensive lyyst o ted becter i ~ I pathogen of fish� . It is
ubiquitous among populations of cultured salmonids and has been



Bacterium Disease

Aeromonas salmonicida Furunculosis

Motile aeromonas sept1cemi a

Enteric redmouth

Vibriosis

Vibri osis

Co lumnari s

Low temperature disease

Bacterial gill disease

Bacterial kidney disease

Pseudokidney disease

Edwardsiellosis

Aeromonas ~h dro hi1a

Yersinia ruckeri

Vihrio ~an ui11arum

Vibrio orda'lii

Flexibacter columnaris

~Crt~ohacLa~sn~hro hi la

C+~o hara or llavobacterium

Aenibacteri um salmoninarum

Lactobacillus ~s .

Edwardsiella t.arda

Bacterial hemorrhagic
septicemia

Pseudomonas ~s

Pasteurellosis

Fin rot

Salt water co1umnaris

Mycobacteriosis

Nocardiosis

Streptomycosis

Streptococcos1s

Eubacterial meningitis

Pasteurella ~s .

~Cto ha a and others

Norcardi a asteroides

Streptococcus sp.

Eubacterium tarentel lus

Tab1e 1. Bacterial pathogens of f1sh and the diseases associated
with them.



responsible for severe mortalfty. The disease may occur in an
acute or chrcnic form depending upon water temperature, host
resistance, rumber of bacteria and virulence of the strain. In
the acute form, losses may be very severe without the development
of typfcal symptoms  Snieszko and Hul lock 1975!.

The bacterium is a short, nonmotile, nonsporulating,
nonencapsu'lated Gram negative rod and is an oxidase positive
facultative anaerobe. The G+C content of the DNA is 58K. Most
strains appear antigenical ly similar. Significant differences
exist, however, in the virulence of strains. Differences fn
highly virulent strains have been shown to be associated wfth the
presence of an additional layer  A layer! on the cell surface
 Udey and Fryer 1978; Munn et al. 1982!.

Aeromonas salmonicida can be grown on a wide variety of
~acterio ogigca me ia formic g small. white, tound, raised co.nvex
colonies. Most strains produce a brown, water soluble pfgment
after about 48 hr incubation at IB'C. Three subspecies are
commonly recognized based on the production of pigment, gas and
fermentation reactions  Paterson et al. 1980!.

All salmonid specfes are susceptible to infection with A.
salmonfcida and epizootfcs have been observed fn both fresh and
saa Swa er. The bacterium ls considered an obligate pathogen of
freshwater fish, but may be found free-living for short perfods of
time. Carrfer fish are the main reservoir of A. salmonicida and
transmission occuts primarily via water Tn,fecteZTiisl may
exhibit either chronic or acute disease depending on host
resistance, strain virulence and environmental factors such as
temperature. The gross pathology fs similar to that of other Gram
negatfve septfcemfas in fish. Areas of focal necrosis, abscesses,
hemorrhaging of fins and internal organs and a generalized
bacteremi a are the most common signs of the disease process. In
additfon, hemorrhage of the gills and bluish areas under the skin
are sometimes observed  Wood 1974!.

Epizootfcs of A. salmonfcfda are comnonly controlled by feeding
chemotherapeutic sauvstances such as sulfa drugs or
oxytetracycline. Of particular concern in recent years, is the
emergence of drug resistant strains of A. salmonicida which can
not be controlled with either of these ~an Tmmcro a compounds. A
potentiated sulfonamide  R05-0037! has been tested against A.
salmonicida with very encouraging results  Bullock et al. 1YJ4!.
The crier a For FDA approval have nearly been completed and the
drug may be available to fi sh culturists in the near futur e.
Effective vaccines against A. salmonicfda have proven difficult to
develop but currently research~i e ng evoted to this problem
 Paterson 1981!.

Motile aerononas septicemia

Aeromonas hydro hila is another Gram negative bacterial fish
pagtiogen w'Rrcli pro uces a hemorrhag1c septicemia and severe losses
under certain conditions. Most strains do not seem to be highly



invasive but, when the environment becomes unfavorable for the
host. A. ~hdro hila is capable of producing mortality.

Like most other members of the genus, A. h ro hila is a motile,
nonsporeformfng, nonencapsulated rod. Tt >s acu atively
anaerobic, oxidase posit1ve, fermentative and usually
nonpigmented. The G+C content ranges from 57-63% and many
serotypes exist. The organism grows well at 37 C and produces
white, c1rcular, convex colonies on agar media.

All cultured bpeCieS Of freshwater fish seem SuSCeptible to A.
hg!~pdro h11a and the bacterium is w1despread geographically. l!nder
connt~ons of stress or at elevated water temperatures  Groberg et
al. 1978!, the disease process resembles other Gram negative
sept1cemi as of fish . Control of motile aerononas septicemi as is
by administration of oxytetracycline or sulfa compounds in the
feed. Oue to the large numbers of serotypes of A. h ro hila,
litt le hope for an effective vaccine may be expel e .

Enteric redmouth

Yersinia ruckeri was formerly referred to as the Hagerman redmouth
omen art~ore mouth bacterium  Ewing et al. 19yg!. grlglnally.
this organism was thought to occur principally in stocks of
rainbow trout in the Hagerman Yalley of Idaho  Ross et al.
1966!. With improvements in diagnostic methodology, Y. ruckeri is
now known to occur among populations of many s ~ lmonid sp~ec es
throughout most of the United States.

The bacter1um is a short, oxidase negative, Gram negative rod,
motile by peritrichous flagella with a G+C content of 48%. !t
grows well on agar media forming colonies which are circu1ar,
creamy, entire and convex. Motility is present at 22'C but absent
at 37'C  O' Leary et al. 1979!. At least three serotypes are now
known  Stevenson and Daly 1982!.

The disease caused by Y. ruckeri is commonly known as enteric
redmouth or ERM and is characterized by a bacteremia with
infla!rnration and hemorrhage of the jaw and palate. Additional
signs resemble other Gram negative septicemi as of fish. While a
chron1c form of the disease accompan1ed by low mortality 1s
corrrnon, epizootics may occur if environmental conditions become
unfavorable for the fish. The disease can often be controlled
with oxytetracycline and sulfa drugs although many drug-resistant
strains of Y. ruckeri exist. Efficacious vaccines have been
developed agains7 7, ruckeri  Tebbit et al. 1981!.

Vibriosis

Vibrio ~an uillarum and Vibrio ordalii, the causative agents of
vuivri osis in .~amonids,~pro wc~user ous losses in fish reared in
saltwater alor!g the Pacific Coast. These bacteria are extremely
infectious, and produce a bacterial hemorrhagic septicem1a with
somewhat different pathology  Ransom 1978!. The advent of
salmonid mariculture was dependent upon deve'iopment of methods for



the control of this disease, Ffsh transported from fresh to
saltwater would often develop signs of vibriosis within four to
five days with catastrophic losses occurring within the following
seven to ten days.

Like other members of the Vibrfonaceae, these bacteria are short,
curved, nonencapsulated, nonsporeforming, Gram negative rods,
motile by polar flage11a. Both are facultative anaerobes, oxidase
positive and have G+C contents of 43-46K. Vibrfo an ullar um grows
rapidly producing circular, convex, cream-connore co unius,
Vfbrio ordalii is s1ower growing an primary isolatfon, requir ing
dtl fir attSC to form similar colonies. The most important
seratype of V. an ui1larum is serotype l. Vibrio ordalif is a new
species formerly c assified as I. an uillarum sero~type I  Schiewe et
a1. I98I,Other serotypes of V. an ui arum are known to be
pathogenic for fish  Aokf et a ., trout et al. 1978!.

These bacteria are found fn salt or brackish water and some
strains are isolated from fish in freshwater. All species of
salmonids are susceptible. Vfbrfosis is a typical Gram negative
septicemia with extensive hemorrhaging and necrosis of internal
organs and necrotic foci in the musculature. The dfsease may be
but is rarely chronic. Recent studies by Crosa �980! have
identified virulence factors associated with plasmids in certain
of these vibrfas.

Control of vibriosis fn cultured salmon was previously restricted
to the use of antimicrobial compounds such as oxytetracyclfne.
Highly effective vaccines have been developed against both Y.
~an ulllarum ard I. ordalii  Amend and Johnson 1981!.
Columnaris

Columnaris disease, caused by Flexibacter columnaris has 1ong been
recognized as a major disease ~osa mon TTs1v, Ii~orough review
of the organism has been prepared by Becker and Fujfhara �978!.
Massive losses have been attributed to F. columnaris among
populations of juvenile salmonlds In haec ~er es an among adult
ffsh returning to spawn.

Because of improved environmental conditions fn certain hatcheries
and fn holding facilities for adult salmon, losses due to
columnaris have been reduced. However, F. columnaris is a
ubfquitous pathogen ln the Iiorthwest and of~anomo a problem
whenever appropriate environmental conditions occur.

Flexibacter co1umnaris is a slender Gram negative rod which
exgiTEEs gyiifinen~ g~ vTity on solid surfaces. The cells in vitro
and in viva tend to 1ie in parallel masses or co1umns, givfnn~ne
orgaWns~mts name. The bacterium is aerobic and requires a
dilute, simple medium for growth  Cytophaga agar, Anacker and
Ordal 1959!. Colonies are dry, rhizoid and yellowfsh after 3 days
incubation at 20 C. Four sero1ogical groups are recognized and
signif fcant differences in virulence have been shown mnong
selected strains.



Fish affected with columnaris disease exhibit lesions of the
gills, skin and musculature. The g111s are most commonly involved
where yellowish lesions, severe necrosis and erosion of the gill
filaments are typ1cal signs. Bacteria 1n columnar masses can be
observed in wet mounts made from the leading edges of the
les1ons. The arganfsm becomes systemic and the disease process is
greatly accelerated at higher water temperatures  Holt et al.
1975!.

Oxytetracycline has been used to control outbreaks of columnaris
in hatcheries, and bath treatments with the herbicide, Diquat, are
also recommended  Woad 1974!. Reduction of water temperature is
the single most effective method af prevention of columnaris among
salmonids. No effective vaccines against this disease are
curr ently avai 1 able.

The largest natural fish kill ever recorded in the State of Oregon
occurred in Kiamath Lake, Klamath County, in 1971 and was caused
by F. columnarfs. The mortai1ty was composed of nonfood fish
 ra@gas~ and the resident biologists estimated thirteen ta
fourteen million fish were killed during the epizootic  Rohavec
and Fryer 1979!.

Low-temperature disease

C o ha a ~sch~roshfla 1s the causative agent of low-temperature
isease or YacKeri~acald-water disease, It fs particufarly

conlnan among cultured coho salmon fry in the coastal streams of
western Oregon and Washington when water temperatures are in the
range of 5 to 10'C. The d1sease can usually be controlled by the
use of oxytetracycline substances provided the fish have been
transferred ta ponds and are taking food. Cold-water disease is
particularly sever e among young fry in hatchery troughs where
treatment is dffffcult. Annual epfzoot1cs of cold-water d1sease
occur among cultured coho salmon at hatcheries where the bacterium
is endemic.

C opha a psychr~o hi la 1s a long, th1n, Gram negative rod which
ex s g~i ng manity. It does not form microcysts nor
fruiting bodies and also requires a sfmpie dilute media  Anacker
and Ordal 1959! for growth. Colonies are moist, spreading, and
yellowish resembling a "fried egg" after 3-4 days incubation at
18'C. Only one serotype has been reported  Pacha 1968!.

Fish infected w1th C. psy~chro hi la typically show saddle-lfke
lesions near the dorsaPf~n, ~asses of cytophagal organisms may
be found in these lesions. The fish often become dark and, in
advanced cases, a bacteremi a wi 11 occur, Oxytetracycline is
carmaanly used in controlling outbreaks of cold-water disease. No
vaccines are available against C. ~srchrnphila.

8 act er i al g i 1 1 d1 seas e

Bacterial g111 disease is caused by a long, th1n, filamentous Gram



negative rod. The organism has never been appropriately
classified, and it is possib'le that more than one agent is
involved. Whee environmental conditions impose unreasonable
stress on the host, this disease can result in excessive fish
mortality, An estimated nine million fall chinook salmon died at
the Bonnevi 1 le Salmon Hatchery in Oregon in the spring of 1978 as
a result of bacterial gill disease.

Kochbs postulates, required to establish the causative agent of a
disease, have never been completed for bacterial gill disease.
Bacteria can be isolated from diseased fish with relative ease and
grown in pure culture, However, when susceptible hosts are
exposed to these isolates under experimental conditions, the
typical disease process fails to occur  Wakabayashi et al. 1980 !.

Bacterial gill disease is reported worldwide in hatchery reared
salmonids. Wet mounts of gills from fish affected with this
disease show masses of flavobacterial or cytophagal-like organisms
covering large areas of the gills. Gill filaments are often
swollen, clubbed or fused together. Control of the disease
usually involves elimination of the bacteria from the gill surface
with bath treatments of germicides or disinfectants  Wood 1974!.

Bacterial kidney disease

Bacterial kidney disease remains one of the most serious bacterial
infections of salmoni ds. The causative agent, Renibacteri um
salmoninarum, does not respond effective1y to any of the readily
avaai cab e cheuotherabeutic substances and because of the slow,
insidiogs natu-e of the disease may continue to produce deaths
over long periods of time. There is increasing evidence that the
infectious process continues in salmonids after they have entered
salt water  Ellis et a1. 1978!.

Renibacterium sa1moninarum is a short, nonmotile, nonsporeforming,

rod that was formerly classified as a Corynebacter ium  Sander» and
Fryer 1980!. The organism is s 1ow-growing and requires a complex
medium containing cysteine and usually serum. The optimal
temperature for growth is 15-18'C and several weeks may be
required before small, circular, convex' white or creamy yellow
colonies can be observed. The G+C content is 53% and only one
serotype has been identified  Fryer and Sanders 1981!.

The bacterium is an obligate pathogen occurring intracellularly.
Fish infected with R. salmoninarum develop a s1ow chronic disease
characterized tiy grey-vRlte necrotic abscesses in the hidney
 Bullock et al., 1975!. Other interna1 organs and the eyes may be
affected in severe cases. All salmonid species tested are
susceptible and the disease is present in many stocks of fish
throughout the Northwest. No effective control method for the
disease is known.



Pseudokidney disease

Brood trout  pr1mari ly rainbow and cutthroat! occasionally show
signs of a condition referred to as pseudok1dney disease.
Examination of these f1sh often reveals the presence of a large
Gram positi ve bacterium belonging to the genus Lactobacillus  Ross
and Toth 1974! and Gram stains of this organism are occasionally
confused with those of R. salmon1narum.

The Lactobacillus sp. associated with pseudokidney disease is an

G+C content of 34-36%. Optimal growth occurs at 25-30 C on
tryptic soy agar which helps dfstinguish this organism from R .
salmoninarum. Colonies are whfte, pinpoint, circular and enact re.

Fish infected with this organi sm may show no pathological signs.
Chronic infection may lead to a distended abdomen, muscular
abscesses and asc1tes. Higher temperatures and the stress of
spawning are thought to accelerate the disease process.
Oxytetracyclfne has been used prophylactically before spawning to
reduce the mortality associated with this disease.

Edwardsiel losis

Edwardsiella tarda was first reported as a fish pathogen by Meyer
nnznau occ rrgrgr. The agent has since become recognized as ~
serious problem in cultured catfish in the southern United
States. Recently, however, E. tarda has been isolated from
Pacif1c salmon in the Northwest~Amandf et al. 1982!.

The organism is a nonsporeforming, Gram negative rod which is
motile by peritrichous flagella. It grows well at an optfmal
temperature of 37'C forming small, grey, circular, transparent,
raised colonies. The bacterium is oxidase negative, produces H2S
gas and has a G+C content of 53-59%. A wide range of homeotherms
and poiki lotherms are hosts for E. tarda. Isolates from fish are
serologically similar.

Catfish infected with E. tarda typ1cally exhibit a chronic disease
process. Mortality is o~en ow until the fish are stressed.
Then, gas-filled abscesses beg1n to form fn the musculature,
becoming necrotic and fou 1-smelling. In catfish, the name
"emphysematous putrefactive disease" was given to th1s condition
but the terms "edwardsiellosis" or "edwardsiella septlcem1a" are
now more commorrly used to name this disease.

Salmon have been found to be naturally infected with the bacterium
at warmer water temperatures. Experimentally, the organism has
been shown to he capable of causing serious mortality in sa1monid
fish . Edwardsi el losf s may be controlled by antimicrobial
compounds; however, reduction in water temperature is an important
adjunct to chemotherapy.



Table 2. Viruses of fish which have been isolated and
characterized.

~GrouVirus

~her ear lrus solemnis

Ch anne 1 C atf i s h Virus

NeVTA Virus

~Oncorh nchus masou Virus

Viral Disease

At least 20 viruses have been isolated from fish  Table 2! and an
additional 14  Tab1e 3! have been observed by means of electron

infectious Pancreatic Necrosis Virus

fnfectious Hematopoietic Necrosis Virus

Lymphocystis Virus

Carp Gill Necrosis Virus

Bluegill Virus

Eel Virus 2

Eel Virus A

Eel Virus X

Viral Hemorrhagic Septicemia Virus

Spring Viremi a of Carp Virus

Pike Fry Rhabdovirus

Golden Shiner Virus

Eel Virus E

Chum Salmon Vi "us

Eel Virus 1

Grunt Fin Agent

Reovirus-like

Rhabdovirus

Herpesvirus

Herpesvirus

Herpesvirus

Herpesvirus

Iridovirus

Iridovirus-'like

Orthomyxovirus

Orthomyxovirus

Rhabdovirus

Rhabdovirus

Rhabdovirus

Rhabdovirus

Rhabdovirus

Reovirus-1ike

Reovirus-like

Reovirus

Ungrouped

Ungrouped



Table 3. Viruses of fish abser ved by electron microscopy.

Virus

microscopy  Wolf and Mann 1980!. In the Pacific Northwest, four
viruses have been identified among populations of salmanids.
Three of these  infectfous pancreatic necrosis virus, infectfous
henatonoietic necrosis virus, and ~her esvirus salnonis! have been
isolated slid characterized, while the fourth terythrncytic
necrosis virus! has yet to be isolated in ce11 culture. The
viruses of ffsh have been reviewed by Pilcher and Fryer �980! and
McAl lister �979!.

Infectious pancreat1c necrosis

Infectious pancreatic necros1s virus  IPNV! was isolated in the
Pacific Northwest in the early 1960's, but 1t was not observed to
be a major cause of mortality among sa'imonfds until the early
1970's. During the years 1971 through 1973, the entire brook
trout program in the State of Oregon for those years was
eliminated as a result of this virus. Heavy losses of rainbow
trout also occurred. Infectious pancreatic necrosis virus remains

10

Erythrocytic Necrosis Virus

Virus of Ep'itheliosum Papillosum

Turbot Herpesvirus

Pleuronectid Papilloma Virus

Walleye Sarcoma Virus

Walleye Epidermal Hyperplasia Virus

White Sucker Epidermal Papilloma Virus

Brown Bullhead Papfl'lorna Vfrus

Atlantic Salmon Pap111oma Virus

Intraerythrocytic Virus of Rainbow Trout

Northern Pike Epidermal Proliferatfon Virus

Ulcerative Derma1 Necrosis Virus

Esocid Lymphosarcoma V1rus

Atlantic Salmon Fibrosarcoma Virus

Group

Iridovirus

Herpesvirus

Herpesvirus

Ungrouped

Ungrouped

Ungrouped

Ungrouped

Ungrouped

Ungrouped

Ungrouped

Ungrouped

Ungrouped

Ungrouped

Ungrouped



w1despread throughout portions of the Columbia River 8asin and in
certain high mountain lakes,

Infectious pancreatic necrosis is a viral infection that
characteristically causes epi zootics among the fry of various
species of salmonids. Hrook trout are especial'ly susceptible.
Infected fry exhfbit whirling, darkening, exoptha1mfa and petechia
1n the muscles and viscera. The mortality rate is usually high.

The IPN virion is nonenve1oped, has icosahedral syrrwretry and is
approximately 65 nm in diameter. The genome of the virus is
composed of 2 segments of double-stranded RNA, The virus can be
propagated in several fish cell lines at 20'C where 1t causes a
cytopathic effect  CPE! composed of rounded, detached and spindle-
shaped cells. At least 3 serotypes of IPNY are recognized. The
disease and v1rus have been reviewed by Scherrer �973!, Wolf
  1976!, and Pilcher and Fryer �980!.

Infectious herratopoietfc necrosis

Infectious hematopoietic necrosis  IHN! is a viral disease
principally affecting fry of sockeye and chinook salmon and
rainbow trout. Reviews of this disease have been published by
Amend et al, �973!, Wolf   1976! and Pflcher and Fryer �980!.
The natural range of IHNY is the Pacific Coast of North America
extending from the Sacramento-San Joaquin River system in
Californ1a to Alaska where the virus occurs endemical1y.

Infectious hematopoietic necrosis virus is a rhabdovirus  Arrrend
and Chambers, 1970!. The virion is a bullet-shaped particle
measuring approx1mately 170 x 80 nm. It 1s enveloped and the
genome is composed of single-stranded RNA  McA'llister et a1. 1974,
lrfcCafn et al. l974!. The virus replicates in most of the corrmronly
used fish cell lines producing a CPE consisting of rounded cells
fn "grape-like" clusters� . Only one serotype has been reported,
but some serological d1fferences in strains of the virus are
thought to exist  McCain et a1. 1971!.

Salmon fry infected with IHNY exhibit darkening, exopthalrnia,
abdomfnal swelling, petechia of musculature and fins and often
trafl white fecal casts. Epizootics usually occur in the spring
when water temoeratures rise and fry of a susceptfble size �-2 g!
are present. tosses to IHNV can exceed 80-90% in some outbreaks.

Infectious hematopoietic necrosis virus w111 remain a major
management problem because of the high incidence of carriers among
adult salmon returning to streams where the virus is endemic, No
treatment is available for viral diseases of fish, but e'levation
of water temperature has been used at some hatcherfes to reduce
the severity of epizootics. This treatment has not been effect1ve
in reducing the numbers of carrier fish. Research with attenuated
and kflled vac:ines is still in the experimental stage but shows
some promise,

11



V1ral erythrocytic necrosis

Viral erythrocytic necrosis  VEN! was first described by Laird and
Bu11ock �969 !, as a pathological condition 1n the erythrocytes of
three fish species collected from coastal waters of eastern Canada
and the northeastern USA. Eosinophilic inclusion bodies measuring
up to 1 um in diameter were observed in the cytoplasm of infected
erythrocytes. The nucleus was distorted, and round clear vesicles
developed, containing dense staining particles from 250 to 500 nm
in d1ameter, A possible viral etiology was suggested, and the
d1sease was first named pisc1ne erythrocytic necrosis  PEN!.

Additional studies of this disease in Atlantic cod have been
reported by Appy et al. �976! and Walker and Sherborne �977!.
These included electron microscopic examinations of infected
cells. Both groups observed cytoplasmic particles with hexagonal
or pentagonal orofiles resembling 1ridovirus virions.

Viral erythrocytic necrosis has also been reported in fish from
the Pacific Coast of North America. Evelyn and Traxler �978!
observed VE'N in chum and pink salmon reared in pens at Oeparture
Bay, British Columbia, The virus has also been found in adult
chinook, coho and chum salmon, steelhead trout and herring from
the coastal waters of Oregon  Rohovec and Amandi 1981 !.

Limited progress in understanding this disease is anticipated
until the infectious agent can be iso1ated and propagated. At the
present time, it is not known if a single viral agent or a group
of related viruses is responsible for this disease.

Herpesvirus disease

Wolf and Tay1o- �975! and Wolf �976! reported the occurrence of
a 30 to 50% post-spawning mortality among rainbow trout
broodstock. This loss had occurred annually since 1971 at the
Winthrop Fish Hatchery in Washington State. Each year, an agent
presumed to be a virus was isolated by W, G. Taylor from ovarian
fluids of the diseased fish, but its viral nature was not
confirmed until 1975. The characteristics of the v1rus indicate
it is a member of the herpesvirus group. The agent has been named
~eer esvirus saieonis  dole et ai. t978!.

Rainbow trout fry have been used to study pathological changes
caused by H. salmonis �lolf and Smith 1981!. The effect of the
virus on a~u6: iias not been detereined. Her esvirus saieonis uas
originally iso'lated from ovarian fluid, in >cat ng that a carrier
state existed in some adult rainbow trout. The virus has only
been observed in the USA and perhaps Japan  Sano 1976! where
several similar viruses have been isolated .

The origin of the virus is unclear, but it may have been
transm1tted via egg shipments from Japan to the U.S. The Winthrop
hatchery was disinfected and all carrier brood fish were
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destroyed, Since then, N. salmon1s has not been fsolated from
fish at the hntthery and mayyyave icon eliminated from horth
America.

llost Parasite Relationships and Disease Control

Disease in fi;h is the result of an interaction between the host,
the pathogen and the environment  Wedemeyer 1970, Snieszko
1974!. With this relationship in mind it is possible to consider
how temperature, density, genet1cs and presence of the pathogen
affect the disease process.

It is well established that salmonid fish are highly sensitive to
changes in the quality of their envir onment. Experiments have
been conducted in our laboratory to test the effects of water
temperature or rainbow trout, and coho and ch1nook salmon infected
with A. salmoriicida and A. h dro hi la  Groberg et al. 1978!,
bacteWra~rieyryTsease an ers e al. 1978!, Ceratom xa shasta
 Udey et al. 1975! and F. columnaris  Ho1t et a .. n eac
case an optimal range o7 temperature for the progress of infection
was observed. With the exception of bacterial kidney disease,
lower temperatures favored the host, and higher temperatures
accelerated the d1sease process.

Rearing fish in excess of the carrying capacity of the hatchery is
a major contributing factor to disease. Crowding favors the
transm1ssion of infectious agents and produces stress 1n the host
which depresses disease resistance. 8acteri al gi 11 disease
outbreaks have been observed to occur regularly at densities in
excess of 0.6 Kg of fish per 1iter of water per minute  Wood
1974!.

Selective breeding of salmonid fish has been practiced in one form
or another for many years. In addition to character1stics such as
ocean survival, fecundity and maximum size, it is also possible to
select stocks showfng resfstance to a specific disease. In a
study conducted in our laboratory  Zinn et a1. 1977! it was found
that fa11 chinook salmon raised from eggs of parents taken from
rivers in which the protozoan C, shasta is endemic were highly
res1stant to challenge with the agent and suffered only 0-13%
mortality. On the contrary, those fish from parents taken from
r1vers where the parasite was absent, suffered an 88-100%
mortalfty, This difference is presumed to be the result of
natural selectfon in the presence of the pathogen.

In addition tc environmental and host considerations, one of the
most effective methods for controlling disease results from
efforts to elimfnate or reduce the contact with disease agents,
Several approaches have been used to achieve this goal. In the
hatcher y, ponds and equipment are routinely sanitized between
groups of fish with beneficial results. Sanit1zing agents
containing chlorine or iodine are most cofmonly employed  Wood
1974!.

The disinfection of eggs, both before shipment and upon receipt at
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the hatchery, has become routine. Iodaphors are the disinfectant
of choice and will eliminate many disease agents which could be
transported on the surface of the egg  Amend 1974!. Recent
evidence, however, seems to indicate that IPN virus and R,
salmaninarum may not be k111ed by this method, perhaps because
t ese agents are inside the egg or somehow sequestered from
contact with the disinfectant.

Pasteurization of the fish processing wastes which are
incorporated into sa1mon d1ets has effectively eliminated fish
tuberculosis caused by N cobacterium sp. This disease was
formerly widespread in t e o u a Mver basin hatcheries, and
its disappearance is thought to be a result of breaking the cycle
of re1nfection caused by the feeding of raw salmon viscera.

Hatchery water supplies have also been modified in order ta reduce
contact with disease agents. Wherever possible, hatcheries
utilize well ar spring water sources that are fish pathogen
free. Other hatcheries have constructed extensive treatment
facilities us1ng high rate sand filtration followed by ultraviolet
radiation, ozone or chlorination systems to render water supplies
pathogen free. Hatchery designs using reduced flows, recycled
water and water flowing through consecutive ponds are regarded as
less desirable from a disease standpoint as they allow the number
of pathogens ta increase and favor disease outbreaks.

Contact with disease agents can also be reduced by policies which
will eliminate or reduce the numbers of carrier fish both in a
hatchery or in the wild. While such a commitment may be difficult
to initiate, it has been successful where applied, Fall River 1n
central Oregon is a short, spring-fed stream on which a trout
hatchery is located. Below the hatchery is a natural obstruction
 waterfall! which prevents fish passage. An epizootic in 1973 was
diagnosed as IPN and further sampling revea'led IPNV carrier fish
in the stream above the hatchery. The decision was made to kill
the surviving fish as well as all wild fish above the hatchery and
to sanit1ze the entire facility. Following these procedures the
river and hatchery were restocked with virus-free fish. S1nce
that time, no isolation of IPN virus has occurred at the station.

Recent evidence indicates that the stocking of virus-free fish
alone may reduce ar eliminate the carrier population. In Canada,
trout from fakes have been sampled to determine the percentage of
IPNY carriers before and during stocking with IPNY-free fish. The
percentage of IPNV carriers declined ta very low or non-detectable
levels in these 1 akes  Yamamoto 1978!. A simi 1ar example of the
dilutian of virus carriers is reported from Utah which stacked
IPNV carrier f ish in 1968 and 1969 in Schofield reservoir.
Beginning in 1970 only virus-free fish were stocked and no
detect1on of IPNV has occurred in samples taken after 1971  FHS
Newsletter 1978!.

One of the mosl: important management techn1ques for controlling
the spread of 'infectious agents involves the establishment of a
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disease control policy for a given geographic area such as a
watershed, system of lakes, state or country  Fryer et al.
1979!. The first requirement of such a policy is an extensive
samp11ng program to determine the geographic distribution of
various disease agents within that area  Mulcahy et al. 1980!. In
the Pacific Northwest, certain serious fish pathogens  whirling
disease, caused by M xosoma cerebralis, and V1ral Hemorrhagic
SepttcemlaS have never een tieencte .

Once the geagraphic distribution of known fish pathogens has been
determined, a rational disease-inspection and certification
program can be established. The disease-free certification of
stocks to be tr>ported or moved between watersheds will prevent the
introduct1on or further spread of those agents with a limited
geographic range. Many states have recently implemented such a
disease contro' policy. In Oregon, examinations must be conducted
for the viruse<;: VHS, IHN and IPN; the protozoans: C. shasta and
M. cerehralls; the hacter1a: A. salmonicfda and 1, rucherv; and
K sag~ a~ann naruac Currently. at l~east o the SC states vn the
Tfr~ave some :ype of required disease inspection. The
estab11shment of an effective disease control policy, coupled with
the other management techniques dicussed, will continue to reduce
the incidence and sever1ty of f1sh diseases in the Pacific
Northwest,
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The many demonstrations of fish disease due to Vibrio an uillarum
establish this bacterium as one of the most presaent o marine
pathogens  Canestrini, 1893; Cisar and Fryer, 1969; Evelyn, 1971;
Rucker et al., 1953!. However, despite the voluminous literature
on this vibrio as a common pathogen, the actual molecular basis
for this important disease is poorly understood, a'lthough its
similarities with invasive septicemic diseases in man are quite
appal 1 i ng.

The sequence of events is similar to mammalian inflammation except
for a very slow digestion and lysis by the phagocytic cells, The
fish inflarrmtatory response takes longer to initiate and the whole
process goes s'lower  Finn and Hielson, 1971; ingram and
Alexander, 1977!. Experimental infections caused by low-virulence
strains of V. an uillarum  Braaten and Hodgins, 1976! do not
proceed beyond these nitial stages but if the infecting V.
~an uillarum strain is of a high. virulence phenotype, the risease
progresses with the appearance of characteristic bloody lesions in
the musculature and a generalized septicemia; death ensues from
hypoxia and dysfunction of various organs  Harbe'll et al, 1979;
D. Ransom, ph.D, Thesis, Oregon State University, Corvallis,
1978!. Obviously, the high-virulence strains of V. an ui llarum
have developed the ability to evade the fish spec7fic an
non-specific mechanisms of defense against infection.

The many similarities of the pathogenesis of this disease as
compared to invasive septicemic diseases in man, together with the
relative facility with which fish can be manipulated make the fish
- V. an uillarum system an attractive animal model. By using the
fish mode we have recently shown that many of the high-virulence
strains of V. an ui llarum isolated from epizootics harbor a
specific plasmi class which is absent from low-virulence strains
 Crosa, et al 1977!. Curing experiments have confirmed a link
between the presence of this specific plasmid which we celled
pJMJ, and the agility of f. ~an u111arm to establish infections
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 Crosa, et al, 1980!, suggesting that this plasmid carries genetic
determinants for an important component of the virulence
repertoire of this bacterium.

In general, all bacterial virulence factors promote growth in the
antagonistic environment of the host defense mechanisms. One line
of defense i. provided by the proteins transferrin and lactoferrin
which bind iran, an essential element for bacterial growth  Bullen
et al, 1978, Nei lands, 1981; Weinberg, 1978! These proteins are
normally unsaturated and limit the availability of iron i n blood
and on mucosal surfaces which, in turn, may result in enhancement
of non-specific resistance to bacterial infections  Builen et al,
1978; Neilands, 1981; Payne and Finkelstein, 1978; Weinberg,
1978!. A mechanism whereby invading bacteria may selectively and
successfully compete for the bound iron could become crucial in
enabling them to proliferate in body fluids and tissues, and thus
establish an infection,

We have recently determined that the ll. a~n uillatum virulence
plasmid spec ifies a very efficient iron sequestering system
enabling high virulence plasmid-carrying V. an uillarum strains to
survive and grow in vitro under conditions o limited iron
availability in a culture medi um containing high concentrations of
transferrin  Crosa, 1979; 1980!. Under the same conditions,
low-virulence cured strains  plasmidless! are completely
inhibited.

In experimental infections of fish with a mixture of both, a
plasmid-carrying high-virulence strain and its cured,  plasmid-
less! low-virulence derivative, there was a selective
advantage fo the plasmid-carrying high-virulence strain.
However, when iron was included in the inoculum this advantage was
greatly diminished. These results demonstrated that the ability
to take up iron under conditions of iron limitation is a very
important virulence determinant in V. ~an uillarum  Cross, 1979;
1980!.

Concomitant with an efficient iron uptake by plasmid-carrying
strains of V. ~an uil'larun, new outer membrane proteins are
induced. At least one of them OM2, an 86,000 dalton protein is
induced only when the virulence plasmid is present  Crosa and
Hodges, 1981!. This outer membrane protein may play a role as a
receptor for a putative plasmid-mediated siderophore,

In order to map the location of iron uptake genes and determine
thei r association with virulence i n the fish model, we initiated a
mutational analysis of the plasmid-mediated iron-uptake system in
V. ~an uillarum. In tlvis paper, we describe the utilization of
transposon-generated mutations to characterize the plasmid-
mediated iron uptake system in V. ~an uillarum.

Analysis of Iron-uptake Deficient Mutants

A number of recent studies have demonstrated that several
antibiotic resistance genes reside upon discrete sequences of ONA,
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transposons, t.hat can migrate from replicon to replicon.
Transposition events occur virtually at random into a plasmid or
chromosome and if the insertion event occurs within the continuity
of a gene, it leads to the generation of non-leaky polar mutations
 Hedges and Jacob, 1974; Heffron et al, 1975!.

Recent experiments in my laboratory have shown that Pl group
plasmids can be transferred from Escherichia cali K12 to
V a 'll . RPM, one member of this incompatibility droop
which possesses the transposition sequence Tnl, carrying
ampicillin resistance determinants  Hedges and Jacob, 1974;
Heffron et a'1, 1975! has been especially useful as a donor of the
transposition sequence Tnl to the pJMl plasmid in V.
~an oi llarom CC rosa et al, lbbbf.

Hy using the Tnl donor capacity of RP4 we were now able to
generate a series of pJM1 derivatives in which the Tnl sequence
has been inserted at different sites. The methodology we used to
develop these transposed derivatives is described in a previous
work  Crosa et al, 1980!.

Table 1 shows the properties of five of these derivatives and
figure 1 shows the relative mobility of two of the derivative
plasmids as compared to pJM1 in an agarose gel electrophoresis
determination. All of the strains tested are now resistant to
higher levels of ampicillin and as expected, the molecular weight
of the virulence plasmid in most of these strains has been
increased by about 3.5 megadaltons  Mdal!, due to the insertion of
1 nl in the plasmid genome, although in one case 775:Tnl  pJHC 9-8!,
the plasmid has actually suffered a deletion of about 8,5 Mda'l,
induced by the Tnl integration  see Fig 1!.

1 b1 1. Props t f 1 1 1 se tion S 1 ti of the Y. ~itt ponl
p l asmi d.

Plasm d5tfain

 "! 1nduction of OM 2 occurs in this mutant at lower levels than
in the wild-type 775  pJM1! strain
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FIGURE 1; Agarose gel electrophoresis of plasmid ONA Plasmid ONk
was electrophoresed in a 0.7X agarose gel as previously described
 Crosa et al, 1978!. Ch band corresponds to chromosome ONA.

Lane A; pJMl
Lane 8: pJHC91
Lane C; pJHC9-8

Most of the strains containing the pJMl-insertion derivatives are
iron-proficient and of high virulence indicating that insertion of
Tnl t.ook place in a plasmid region non-essential for the
iron-uptake process or virulence. liowever, the deletion mutant
775: Tnl  pJHC9-8! and one of the i nsertion derivatives, 775-8: Tnl
 pJHC91!, showed an impairment in their ability to grow under
conditions of iron limitation. In addition, these two derivatives
showed a decreased virulence in the fish system, the LO50  'let.hal
dose 50: number of bacteria killing 50 percent of the fish
inocu1ated as determined by the method of Reed and Muench, 1938!
increasing by about 4 to 5 logs  Table 1!. These results
indicated that the iron uptake genes have been affected by
insertional inactivation with Tnl to gene~ate the pJHC91 p'iasmid�
as we11 as by the insert,ion-deletion process which generated
pJHC9-8. Additionally our mutant data demonstrate the intimate
relation between iron uptake proficiency and the high-virulence
phenotype o f these bacteria.

In all the known specific systems of iron transport at least two
components are invo1ved, One component is a specific siderophore
 a low molecular weight compound that will bind iron! and a second
is a specific membrane receptor for the iron-siderophore complex,



These two components appear to be necessary for the internaliz-
ation of the iron ions by means af' a specific mechanism,
lf the plasmid iron -uptake su.;tea i . if. anrnuillarum acts in this
fashion then aur iran -uptake deficient. mutants might have lesions
in the production or function af either of these two components.
Moreover, it seemed logical t,o hypothesize this type of mechanisi»
after the fi ndi ng that an iron regulated outer membrane protein,
OM2,  which cou1d be a rereptor! is associated wit.h the presence
of the pJM1 plasmid. With th'is in mind, we derided to examine
our two mutants with respect ta sideraphare and specific receptor
usage,

Conseguentiy, further insight inta the nature of the plasmid
mutat.ions was obtained by crass-feed'ing experiments. Figure 2
shows that under conditions of' iron limitation the iron-uptake
deficient. mutant, 775: 6; Tnl  pnlHC91! rari grow anly around filter
discs containing supernatants from ."lt,rains carrying an intact pJMl
type plasmid. Growth does not. occur if t.he filter discs contain
supernatants from eithe> of t,he two iron upt.ake deficient mutants
or from a pl asmidless strain.

FIGURE 2: The ability of supernatants to support the growth of
the 775-6: Tnl  pJHC91! mutant in iron-depleted medium was tested
by impregnating a sterile filter disc with 10 pl of supernatant
from the growth of different V. an@uillarum strains. Strains were
grown in a minimal medium containing 10 pM EDDA
 ethylenediamine-o-hydroxypheny! acetic acid!, a non-assimilable
iron che1ator, for 16 hrs. at 23 C. After centrifugation of the
cells the super natant.s were removed and filter sterilized. The
discs were placed on a minimal agar plate contai ning 10 pM EDDA
and that. had been seeded with a lawn af 0. 1 ml   10 cells! of t.he
775-6;Tnl  pJHC91! strain in 4 mls of plain top agar.
Supernatants tested were from the strains carrying t.he wild type
plasmids:775  pJM1! on disc A; 775-1: Tnl  pJM11! on disc 8;
775-8:Tnl  pJHC12! on disc C. Supernatants from the mutants
775-5: Tnl  pJHC 9-8! on disc D; 775-6: Tnl  pJffC91! on disc E and
the plasmidless strain 775-3 on disc F.
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Figure 3 shows that this cross-feeding effect is specific for the
775-6. Tnl  pJHC91! mutant as wild-type plasmid-carrying strains
cannot cross-feed the plasmidless strain H775-3.

FIGURE 3. Same as Figure 2 except that the bacterial strain used
for the lawn was the plasmidless derivative H775-3 and that 20 pl
of bacterial supernatant per disc was used.

The very thin halos seen in this photograph around discs D,E, and
F are caused by growth of the lawn bacteria utilizing the iron
present at higher concentration �4 pM in the medium used to grow
these iron uptake-deficient derivatives; 775-5:Tnl  pJHC9-8!
775-6:Tnl  pJHC9l! and 775-3  plasm'idless!.

The ability to utilize a diffusible siderophore produced only by
wild-type plasmid-carrying strains, indicate that the
plasmid-mediated outer membrane receptors in the mutant 775-6: fnl
 pJHC91! are still functional and thus, the Tnl insertion only
affected genes involved in the synthesis of the plasmid-mediated
siderophore. It can also be inferred from Fig 2 that the
deletion mutant 775-5:Tnl  pJHC9-8! could not cross-feed the
insertion mutant 775-6:Tnl  pJHC91!, suggesting that the de'ietion
process which generated pJHC9-8 also affected the plasmid genes
involved in siderophore biosynthesis. An important result  shown
in Fig 4! is that the deletion mutant cannot be cross-fed by
wild-type plasmid carrying strains.
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FIGURE 4. Same as Figure 3 except that the bacterial strain used
for the lawn was the deletion mutant 775-5: lnl  pJHC9-8!. The
same type of thin halos are seen in D,E, and F, although these are
smaller because only 10 jul of supernatant was used.

These results indicate that the 8.5 Mdal deletion affected not
only the putative siderophore genes but also the genes for the
cognate membrane receptar.

Analysis of the outer membrane proteins produced under mild iron
limitation at 2 tuM iron  the lowest iran concentration at which
the iron uptake deficient mutants or plasmidless strains can grew!
shows that the DM2 protein is induced in the insertion mutant
775-6:Tnl  pJHC91! but is absent from the deletion mutant
775-5:Tnl  pJHC9-8!  Table 1!. The chromosomally mediated OM3
protein is present in both mutants. Although still circumstantial
these results strongly support the contention that the
plasmid-mediated OM2 protein might be the putative receptor for
iron/plasmid-mediated-siderophore complexes.

Fig te 5 summatizes oun findings. V. ~an ~ iiia.um 775 possesses a
plasmid that codes for an iron uptake system which consists of two
components. One is a siderophore which can aut-compete the
vertebrate serum trarisferrin for bound iron and the other is a
specific membrane receptor for the iron-siderophare complex. We
believe the receptor is the outer membrane pratein DM2. At. this
time we do not know if the rhromosomally mediated DM3 protein
plays a role in this process. The derivative carrying the pJHC91
plasmid is thus blocked in step 2  thus not producing a
sideraphore! and the derivative containing the pJHC9-8 p lasmid is
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FIGURE 5. Model of the plasmiti-mediated iron uptake system in V.
anguillarum

blocked in both steps 1 and 2 because it cannot cross- feed or be
cross-fed by the parent st~ain, These findings suggest a pI-oblem
in both production of a siderophore and presence of a specific
active receptor for this mutant.

Our mutant analysis also demon trate t.hat the iron transport
genes are apparently the only vitulence determ'nants carried by
the pJM1 plasmid in V. a~n uillarum.

Of course, the ability of bacteria to cause disease is the result
of a constellation of bacterial properties which ultimately
to their establishment in the vertebrate host. For instance,
the case of V, anguillarum we have recentIy demonstrated that the
ability to withstand the bact.ericida! activity of normal  non
immune! fish serum appears to be another important component. of
the virulence repertoire of these bacteria  Trust et al, 1981!,
Other factors may play a role at different stages during the
invasion process.

With respect to the location of the virulence genes in V.
ancEuiliarum, a plasmid-mediated system of iron-uptake is the
meehan>sm most frequently found in virulent strains of this
bacterium isolated in the Pacific Northwest. Conversely s~rum
resistance is a chromosome-mediated trait in all the strains
examined so far, Nonetheless, our recent work indicates that
in certain cases a chromosome-mediated system can be
responsible for iron-uptake in V. angui 11arum  Toranzo et al, i n
press, 1983 and Crosa et al, in press 1983!.

Further insight into the molecular aspects of t.he pJM1 plasmid-
mediated iron upt.ake syst.em has recently been obt.ained by
restriction endonuclease analysis of plasmid DNA obtained from the
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iron- uptake defici ent transposon-generated mutants. Comparison of
restriction endonuclease patterns has allowed us to localize the
iron-uptake region within a specific 15 kilobase pairs  Kbp!
region of the u. anIiuiiiarum ui alienee piaamia pJM1 hali  M.A.
Walt.er, S.A.Pot,ter, and J.H. Crosa, manuscript in preparation!.

Further dissection and molecular cloning of restriction fragments
within this region is currently being carried out in a program to
isolate t.he plasmid genes involved in the iron uptake process an�
high-virulence phenotype of V, anquillarum 775,
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revi ewed and results of molecular-genetic characterizations of this
important fish pathogen are su!nmarized. Finally, the present, albeit
limited, information ori the pathogenesis of di sease produced by V.
ordalii is reviewed.

EulturnI ar«l fi!ochern!eel I'rupvrrres

Vibrio ordalii and V. an ui Ilarum are both  'ram-negative, asporo-
genous, straight or sling t y cur ved rods which are motile by a
single polar tlagel lum. Both microorgani sms are oxidase-positive,
facultatively anaerobic, and sensitive to the vibriostatic compound
2,4-di ami nO-6,7-di i SOpr Opy 1 pter i dine �/129!.

A detailed treatment of the phe;!otypic characteristics of V. ordalii
and U. angui I larum can be found in a nun!her of paper s including
Evelyn �~7]V, Ohnishi and Muroga �976!, Baumann et al �978!,
Fzura et a 1. �980!, and Schi ewe et a 1 . �981!. Baumann et al.
�978!, ~sing a battery of tests speci fical ly formulated for use
with ma~ine eubacteria  Baumann and Baumann, 1981!, demonstrated
considerable phenotypic dissimilarity between V, ordalii and V.
a~n uillarum. Major differences were shown in nutritional versatil-
ity with V. ordalii able to utilize substantially fewer organic cor!!-
po~nds as sole or principal sour ces of carbon and energy. These
differences were reflected in the results of a numerical analysis
which segregated V. ordalii and V. arr~ui11aru!I into two clusters
linking at 70"- si!riilai-ity  Baumann et al., 1978!. Ezura et al.
�980!, u' ing more conventional biochemical tests, also compared U.
ordalii and V. an!luil laru!i!, and the results of their nurnerica'I anal-
ysis Ind~cated linkage at the 6',' similarity level.

Vibrio ordalii and V. a~n!Iuil la!'un! are readily distinguishable by as
many as 17 tests routinely used in a clinical laboratory  Schi ewe
et al., 1901!. Particularly useful in making the distinction ar e
the 'I2 tests listed in Table l. Typical results of these tests again
attest to the lack of physiological and nutritional versatility by
V. ordalii. These differences suggest; a more host-dependent. mode
of existerrce by V. ordalii; a premise that is supported by the
isolation of V. ordalii only from moribund fish. In contrast, V.
anguii I arum has been isolated from sr ver al environmental sour r es
inc luding seawater, sediment., and net-fouling material.

Sprain!',Icx I Hi-Iarinnshgis

A number of investigators have»xamined both intraspecific and inter-
specific serological relationships within and between V. ordalii
and V. angui I I arum. Harrel I et al . �976!, using immunodi f fusion
and antibody absorpt.i or! techniques, demonstrated anti geniC crOSS-
reactivity between V. ordalii arid V. a~nui1I arum. Additionally, they
showed the presence of anti gens u!rique to earh bacterium. Gould
�977!, also employing immunodi f fusion, demonstrated the anti-
genical ly distinct nature of the Iipopolysaccharide extracted from
V. ordal i i and V. anrjui11a!'u!!!.



V orddiii V. anquillarun!Test

Uoges- Pros ka uer
Arginine, alkaline reaction
Ci trate, Si!mions
Citrate, Christensen
Starch hydrolysis
UNP '
Lipase
Growth at J 7'C
Acid production from

Celiobiose
Glycerol
Sorbitoi
Trehalose

Fzura et al. �980!, in an exdr»indtion of over 200 strains of
bacteria isolated fro!» outbreaks ot vi bri osis in Japan, found the
V. ordalii strains belonged to a single serotype, J-0-1, based un
somatic antigens. In cont rast, the V. an~uillarum strains were
diviSible into at least three 0 serotypes; however, 50'/ of these
strains dlsu belor!ged to the J-D-I serotype.

In vivo analyses have demonstrated that V. ordaiii and V. anguillarum
each possess protection-inducing, heat-stabTe antigens that are
unique, and others that are cross-protective  Schi ewe and Hodgi ns,
lg77!. As shown in Table 2, coho salmon �nc~orh nchus kiSutch!
immunized wi th heat-stable components of ether bacterium showed a
high degree of protection against challenge with the homologous
bacteri um and a 1 esser degree of protection against the heterol ogous
organism. In both cases, survival of heterologously challenged :ish
was higher than the nonimmunizeo cor,trois.

TABLE 2. Comparison of pe!-cent mortality among g. oups of coho sa imor,
injected with heat-killed preparations of V. ordalii, V.
anguillarum, or saline  con'. ol! and subsequently chal-
lenged with live V. ordalii or V, ar!q!iil larum. Data from
Schiewe and Flodgins �977!.

Per" con t Morta 1 i~t

lmr!uni zed with
U. orda1 i i

Immunized with Saline-injeci:ed
U. anguilla!'um control

Challenged
with V. ordalii Ig

Challenged with
V. anqui 1 1 arum
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TABLE 1. Tests useful in di stinguishir.g V. orda1 i i and V. angui ! 1 dr ~»!~,
and tvpica1 results. Data from Schiewe et al. �901!.



The results of these serological studies have been put to consider-
able practical use. For example, the demonstration of antigenic
differences have been exploited in the preparation of diagnostic
antisera. In the Pacific Northwest, commercially prepared anti-0,
ordalii and anti-V. an<Euillarum sera are teadily available for use
in the diagnosis of vibriosis and for distinguishing between causa-
tive agents  Novotny et al., 1975!. Moreover, the demonstration of
antigenic differences in vivo has provided clear evidence of the
need to combine antigenic elements from both bacteria in the pi odtsc-
tion of vibrio vaccines for use in those locations where both oi gan-
isms are endemic.

Yiotectdar-Cse»ehc Characledzati»n

TABLE 3. Summary of polynucleotide sequence relationships among
selected marine vibrios. Data from Schiewe et al. �977!
and Schiewe and Crosa �981!

Percent Homology
V. ordalii V. anguillarum

Species
corda I »

V. aqui 1 1 arum
V. paraha~emo~ticus
V. ~~a inolyticus

53- 67
70-100

<4
<5

83-100
58- 69

<4
<4

AdditiOnal molecular characterizatiOn of V. ordalii  Schiewe and
Crosa, 1981! has revealed the universal presence of an extrachromo-
somal element, or plasmid, with a molecular mass of about 201�06
daltons  Figure I!. The uniform molecular nature of these plasmids
has been demonstrated by DNA-DNA hybridization and the mole-percent
guanine plus cytosine rati o of a representative plasmid, pMJIOI from
V. ordalii strain DF3k, has been estimated at 44  Schiewe and Crosa,
198+1 ~ Although technical difficulties have prevented the
determination of a precise plasmi d copy number, the broad and dense
nature of the ethi di um bromi de-stained bands in Figure I suggest
these Plasmi us represent a major cgsntri bution to the whole-c+11 0NA
pool.

The division of V. ordalii and V. an ui 1 laruai into separate bacterial
species was based on genotypic as we as phenotypic differences
 Schiewe et al., 1981!. Deoxyribonucleic acid  DNA! hybridization
analyses  Schi ewe et al ., 1977; Schi ewe and Cros a, 1981! confirmed
that V. ordalii strains formed a highly related group that showed
greater tWannns.' within-group homo'logy and less than 6gtg relatedness
to V. an ui llarum  Table 3!. In contrast, strains classified as
V. angui larum were shown to form a somewhat more heterogeneouS
gnoiip  ills or greater within-group hornuiogyi which was, nonetheiess,
clearly distinct, from V. ordalii  less than 675 related!.



A 8 C 0 E F 6

F lr'URF. l. Agarose gel electropherogram Of crude lysat.e DNA prepared
fr om representati ve strai ns of V. orda li i. A. Molecular
mass standardS of 60, 38, and 5.5 Mdal; B. strain 24 1-5;
C. strain C74-40; 0. strain DF1k; E. strain 45-S; F.
strain 95-S, G. YAV5053. C in margin indicated the
position of chromosomal DNA. From Schiewe and Crosa
�981!.

The carriage of a single homologous plasmid by each of the Y, or dali i
strains examined is in contrast to the situation observed in Y.
ar~~ui11arum. Crosa et al. �977! have shown Y. an ui1 larum strains
%rom diverse geograph'ic and host origins to strow su stantial
heterogeneity with respect. to plasmid carriage. Several strains
were found to be devoid of extrachromosomal DNA while others were
s hown to harbor one or more plasmi ds characterized by differing
molecular mass. Qne of the most interesting of the V. a~n ui liar um
plasmids is a 47 x 106 dalton species, designated pJMl, which has
been shown to play a role in vi rulence  Crosa et al., 1980!. l'enes
residing on pMJ1 encode proteins that are part. of a high affinity
i ron-sequesteri ng system t hat allows this pathogenic bacterium to
compete with the host under iron-limited conditi ons  Crosa, 1980!.
As such, the iron-sequestering system is an important determinant
of vi rul ence.

The possibility that pMJ101 also encodes proteins involved in the
sequestration of iron and thus plays a role in the virulence of
V. ordalii has not been thoroughly assessed. However, the apparent
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lack of heir»o logy between pMJIUI and pJMI  Schiewe and Crosa, 1981!
suggests this is not the case. In any event, the role of pMJ101
in the biology of V. ordaiii is an important question yet to be
answered Clearly the isolation of plasmidleSs isogenic. derivati vos
of V. ordalii would increase tiie profiabi iity of resolving this
question.

lie!lint»nE5ls oi iniccI!o!i

The pathOgeneSiS Oi diSCaSe prOOUCed by V. Ordalii in Salmdnid fiSh
poorly understood. Only recently have kinet!c aspects of disease

progression been oescribed. Moreover, of the growing li st of
bacterial properties known to funct!on as determinants of virulence,
few have been studied in V. ordaiii.

Ransom  Ig/II!, using standard hist opathoiogicai techniques,
followed the progressi on of natura ! Iy-acqui red and experimental ly-
induced vibri osis caused by both V. ordalii and V. anciuillarum in
Pacific salmon  Oncarhynchus spp.p. The results of his studies
showed a marked tendency of V. ordalii to form microcoionies in
vivo and preferentiaily colonize skeleta! muscle, cardiac. muscle,
gill tissue, and both the anterior and posterior gastrointestina
 GI! tract. In contrast, V. anguillarum was not observed in colonies
but rather was found dispersed in the tissues with the highest. con-
cent. rations in the blood, loose ofinective tissue, kidney, spleen.,
gills, and posteria'I intestine! Icaci� The observation of both Y.
o rdaiii and V. anguillarum in tissue sections of the posterior GI
tract. and rectuni early in the course of infections led Pansom to
conclude that the infection process probably begi ns with coloniza-
tion of these sites. !n addition, V. ordalii was also observed in
tissue sec ti ons of ski n col 1 ected du ri ng the initial stages of
i nfecti on, thus suggesti ng that this bacterium may also enter the
host by direct invasion of the irifequment.

The fate and organ distribution of V. ordalii and Y. annul 1 laruri in
Juvenile coho salmon has also been followed using bacteriological
culture techniques  Sciiiewe, Ig80!. As shown in Figure 2A, saic!on
parenteral iy exposed to 7.7 x !0~ colony forming units  CFU! of
V. ordalii rapidly developed a systemic infection with bacteria
read! Iy demonstrable in the liver, kidney, spleen and blood.
13acteri al concentrations remained elevated in the kidney, spleen and
blood through the first 22 hr post challenge while the concentration
in the liver dec.lined to less than 10 CFU/g. At 22 hr a gradua1
i ncrease in the number of bacteri a was evi dent i n each ti ssue
examined and by 162 hr all fish were dead. The demonstration of
high bacterial coricentrations in blood, spleen and kidney of V,
ordalii-infected fish is somewhat in conflict with the results or
Iiansoa!   Ig/8!. However, this disparity probably r esu! ted fron! the
different !nethods of bacter i a I challenge useci in these studies
 subcutaneous injection vs. waterbo!ne or naturally acquired
infection!.

Pareriteral challenge of juvenile coilo with approx!mately 1000-fo!d
fewer viable v. anqu!IIarum �.2 x 10 CFU! also resulted in a
systen!ic infection. However, bacteciai proliferation occurred more
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FIGURE 2, Comparison of the fate and organidistribution of V.
ordalii  panel 2A! and V. anrLui11arum  panel 2B! in 'juv '-
ni le coho sal~on at 15'C. Infection was initiated at
time 0 With the subcutaneoua injeCtiOn Of 7.7 x 10 CFU
of V. ordalii or 3 2 x 103 CFU of V. an~uillarum. One
fish was sacrificed 5 min prior fo bacterial challenge
and one each at 5 min, BO min, 1 hr, 2 hr, 4 hr, 1O hr,
22 hr, and subsequent 24 hr intervals post challenge.
Numbers of viable bacteria per m1 of blood and per g of.
kidney, liver, and spleen were determined by spread-plate
techniques.

rapidly than waS the case with V. ordalii; a11 fish were dead within
94 hr  Figure ZB!. In addition, aii eclipse-1ike period was observed
between 2 and 22 hr post-challenge in which V. anguillarum could
not be cultured from liver, spleen or blood,

A particularly noteworthy observation made during the course of
several investigations on the progression of vibriosis caused by
either V. ordalii or V. anguillarutt has been that of the develop-
ment. of a marked leukopenia in mori bund fish  Barbell et al., 1979;
Ransom, 1979! . For example, leukocyte counts as 1 ow as 10" of
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normal have been recorded in chinook salmon �. tshawytscha!
experimentally infected with y. nrdalii TRansam,~19 . T is
observation suggests the elaboration of a powerful leukocytolytic
factor by these pathogenic vi bri os but to date the producti on of
such a factor has not been confirmed. A similar leukopenic response
has been documented in fish infected with Aeromonas salmonicida
 Kl ontz et al., 1966! and a 1eukocytolytic&actorrias been
characterized  Fu! ler et al., 1977!.

A variety of bacterial properties have been shown to contribute to
the virulence of some of the more thoroughly characterized micro-
organisms of medical importance. Researchers have only recently
begun to evaluate bacterial fish pathogens for some of these same
properties. For example, the ability of V. ordalii to resist the
bacteriocidal properties of normal  nonimmunge fish serum has
recently been examined by Trust et al.   1981!. Representative
strains of V. ordal i i isolated from moribund fish during several
outbreaks of vi bri osis were first shown to be serum resistant based
on their ability to survive and grow in vitro in normal rai nbow
trout.   Sal mo flai rdneri ! sera. Spontaneously ari si ng serum-sensitive
mutants of many of these strains were subsequently isolated and,
when tested in vi vo for pathOgeni city, were found to be of markedly
lower vi rulence. Thus clearly suggesting an important role for
serum resistance in the virulence of V. ordalii.

The ability of V. ordalii to agglutinate erythrocytes from a va ri ety
of animal species has also been recently examined  Trust et al.,
1981!. Ilemagglutination is generally recognized as an in vitro
assay that. can be used to assess the ability of bacteria to attach
to eucaryotic cells, presumably an important first step in patho-
genesis of any infection. The results indicated that a correlation
between the vi rulence of V. ordalii and the ability to agglutinate
fi sh erythrocyteS could not Ee readily made. Although each strain
of V. Ordalii tested agglutinated at least one of the eucaryotic
ceITs tested, only one out of the 6 virulent strains agglutinated
rainbow trout erythrocytes under the in vitro conditions employed.

Foflclu�0ii

In summary, V. ordalii is a major cause of vibriosis among cultured
salmonids in the Pacific Northwest and Japan. Although many aspeols
of the biology of V. ordalii remain to be examined, particularly
those rela.ting to the pathogenesis of disease, progress is being
made, It is anticipated that new knowledge can be readily applied
in the development of more effective means of treating and prevent-
ing this important marine fish disease.
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and !»de-son, 97'!. Ucey and =oyer, 9!P! hva!!roam»>+i �.. i;r!-er':, i«!!
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s>!r!f ..' ':,! ! eo >.e" . /1! ! hr!.>;'.h A,;-'.4>,.,;o>,'.;.a-;,,r! car 1 »vade f j el . ~ 'r !
u! 4!co.!.; «!+n! !"! vazdki and hun»ta 19".'; >.. I prie!'o, I 9BZs!,
o !",' o ~ a' te,. Ia Is '!Q f !.*d > y! a ' !r.- bvpd, .es ..>a"iy de,e. e I z�c

r>'! I sr I c f '!'I e !"os I', The st !n I!!: cl! za !.".n of ima I ! vo I arne
!»e!! tc inj<>ct f i sh i s a I s" carr p I:c!>tea because A, aa7m>!>r....r'..~'rr
cc I I- =utoa !. : 'ut' '-:=,:,, Fi:!a! I;, "'I'»e ~' rr>'!: �, ":'!c>cnic. Ity of e; o
rn.' ,I » >mba! s o v 1! -.: Ir'. + A..:;: '<;'!>!:-;-':*.:>;4, ! har in jected

t"e nc!st'- imr'>un::. -es;>o~!se, Ir! fact, 'I!cue' ! I'3!9!
.!,! I a+ed c' 92nb! !< I r!! I '! !. cv.'v> !ea ! ! ~ Per jns that "vokod

!':!'! o; . ' an+ I b - .;. ! I!.' 'eve!, d =.".. o I '!'!-.'. the
of 'he'.: an 'bod ice tho f i so u!er e wo I 'I!: otecte!!

! !c:-ct!:! > ! s !:  ! j ' �, I en I'

6: '.': '; =' 1'i .;!« I F Is; ~ !Ie!! I th ocsea> r:I'! I.ab>! a I".!r y ! <ean! eys! I jje,
', 3., a or:tact-r;� ;xpos.;: . chd I I::. r .;!., I:! u!r! i cn '".'~'r I brook tr out
ma , ''.!-:...J ! n I Z."! 6 r I,>!u! n>J .!o!" ':,; u!afar> and ther, exec«:.cl;a-

u .-hje !'>dc I !" id I, � I tu! e cor: ':; i in!u ! l! - I:9 ~ i »uje'I' cc: I I�
!I, !;.;,"u-:::>.-,a;:.,7:» !;«> . i I i i I i jr:-, is zc«! ! ": .!c::. "I
'Ic o9h t I i � i: nc! a stan dan! I i z!;:!.' !r ha ! e"!"!e wc ove I ad Cor i � - r r!,

rar qe of 10! cells f:>r juvenj ie C'!'I'I br oor; 'ra« �, .'s'-:;. ur. is "a!r.-
! i! > Ia» ~ "-z!'.n of +c:!:t, ! o have !ot .oted «»y var i«l jc>r!s i > s s-
eep ' i' I I i ty of f i- o the c!a!! . nr!:, .; '! «xp �;.;- an 80'K >ver'<!-
mar ta t, !: u": - 4 Jys a  te! ' ~»«sune r ; t!!a,>a hoa«n ."',! pr i; ', !
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tr".'«: ed o
r t macr!a!.,!!u  > i ~ C! d»d th!n xpoaod ~on ?C to 60 mir
-C J Zr Car": r 4; j!X!!.. r!! ba! ! i ! l I," ' Ce I I S !, are d I SO ef f«C I VC

 "c. ar I I y c,' aj,, ir. press! . '. hc, ce.!::! cpm«a. of such cha! I-: ".;:-



n:. f u:i I tat d ~uc !ui I itv te: .u.'y !'r'.:- ~ .une
.1.::u::r~; c:,c:F,',:. ni d i;:= ' r ':- ' i 'nu;,,

a I. I ' 3b5! real:; v,,:wec c';e'.: ehc, =.e !nice " e .',c.�

virulent etroir

i

tn tf-' ruu Pc r' "Ier;bn.=,ne:>f v irulcn-

.n=.t. el-e the i:n::un,.;;�nu;. c r cciu" ...f
  in I!n e:-:,.c e,.ence e nabs:.t un"-'i -';"'u-:. « I!' ,n.'t c vr ~u!;>el

I nv..r i+1 -:: r' . iri,~f A.;:r<,'b':n~:.::ni.. ':,'. I h-: ent i.=.;er un' wc her.
,~ I+!',.',v i: u I,n' b .-I <yen l � I l:::;e:,~did uri I'I I:truly tl: ar1t i an:

rernc i':'-", Ine ce uiti i>

I c.l I c d ted 1 I'et ! I'n ~..- n', cn,',; I"''.~ ':.' : '' w J I".:"'. :I c'";:.'-'n I c .
lie:' i 'HI octant I y, n:wc,ve', t* c c c ' e: «".: ':".ni'' ', '-! I ':;. ':~ c,wed

;! I u l >.:i n;::::;r c! e I:~t ' i .'w-: r i:.re - i n ~e.:-.! in -..!'.,~ n 'rI! I bc r'.; n'e

ni:u r '."v,".'s n u» i c end ev'c n dr..:::.hv luetic immunity in f '.=h

t -z inbew Ir-,u, n!,ein:=,t cub!n!".', n;.'.;e: �: ..-.f v:eb:'.e vir ul er! rf n-
wenr,'.' ,n 'ec: cc ~c ' wet thc t ouf

i",llnune I  >;. i. i I I y I .; ':.. ' ", «cwn,; " i n"." ex! n~;".:! I u I 1r
b icte;a I n . I ien:-.. t',f ter wr,',:."::;.. I; r 'n iec" 'nrcc r; iven el: R

the ant i =~r n,"re,".:tr'cd ";:.-,=;, In;; e I I'ne; �; � v ' - cr,t
evi caleni, ir iin In~d 'i ri ldr hu"'c":;, I;.n', il .:d., "! "cr, ef y". I, iri

c: �. t-: n::;:, I ~ fir n,: nd;, let!,-1 '.ev, !lie r ..-u I I', i c'.I i dated
both n' .,ne'"- ver:. e: ue: ~y '.' ~ . ';*:::vn, Ii., «'Ie" I", ical ly dif'.~re"'

trout in jcc.tcd witl- ! oc ]r ti-vicul'..':I -'.e-;~, .:g
i~~n lr ice I wi Ih, I c en I-;;v'l., le:! .nru~,, e d: 'i~ e' en~

real I'' I Sh.

cell.; s .=..' nd fr"ee ef i"e:-.'*!duel Y.l:::e..'r' ~ r."" "'::,e .n , '-nw:-.
I

>:. nec I lu inn r':.~f'n i'll we~ ere:..:. I ';.'.; n cne .ir'I,'n:: nn -'r cl ei n';
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cu fun<' -".ed I a w i fh   <F4 !"..�,; '.'. i j<r''an!: ' 9F?,'.!, and .<;,q r
fc.i - E:.'.u was ".:oct<-�I p<.r f i sh. In !hei <' 4!"u; 'ce, onjy those

rite ' 4; «4 exscnin;::nta I c',« I je;",:;<«-. ",.::-I a ' i;y <v <, 97. 5~;«<',."<9 tn-o a< 
f r'o t h «t wer e i.< 'e�f<d wi I'< u i t.;�- '::;: �:;,hed cn unwashed cej I =:-,

hn;«<; ! n x«.! ':': ;',:.:; .<«d w I t h oxtnncejjul<:«r anl'i -;: ';.:.
; 00'i, 4:;cog con t noj - < oo ',: r ou!'.

T-<!:I-. I "nl" I" i i I'7:.'-., <;i 0 yen' Ic oroc.' t< � uf i *, i "«;!
w i th ex, n;,';.c! I ~jar r « I c, i a ' !,'-;P! f-a<~ 4  c..rein:;4

n';;<" thaf was ei.tn<'r' ads<«n«;«;I o< no! ads  n,',"e.< cu;.,c: 0F;F

Ei.F ".< n«-n I'<,«f < - ~
I'ug/f I h!

I!nadSO! bed t.0 . 4dSC tbe;I Fr E
sty " r"' i <<< «< . ",;; �;r'Ia!1 ty

!»/ 'in
l 9/45
4/4 I

10/. 0
I /'0
?/ 0

20/"0

1,4
c

140. U
. .'n I «>

C'< l .<�Lain<'e  <t. f.'= I !; F< '.0 ~

I ur I tie<' «xpe<" I'.".«:".' <!: w<«Pc. fhe<i i <!' d.:cfed to c . 'ra« ! h<i a < I 0<el" '':: Ii
.-.f EEF 'n brook Inc<« t vaccinaf oct I«y i jec ti-:, i orner s'.:on

fol ows:

...<.ea ,.'; ~ w j fh 14 i
 'f I<'C n'<'' l. nl--' 

ish we« I::"I ' f-" '- " I-<
y to ' < <«ys I « ~ II, I   «<;g<n  I I 0 I« I
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F3<, us<! =:.; enb j t! <r i <'n<: o' I'r I ' c j octo i < l wa- used; n I h" n< t-

<: <.n,oe: < .l ty  «f t 0 ',:;. <e  !<'!: .. f I-"I': ": �j f fe;<-, t 'o*', -,n+nu�
urF was 4'I:,.<st<«<I i«i ',5 .:;:x'tea Te, '..'., «n fo conf « i <' ' j 5':«r

I-"0.0, .41.CI, on 1.4 I.c«
f.--u+ won» ' n inc'! <.~d j; ' ' -',;. j I n»n « ' ' 'i <i' '< -'.n'..: of the

adsorbed on tc< .'E4F:"<.'.;:l 4 'ex I n~-. < t in, I a ':.- F «e <~< t i 0» .,,n oo' 
<ve,<'.=. 'I':;e., I «4 wl:5:.;< I I',c;< C'«<;.Sa'no 1<; ''Ffep O~,"!;:41

rl, x cenve', <is co . ' <<4 I .",. <<f '<lr ! c«ays, « I, ' j - I wer'e cha
EE s ex»os, � fc c,. t i < es o< A. 4:;�7'onc:;;.'-:.,jz .c:n. I -". i n I nn bu tw<!<«n

arid ?. ~ << I <" u, <'<'<'I t«aeter, a n»r I' ll . <'�<".un.." «n j. < . y of f<'e
Fj,F I r';.;.f!'<enfs iqn«s assessed '.,"' ", - I s<> < of fhe <<« !:- I I

t rcr't con < rot a<d < «cc i "a Dc ~:; «; j'l. el I i st I  ;««y . af;e - chai I en ie
I ! . <«-' s- da ta I",I I < n I s  l .!x< «,<,.I ..;: .".�-;. -f i~<«r I;::c ',

; i Sq in j<«Cf<c I W i t I tne SC«! ':;I <« . El' . fhe  d i f'er Onf Cenoer I <':.-
i< "». 0n the -..Il e' I ar 3,:<n. n:::a; cl, >f f i " wi th I i h!< conc<:«-

. ra-ion of the "-r I i <uj «+<ad E "F n-un e!;;' «;::  ': ice<.

+hie th' s: n -.::�:  .f f i s" an I



rticdiatmrJ»r'Ip niar qram cj fc>ocI

3. = i sn ~or « .'Imn '...i---,ra . 'fcr .". ". ,'.': 'i 2 I., >3f  I!r inrun»a la! c>i>n! -, Ir .'i>::.
I AQ;,,>;.rc ra r ni cf tho I;a -t co I.;!tet,"I I:;;to

r'f �, r ' Q:ays,::r>ch r'. h w>3" > I>»3 .,".Ir>a ti.>», * .'-": t ' and
fcc:>n. iacCv ac t ivjty aqa inst f >Cia� ' in!ra~ ca I I o 3,' A. ar!7mr»,<!err.

ca I,c > ',3, r"r! fr;; !>a«I>
t ion, cra, an!! immar:.: ,r>.> r>a I: vc>: I a.i.: r 3 !> � 3;,-;-i ' - - > I a.j,ir: Qj'.
m«ai> t i tv" Wr>S i'3 I Sr r::a I o: I at« ">
I>-?a'> n  3> i ~ i '.m tg,+ w i 3 r, nr. i$c c>ii rima '..:y

a:e r=- -,� I,, I oi> i n I ' »- !ra,l ha; ', I' c>vo';;:.

jq, 4!, Thy qrry«l'i io iitai> ar?,»n ar>, i 1» in.'-, ",'t~- Won
r!h "r >> i?a '"I' ->fr~! I v i'* ic" t>i', n;

f j,;>. im~ >i sr>:I j "> 'I'1ci
;Ci I rj >3 >I nn >'r j r i > I >' Con

f i  I'i ' '>' rj J ac r or'> i 'i ' r ' I''pj" j" jai 'i j a I I>" r' '?r r>iic>?1 3 c'> I 3<j «iI cl>
nc'a -'a' I ' s, ".-. 'fi "a, ' t »as .; ., I i ci? .' '4;:c"::;c>' rr.+:.;: Cn an

Injection

f2458! Jmm:neieri
t 4

ISJ zi

%9 Sham-injected
f14!

'»'1 > ct ! QQ ar cc " ' s " a ! '"'' > a>
jac! Ir-n, jmpti >r'  1 >i! i>r ?nit>l i,;ri I I'~:,"' oc ga-t,:.,�! a rc;? IQP from
.~='>'."-'".'?3~!ca:;r!..",nt r�".r!?r. Qcn fry ! ''>'"?>i>': I r "irr! ~ i .'. «I>:ri!- i> j--~c I iac
wit!. on i v the QEAI:..;rl:;>I a:IH'c that was i sa»e tc;" j tI'r: 'late II r?
grit i<g«,r.
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Llril i ke trii» ce �.isaac i»i ed iiir<ii,i;:.>c o»i reported by l4cCarthy
  I ~;, e ', r>ur studies ind i ca,'cd that p!o eel i ve jmm<! »,i I y c:ul::
irict><.:ed uy an antigen conte inc<i ir. Ihe spe!! I aultu;!. i<»die. Al-
tho.iqh ll Carthy et «I,   in pre's! r.epoi ted tha-: f.'sh voce! nate I
w itl:: 8»: < cu I jar» m-: I I<> f! o,-i A.;:c<!»<»if<<. <..'<! d i .I i!ot r i.si st
! <>n.ie, tnc« ' wc.rker = did nol <c<:r>c<:of< cite Ih» <ax! i <i-el lular imiat!-
i i aj. "nc cr~n;.e<>'I'I at ion st<!I;s invc> tved in m < p»cpa< a I I <a!>:>f the
i!xt! acej li> ja>» i~r! i<8<a<< may accc>:.;nt for tl'io ob:,e'v;.d d if fei ence >
the im"» i<oq ca ic i ty of the ex,"! <>c;;! I i> I.;i- »ii'<+i !ian< .';=:. !ween -:he two

Aduitic, a I I y, A�-.l in an« -";<ale ers I'!81! jndj. a,ed +ha
<:el lu I ar a!It igens cc<nc::ntr< ted f! om spent c'!.I:.:-',:!'ed

witn po I;c thy! en;, lyi.<>! GOO! was »!it iqen
cessfu I I y irii!nun i zed browri I r >u+  ,:!!m.-:,."t<r>;:z! aqa i as
ch.>j I enq>es. ':owe@en, f i ejd r esu I i, wi th an or <> !y
"ire w re nag<.-.t ive. Al I vaccii;:>ti;i trout died wi t'hin
'nc cr «I or m<o 1<>' '- > from so +ice!".ias iri.!<.c."d hy
!r'c ex i ei'' ! v<. ti ssuo ciamaqe,f I lie i>ai'ice»as> ' i vel, a
8< eau>..e noi.e of t he con+r<> I f: sh that wer e i ot vacc in
>u, nor s specu lated that the i i-4!!» 8<!ma!e <>bee! ved hi
in i<ace inatc.d fisli resulted aithc>r direc tly friam <i re
t<ixjcity of ECP or indirectly fro i ihe i, ":. n<:.':i>;»ress
ECP;>n sp! eni<, anr !body-pr od!=ci <xi cc.l I s I ha+ ri'su I ted
on: et o. sept iccmias < aused Ly A. !<i!<z>'<':;f!il ..

thi. c,x t rzi-
o A.

ic and su<r-
e>xac> r'! me< 'a

ivercd
4 <i aye

!'>~>J<! >'oi!<i  i .<
nd spleer .
.ited diue,
--,- ;o I c!q 1 c<'. I jv
version o
ive effec

ir 0he
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ECP js hc>nolyl jc:, leui<;«< is yt ic, acid !x +eolvf i<  :I I is
1980!, ex:"e;ir;c:et s were; o»:t.,ci.�;8 to ider:'. i fy th<> immune<;;.a!i<a

co»pr>'>!>r>ts of »CP  Ci ! i»no, in u oss!, Ihc: cxtracel luja!
f! «m 4 <vs!-a I el! <iins of A, "- »:'.<".".xia.'.~...;"<:-< !<e!"ci pi '.: i pi ta I:. 8 'r a-
c uj tu;<: iced i a and rhi.:.. mate, ii aj;; >s r e.c I;«; c t.y c.hr !!meteor apkv
OEAF iep>.;a;,'.ex A-?= i i,o four c ns- I m>o;i+ 1!'aic' i i' s, rracti;>r.
;.:I',>tea . i om the 8ephadox colum:is with O.O! mo I !,?!!V.�  pN 8,3!
and s- own t:i c >li'Ia! I: <aii<t;>fox.'. !.<i''.f jal '-.Ic'ii,txid in+a 'he c-.i> r.ir
c>edi 4 I> r eel iu la! a! !el ye i s '.'Cip! I:>no, iri rev iew! . Fr act ion
el I''wIi'!O.>mo /I,N»CI f<<>i'i f h!OFAE,cori'a inedoth:;r<:Ii.i!-
yl ic a >ct !<a<>kocyti! I >'I i<.: ai- i iv ity  Ci pr i ano c ', a I ., 1381! anct in-

<.'uced I<>sion die.olo:. »nt ar<: 'orl:> I i!y iri f i h. The third fr;cl ie:<
w >'- .i utod, ~ m the I!!AE with O i m<> I < I Nar, l,ine w<is h. mo ' "t i f
sh»»a e;y hr<>cy I as  F i <!. 5! . t><- !>I own > i omen I ation:!, thi s

a! si> j id t afed th t the fi act iu-; co-.!,>I <»i« the melano-c i:;»i>n
of .er! Iii odul ed by strains of A.;:;;-...»oa;.»»! cia. T lie fol>»l I'i ll ai> ice
wai; el!i+a<! f rcm 'Lii! cc.! i.;riri, xi  ti I.:. me I/I NaC:>rid it wa,
o se cytol yt'ic lo! ciil tered =T."!-2 c~ I mono a!0: s. H >wev<:I w»h<iu

f" a< tion wa Inject d in' ram<iso<; Iiu Iy >r i ntrapcri ton»a I ly'
in" o c>cook tr<::il, !'aI!!I<i!w rrout, or Atl<>ntjc 4;! bran, ri > <jros-
tl»>loqy wag obse! vei<. Each f acz; I "n was he;i in iecied i»tr api:r�-
iI� !>»<i I I v i n to r!a<;peat j ve c.",r 4>!>o< !. f !>r<~!>k ! -:>i< I   ' !>q protr i ri
f i eh!, the f i eh i>er!; main'I >i!i. d< 'n I; . 5' ' .pr inc! water f<>r 21 <I.-y
zl at jenqed> ar:d the eff icacy:f >acli, ac< iu:it ion was assessed.
Alether these f» et iona >»i: cjer ivcd f" om »i t'.er" a vi! i> ent  !.; �.;.:

X 10 'el I = per f ish! '>I" "'i ivir ulcni  LL'-O n, Ic!7 c el I <syf I'.' !
o l !l. a<-,.<'..-.,:;a!'<>f,,>n ci! <i ii<-.l af f - t -h«e=su! ts, <'nl v

':!: ui's < �:' r!i oi>p ! co i~ im»un i,"!.8 xi th the ay to!-; 1 ic fr acti on 4 wercac us i", I e >t jy ux'I:! =.;;i < icar>l! v  ' »O,OO I! resist'>!i l Ir expc i.i:-.oi -',c I
ct>a I jc r Ies  Tac I e ? ! .



Fi <0ure 'a. !erne i y f I<.. 4 f»<,! s of I-!ie r >.,ude oy I r «< i>!

and 4!. Control wells con ai!'ed a 0,8g

ex "I 4<: un I I< c<! l ate<i !"is>d '; a   4!', an<.'i 'I'l,e 0, i0 I
d.0! a@a! "s > whi<.h ! I! te t <:o<f>! >'.ants

r act a>id f rac> ,! >an $ wer>a hen!0 I y!
of s >inc!> e; y'!!'lr'»c y': e» st!spende>i I n a

!alar material �!
,'rac3 iona  I,
r;t ior:  NH4!X,'-:.",4
ll K2f',P04 �,: '"«r.
.I i a I y:::"' .
for a

~ >-

Tab e,'?. Percen morta! i+y arne!.-g',.>veni 'e b"c'. trout vaccinate!
w i I I 'ract ici;s de"! v: �:>I fr oir '.:..::. ! x "ra'.: I la:;a! ma! er i a I -'rom
:u-'!'o>ma>'Q. i> ..'. pn>>''4:.'.<!..7 f 4> , 'I <>w I pg exrie' i m»-'' > I < ha I I,j!> 'e

Fraction
4 i- >- + --,- I'.<>ur'ce

y i r!, I <:i! :s f r a i I 00
«virulent train 71

90 9' I7
7l .0

>Vhen I < a< i i <ini 1 w>! s eri'i I s! f! ed ! ri i p <up!d '-, i '<'<!<> i I ate «d jr van+
ri>f e<' ' ii.'ri conif er'red +o brook fr oi.r was was I I'-<;"."i:i; =.i: �.,pi ' i cart

 P<0,00 ! b~t qo- c i f f<>ran~ fr opi tha I oh>se! ved a>":o"-.:;: 4 I >;"i I'->"!!ni;: a<i

Iwo > I.'.:';-:.',:; <-:. >!vir.';I-:-:;I,;r:d an
ical trair, isola+ed from di;:ea.':ec : ''''"': ' .:a raa<nve
Tl c aint i;,.:o; was Immune!>e>- is a-id i ~ each case crcfected brook rcu",
4:u< i!i.> I ex; er'I<"e< ta I < hal Ion<ice. rr a<: I i<;r> 4 w.is spcwn tc cons i s"
of a ..';:;'::- protein subunit  M:s'   ',:;!'JC;> ap:, h.<c =- I;,7 r>a fin of

car,"".h;>oretc. Anti sar�m «rcpared ac i<'s' f.rac-ion
.x':rucI>-<l '.;;;, a virulent i,-l...i:: fo '<e>l .-i ..;i-:�-- I. bar<i a.ia!,.t i+s

hOma Io.-.,o 's 4-t I-.,'cn '>n«>'<!<!r»el:.i f fu» ': p>! at >s, but did rot i e ic '
,> i, h p ri f ied prenar ations cf 6-I a>yo- prc �:"-in oi. epi lctcxi r., heso

J '';,'>. Ica:>au ';;'I vi<<il I > > pc>n>iutca<I< lu> I<!.. I:'',:j >!v! >"'Ie<'r a>i<i
, I y;;; c: I >< t ra ! ns of g!. «af .ax ..!,:;:,:.'. ' ' arc a .:i "::" ex <; >;ce I I u I pr
»1!>> I i " o p



!ico>i,i>c>::::ir u lent sj'I'aine of A. ece,;;>;:ei,: o ~vere eho~,r to
extneoejluje - ii:.r'::unouen  l'raolion 4!, studiee we"e oo d;o:a:l

tc de:o;-.::i-,e if fish could be euceeeefujiy vaccinated by ini-:>.,-;-;::;.'.
i n ii" a i et 1l::.itr 0 vRec i lie   .. i iii' juno -�.-i'id 5 > e i-l i pei, i n pi e ..� j, I
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ver;i I o bnooi; ti oui, I',o>eeeo, fo!  ov. jn;..; repe...ed
.. n l ac a! e oi eii'.- t! >e > =.i> i::.i  '::,: I >::et' e i r'i> ! '; ., d i d r'ot ! i'> c

boo'h, ano 6; 'eo i' c».:" ri f.,ri ii'qi ep'ie i::.> ice ted "I ha'I' .>o
<.-lay<"r jane:'.cia we>e eI ceent  'r,g,
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Tl- .. -tnajn disc had .-ed. oe; leuv.'o';i.'lyt c ; d ,;I o oolvtic ,.o-I:
jt>. ac i>dlo»t>d yzj.i;ji- ji vj ', o '>»'::,':.: �,, ~ tj j at

- r;,  ", ',>,c . ',,;,: j c>'.,--. '>,e:-e:> j"!'e">n le» i ivh! oh br ooi; too> t and
o' ~or.. hn":once] f.,n b0 e in i-'hole o.il tu "es oo.!ti>'

ne>!ie, �. I l /.:>: jeh,,are %.>"; qo !P ddyq:!+
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tr Cut <"i-i:.!':;i-».::I, I ' ". I -n:::u; I.;":::.', ",;;.. I'IOi-

' cc:.!-.,c. I<> i.on!-;"c I I coat::.~:n: <n:-ui.- oc, i <ni iurioe; I ec'I'r o,::I Lc
th-- .'.;,, tc.e ' ', «ot ioi, «r action I;. .' !r -. ln"., >'!! I I i ty.

T< d<; I <! rnvi i i: �.' whi chi .if . hc«co cc. j sit jc= ccrcnt i tu t<'il i*'irviuni I,'

t'", LI ~ ow CoL >uy n<' ! n <! " .i '.,'.. I i iic < u 2 v<ii w ' «tc3I3 I ! «hod.
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;. i t'i Ci.; -:, «erne<» I .>3.:::n.o".": '.",:,;- i 1 C.<"! i-'. I Wi >i th 1
�. act ioc «>r<t.nir.inc r r'<.: I i in <;i i . i te, 'i'. 5,' orner;q t

i i h<.1 "I Cn . !Oli ' ';..' '!:".! 1! 1".. "'.;::;; 'i< I; r ! '' .:. '>I
r".- i«' " .. I e '' '' -."::." Ii gg - ~ i.gv

r a ' i Fa I j<i". Ac. I v i I'i'=-«wiii <> I n:,oi- 'n. +;- . a-'n of h~
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of -njs material wa:7:!! dt.»!»stra'n.-' t
tyher; we injected f ish wi,h fr:etio i I-e-co � cuir, ''t w i.,
f iecl i» ad!!<var"I, "he «rt:pat <! I io;: �.-:-:: Ii"-i;»..:;e" ic an;I ccnfei-re<

a'� i !1St OXa! I i<re r t i I C,":..i I I:!'u!eS, nct!C '-<en< .-;i= pi O' is J;
re:c -ted  Ci pl iano, jn pl c j, I' .:.':. icn "', f neet icn I

a' J Jvan <, C I:- arne, o .-,roc j< r;�. I n lac+ed;: +' fr,,ct i<ir.~ i

.,atc, I<.I emiu I si f ie<- i ac! I»<<<tref I i!-e sti,.<di.= s "d ca I ei: ' 'tet I
c";!dc 'os m. i also im-,inoaen i c j g '.: I t <1'1 i de.

.jec<!use wc! had c."tttalul : '...I'<,:-:I I ha j t:r<!c:t!< c in ar;! !i ac I I or!
, c i r wer c imn»unone . i'; cornea» «nt. c.' 4,,".a!t.'.c!t.-"-!,'.:.'cx ~ stud i!".; w<!'

lfe an!0 p"'cic;, ic<t 1 I; us!' I n !;;, i'. I':'!I lc».:.Ii'.. ' i . !':" .',I I I a
wCIC <, i c,r'IC CO. �O cint,; i!f t JVj'.I ctl  ' S 'rij . !f
ise f 4 prepare tnc .'.. I I,.;.ua i:.,I voce ice wl!e, .",.�: �:.-: 4- I a'en

w,! .::,"!p-:irer::"' in t'!est. beefer i J. F 'fl!e, ci-i e, .!Clif c. ! f Jl.::. ned
Of tlii S Strain cr<! S Sl OWli < I' t,,i":" < 1» lneli" I '!' '' "'.'
f roan "i Olia 5 c! nd 4   I. i,. <' < ~ O ' poet!v hase 't!O' Ii 'ad th J n

. "CS» ' Onc!.!' ocag'.;.i Jl I '!Cif . »<I <lt I i I I ".' i bac:: i!!I I<'! a si< cti;!<eij a c:e I
.!I 1<e'opt=;- !aye-;!no:oi;�bac =i-! 4 wcu I, l,sec -, nrnjeh tile sp<ntt

e '..;. I cl cis a s<»7!"ce !!f el<<le! I o!-'. I i, I'"l l '!Inc!s of
:tl a 111 of .4. eQC '!; 47!.".»a<,i <crtcl t.' I' '.' I 1''-i",'!<7 w i ', '1 < 'i I <!c!! fr!l I'1

''"n!.' pme',:: I o;.: co I I s �C<nt- c,r".i" mc t,'I <a 4 ' !nn <and tih; I,

I ': ll I mn'rii ' e j I li vt!cc I <I!',s i'oc: tt < "'! ":': 61 i" i! I c r! 's i! r si! el'1'I r'led I .:
I lenin, t-OveV!'.r, a n! Chl'.:, i a!-: -; C.! !', '.-;;.�, I C;
 ?<O.OOI I was observed «I"oiicu Ii»ook f! o�r
mcrscd il c<i'I! l lit:d vtl':.! Iri..s ir; ':.".i oh 'I'I c'.;;-v i I-ul !.!it b<!t, jt I i <I wer.-.

7n! n, jn ihcjl, L,If L!I-! m«"I.I ~ hi-,. C  .t i ' jrc .
I niuiio<lens  c<! I i»I»I- et!<!Ctovin and fn:-cticn 4 .;Ivc.-:;!ncfhaj I;I:<ccrc
lt:t die<, t ' t v< Kr'.;".1'ot li" 'i' I o"! <!"'c".I'! I sli ' "1!! I" set! ' I I ac e .* os 0 I

evil J'Onf Sf, air,. imitcd ficlc 7! i»is il tt iCh brown ttcut wC<c
'tui i. ' '<!! <;:ll by a bO s j."'i nol c Ion i ri I hc' el < I: I".'f'.. I t '- i r tie "I I t o, cci

I'!.'ll t<',:'' ':� Ct I I al<d <Cu I J;'!a I I!t'' '%! V.'"O'' I 'i': ',"- 'e a I:;O .'.:<1,: C;, Sar'.I!
c I:i .":t !f ci OOO b<"Cwli I'I"- <4"'c -"1 11: a .' I I y 'c' 's c . I ~p '!<n ~ ' .. <',''c

am. r.q

'naS!! Ct to!'!!S t.r d t "C..:e Of lji <,art' c e I aj,   ir, ., 'i!Sei =»'C no
I! i!!I""s c-'1 tli ' '-Jcca<s -II I K» I!: Ioci vi".air a! ion of fish against
f u" u»C'� I OS I S .. hc aeuat"e i I d! ". Cer t»i..e<.
gest tl.a f !hero,tru sevet;<I I j!!! let I ' il;::uni!!e!.<: c �,� r <!in, of

I fc;i'enl meth d; nc !». r c-. ac n+;O, nf Of f j-
< . 'i c'J' vase I ries . Tl'<! t! i t-.<: I I vei't<-'..'-. < f -: <coi" I; I o v.!c' . < Iie I s

IC-c !'iue al IOenS.
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Structural Proteins of IHV Viru~

The structural polypept.ides of the Round But,te strain of IHNV were
separated by SDS-PAGE in a mini-slab gel system  Matsudaira and
Burgess, 1978! and stained wit.h silver nitrate in a procedure
modified from Allen, 198D. The relative mobility of the marker
proteins was inversely related to the logarithm of the respective
molecular weignts in this gel system. Five virion proteins were
identified with molecular weights of 150,000 for L  polymerase!,
67,000 for G  glycoprotein!, 40,500 tor N  nucleocapsid protein!,
22,500 for MI  matrix protein!, and 17,000 for M  matrix protein!
 Figure 1!. In some virus pr eparations even aft!r several
additional centrifugations, t,here appeared two G proteins at
67,000 and 65,000. In addition, the relative contribution of each
protein species to the total protein cont.ent, of the virus was
determined by scanning for opt,ical density �30 nm! absorption
peaks in the si lver and Coomassi e blue stai ned gels. The data
shown in Table 1 is different from that reported by Mcallister and
Wagner, 1975 and because of this, bot,h sets of data are included.
An approximation of the number of molecules of each protein per
virion was made as described by Obijeski et al., 1976. The
determination is based upon the assumpt.ions that: �! the
estimates of the molecular weights of the viral proteins are
correct; �! the virions cont.ain only one molecule of viral RNA;
an! �! the gram molecular weight. of the viral genome is 3. 57 x
10  Kurath and l.cong, persona.l communication!.

Fig. 1. Densitometer tracings of SDS-polyacrylamide ge ls of
purified IHN virus stained with Coomassie blue, broken line, or
silver nitrate, solid line.



In determining the virior, ratio of RNA to protein, a suspension of
purified virus labeled with { H! uridinebcontaining 0.48 mg of
protein per ml, and a total of 8.36 x 10 cpm was used. After
extraction, the purified RNA had a specific activity of 3.6 x 10
cpm per pg of RNA. It was calcu!ated from these figures that
there was . 48 mg of protein to 0. 023 mg of viral RNA in the
original vi rus suspension corresponding to a protei n-to-RNA weight
ratio of 21: 1. Similar ratios were obtained in three different
experiments.

Structural I'roteiib o!' 1!iffereru S reads o  IHM

When the virion of six other strains were compared in the same
manner, major differences in N and G were seen {Figure 2!.
Striking differences in the apparent molecular weight of the N
protein were immediately obvious, The Coleman Hatchery strain
from California exhibited a G protein which was considerably
larger than the G proteins of the other strains. Since all virus
strains were grown in CHSE-21 cells for these studi es, the
differences in G and N were not due ta differences in host, cell
glycosylatian or phasphorylation.

Strain differences in the structural prateins af IHNV were also
exami ned by specifically labelling the viral proteins in vivo with
asS-methionine. Approximately 24 hours after infection at a
multiplicity of infectian of 5 ta 10, the cells were exposed to
ssS-methionine for 1 hour, The cells were lysed with SDS and the
lysate was applied directly to a palyacrylamide gel. After
electrophoresis, the gel was stained and dried before exposure to
X-ray film for 24-48 h. A comparison of the silver stained ge!
and the autoradiogram developed for eleven different strains of
IHNV is shown in Figure 3, It is clear that major differences in
the apparent molecular weights of the N and G proteins are
detectable in the autoradiogram. In fact the same strain
differ ences that appeared in the silver stained gel for purified
IHNV also appeared in the au!~radiogram of the different infected
ce!1 lysates. Thus, direct S-methionine labeling and SDS-PAGE
of infected cells is a simple method for making comparisons of the
IHNV str ains,

hucrcei!o!xr I!!N l'in<xi!'rab n, Svni!iesis

It is clear from Figure 3 that the rate af' synthesis of cellular
proteins is reduced after IHNV infection. This observation
suggested that, it should be possible to determine the time of the
intr acellular appearance for each vir ion protein during the
infectious cycle. At one hour intgvals after infection, cultures
of CHSE-214 cells were exposed to S-methionine for 1 hour and
then analyzed by SDS-PAGE. The synthesis of N, MI and M2 is
apparently initiated at 6-7 hours after infection  Figure 4A!.
The G protein appears at approximately 9-10 hours after
infection, When earlier samples were taken and an excess of
radioactively labeled material was analyzed by SDS-PAGE, N protein
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Fig, 2, Electrophoretic profile of different str ains of IHN
virus, Purified IHN virus was disrupted and electrophoresed in
SOS-polyacrylamide gels, Lane I contains the molecular weight
marker proteins. The other lanes ar e identified as fol lows: Lane
2  Round Butte Hatchery!, I ane 3  Nan Scott Lake!, Lane 4  Elk
River!, Lane 5   oleman Hatchery!, Lane 6  Karluk River !, Lane 7
 Sutt le Lake!, Lane 8  Coleman Hatchery!, Lane 9  Round Butte
Hatchery!, Lane 10  Karluk River!, Lane 11  Round Butte Hatchery!,
and Lane 12  Cedar River!.

synthesis was observed as early as 2-3 hours in the infection
cycle  Figure 4B!. Since cellular protein synthesis is not
inhibited during early infect,ion, it is difficult to distinquish
viral proteins such as Y2 and L from host proteins in these ear1y
samples.

Two orms of the glycoprotein G is observed intracellular ly
 Figure 5A!. These two forms, G2 for the lower hand �5,000! and
GI tor the upper band �7,000!, appear to have a product-pr ecur. or
relationship. In an experiment de~~gned to determine the kinetics
of intracellular viral protein synthesis and accumulation, cells
infected with IHNV  MOI approximately 20! for 24 hours were
exposed tn S-methionine for 1, 5, 10, 30, and 60 min. At the35

indicated ti~es, the cells were lysed ar.d the lysate analyzed by
SDS-PAGE. After one minute, both GI and G2 appeared and after 5
and 10 minutes of label, G2 was the dominant glycoprotein heing
synthesized in the cell  Figure 5A!. However, at 30 minutes, the
amount of r adioactivity appeared equally distributed in both band»
as labeled Gq protein accumulated in the cell. By 60 minutes, the
GI band was the predominantly labeled qlycoprotein band.

When infected cells were exposed to 5-methionine for 5 min



Fig. 3, A coniparison of eleven different strains of IHN virus was
made by aut~padiographic analysis of the intracellular proteins
labeled by S-methionine. The lanes are marked KL  Karluk River,
Alaska!, TA  Tamgas Creek, Alaska!, CD  Cedar River, Washington!.,
LE  Lewis River, Washington!, RB  Round Butte, Oregon!, NS  Nan
Scott Lake, Oregon!, ER  Elk River, Oregon!, SL  Suttle Lake,
Oregon!, CO  Coleman Hatchery, California!, TR  Trinity River,
California!, and FE  Feather River, California!,

followed with excess unlabeled methionine for 20, 40, 60, and 120
min, similar results were observed  Figure 5B!. A 5 min exposur e
to the labeled precursor resulted in a predominant G2 band. After
a chase of 20 min with excess unlabeled methionine, The
predominantly labeled band was Gl. These results do suggest that
G2 is synthesized imedi ately and then is further glycosyl ated to
form GI. Similar results have been reported for vesicular
stomatitis virus  Knipe et al., 1977!.

In both 'labeling experiments, comparatively higher rates of
synthesis for the N and N2 proteins were observed. The rates of
synthesis for G and M> proteins were lower. A labeled band
corresponding to tII~ 6 protein did not appear until 20 min after a
5 min exposure to S-methionine  Figure 5B!. However, continuous
exposure to the labeled amino acid for more than 30 min did not
produce a labeled l band on the autoradiogram  Figure 5A!. In
both experiments, each gel lane received 50,000 cpm of labeled
material. This apparent paradox in the results may be explained
if L protein is synthesized at a very low rate and constitutes a
very small portion of the total virion prot~jn synthesized in the
cell. Thus, during conti nuou, exposure to S-methionine, L
protein synthesis occurs at such a low rate that its presence is
undetectable. The appearance of L in the pulse-chase experiment
indicates that L protein accumulates at a faster rate than the
other virion proteins.
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Fig. 4. Gel electropherogramof IHN virus p;oteins synthesize in
CHSE-214 cells a! different t imes after infection. Infected cells
wer e exposed to 5-methionine for one hour at the times indicated
after inf'ection. Each lane received 50,000 cpm. The film in Fiq.
4B was exposed for a lonqer time so that early virus protein
synthesis was detectable.

  vnclu iaido 

The virion proteins nf IHN virus have been identified and their
intracellular synthesis has been examined. There are five virion
proteins with molecular weights of 150,000 �!; 67,000 and 65,000
 GI and G2!; 40,500  N!; 22,500  M~!; and 17,500  Mp!. The
glycopr otei n n rure of the G proteins was verif'i ed hy specific
labeling with C-glucosami;ie  data not shown! and their location
of the surface of the vir ion was determi ned by tr eatment wi th
Triton X-100  data not shown!. The nucleocapsid protein, N, was
found to be associated with the viral nucleic acid and
specifically labeled with P-orthophosphate  data not shown!.
Thus, the work of McAllister and Wagner, 1975, has been confi~med,

An estimate of the number of molecuies per virion for each protein
was made for IIINV. The ratio of virus protein to RNA was
determined to be 21:1, a very low figure in comparison to VSV and
rabies. These viruses have ratios of 92:1 and 72:1 respectively
 Bishop and Roy, 1972; Coslett et al., 1980!. The low protein to
RNA ratio for IHN virus is unusual and may reflect differences in
the membrane structure of fish and mammalian cells  Moore et al.,
19?6!. It is similar to that obtained for the bunyavirus, La
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Fig. 5. Gel electropherogram of viral pr~!eins synthesized in
CHBE-214 cells after pulse-labeling with 5-methionine. In 5A,
the infected cells were labeled for 1, 5, 10, 30, or 60 minute~
before samples were taken for 505-PABE. In 58, the infected cell~
were labeled for 5 minutes and san~pled or the label was removei
and fresh media containing excess cold methionine was added for
20, 40, 60, or 120 minutes before samples were taken for SDS-PAGE,

Crosse virus, which has a ratio of 30;I when grown in BHK/21 cells
�bijeski et al., 1976!. This ratio is used for calculating the
total molecular weight of the virion protein.

The relative contribution of each protein to the total molecular
weight of the virion was estimated from densitometer tracings of
505-polyacrylamide gels of purified virus. For both silver and
Coomass ie blue stained gels, the relative proportion of each
virion was very different from that reported by McA11ister and
Wagner, 1975, for C-amino acid labeled virus  Table 1!. These
differences may be a result of differences in the virus strain.
More likely it reflects differences in the methods for determining
the proportion of each virion protein, For most proteins a nearly



linear relationship exists between the relative density of a band
and the micrograms of protein in the band  Switzer et al.,
1979!. However, variations in staining do exist between different
proteins  Oakley et al,, 1980!, Thus, densitometer tracings of
Coomassie blue stained gels were also included in the study.
Several investigators have used Coomassie blue stained gels to
estimate relative virion protein concentrations  Bishop and Roy,
1972, Coslett et al., 1980, and Obijeski et al., 1976!. We found
no significant differences in the staining patterns produced by
silver or Coomassie blue. Any error in these calculations would
be an overestimate of the number of G protein molecules since
these stains may bind more extensively to glycoproteins  McKnight,
1977!.

The dalton equivalents of protein in IHN virions were calculated
by reference to the amount of viral RNA per total viral protein.
The ratio obtained �1:1! is equivalent to 4.8% RNA per IHN
virion, whereas the YS virion has an estimated 0.7X to 1.09K RNA
and rabi es is composed of 1. 39% RNA. These differences are
reflected in the estimated number of virion proteins per IHN virus
particle, The numbers of L, G, N, Mi, and M2 molecules per vi= ion
for rabies is reported as 79  I.!, 1723  Gi and G2!, 1975  N!, 402
 MI!, and 1156  M2!  Coslett et al., 1980!. In contrast, IHN
virions contain approximately a third as many L, a tenth as many
G, and a half as many N molecules  Table 1!. The remarkable
difference is in the number of G molecules per viri on, We and
many others have found that it is difficult to produce antibody to
IHN virus in warm-blooded animals. The poor immunogenicity of G
or the poor neutr alizing activity oF the antisera may be a direct
result of the low number s of G molecules on the surface of the
vir i on.

The nucleocapsid protein, N, is phosphorylated and found in
association with the viral RNA and other N proteins inside the
virion. In addition, N protein interacts with L and possibly M,
proteins in the virion. These interactions should impose strict
demands on the N-protein and therefore, this sequence should be
conserved among virus strains, That is the case for rabies and
VSV. However, this report shows that the apparent size of the N
protein varies among the IHNV strains. We are determining whether
these variations in electrophoretic mobility result From
differences in phosphorylation or size of the polypeptide chain,

Infection of salmon cells with IHN virus results in an inhibition
of cellular protein synthesi s, In this characteristic, IHNV
differs from other members of the rabies virus group of the
Rhabdoviridae. Cellular protein synthesis is not inhibited after
infection with rabies virus  Cosiett et. al., 1980! and any study
of rabies protein synthesis in the cell requires exposure to
hypertonic shock to reduce the background of host protein
synthesis. However, it has been possible to examine the synthesis
of IHN viral proteins in the cell without resorting to this
drastic treatment.



It is clear that there are two soecies of virion glycoproteins, GI
and GZ, Differences between these two glycoproteins may reflect
incomplete g lycosylation or some riegradation of the carbohydrate
moiety during virus purification. Since SDS-PAGE gels of fresh
virus preparations da not exhibit the two glycoprateins, it is
more 11kely that GZ results fram some degradation af GI in
purified virions. Althouqh peptide mapping data are not available
for GI and G? it is probable that GI and G? have identical am~no
acid sequences. The pulse-chase experimenE  Figure 6B! suggests
that GZ is synthes1zed and chased into the GI form which migrates
slower. The slower for m should contain more carbohydrate. Recent
work by Dietzchold et al., 1979, has shown that GI and GZ have
identical peptide maps but GZ protein contains less carbohydrate
than GI,

The first protein for IHNV to appear in the course of infection is
the N, or nucleocapsid protein, at Z-3 hours after infection, At
6-7 hours after infection, the membrane proteins, MI and M?, can
be identified in the autoradiograms. The two forms of the
glycoprotein, GI and GZ, are found at 9-10 hours after
infection. It was not poss1ble Co distingu1sh the virion L
protein from other host prate1ris in the gel until late in
infection when cellular host protein synthesis was completely
inh1bited, The L protein appears to be synthesiz. d at such a low
rate that it constitutes a ver y small portian of the total pra'e'in
synthesis in the infected cell. However, I protein accumulates
faster than the other virion proteins, indicatinq that L is not
turned over as quickly. These experiments show that IHN virus
proteins are synthesized independently, Virus production begins
at 12- 14 hours after infection  Leong et al., 1981 !.

It appears that IHN v1rus prot,ein synthesis in salmon cells is
similar to that of rabies. Each virion protein seems to be
derived from the translation of independently transcribed
monocistronic mRNAs, In fact, we find five oolyadenylated mRNA
species are synthesized in vitro. These mRNA spec1es correspond
appropriately in sizes to the RNA species expected for each virion
protein.
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Molecular Characterization of Infectious
Pancreatic Necrosis Vires

Isolated from a Marine Fish
I:.dki ard It Stephens and Fr uk;"t Hetrick
l>eparttttent of.tttcrohiolog
I! no etsttt tt ,'ttar land

tntniduetrmt

Infectious pancreatic necrosis virus  IPNV! was first isolated by
Wolf et al. �960! from diseased br'ook trout. The virus has since
been shown to be worldwide pathogen for young salmonid fish
including rainbow trout  Besse and de Kinkelin, 1965; Sano, 1971!,
Atlantic salmon  Mackelvie and Artsob, '!968!, cutthroat trout
 Parisot et al., 1963!, coho salmon  Wolf and Pettijohn, I970!,
and Arctic char  Ljungberg and Dorgensan, 1973!. The vir us has
also been isolated from nan-salmonids including br eam  Adair and
Ferguson, 1981!, eels  Sano et at., 198!!, pike  Ahne, 1978!,
white suckers  Sonstegard and McDermott, 1972!, and marine
molluscs  Hi11, 1976!. We have previously reported the
association of an IPN virus with the annual spring ep i zootics of
the Atlantic menhaden in the Chesapeake Bay  Stephens et al,,
1980! and recently McAllister et a'I. �982! have reported
involvement of an IPN-like virus with Southern flounder
mortalities off the North Carolina caast.

The virus is a 60 nm icosahedral particle with a bi-segmented
double-stranded RNA genome  Cohen et al., 1973; Dobos, 1976;
MacDonald and Yamamoto, 1977!. Four structural proteins make up
the virion  Dobos et al,, 197.'!, the putative polymerase protein
being coded far by one RNA segment and the three smaller proteins
being coded by the other RNA segment  MacDonald and DaboS, 1981!
whose major reaction product in vitro was RNase resistant and co-
sediment:ed with the 14S virus genome  Mer tens et al., 1982!,

Studies to date concerned with the molecule.r characterization of
IPNV have employed the prototype VR-299 strain isolated by Wali' et
al,  '!960! or other IPNV isolates made from fish in fresh water.
This report compares the molecular characteristics of an IPNV
isolate made from a marine fi sh with those of the VR-299 strain .
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Figure l. Isopycn c centrifugation in CsC1 of harvests from cell-:
infected with a high M.O.I, The virus preparation was cent> ifI2ged
at 4'C for 20 hours at 35000 rprI.,Ising a SW50L rotor, Absor'baIic"
was monitored at 200 nm  ~! and density of the fractions
deter mined in a refractometer  o � o!.
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Harvests of cells infected at a high M.O,I. with the menhaden
virus yielded two bands when subjiected to equilibrium density
gradient cen!rifugatiOn in CsCl  Fig, 1!. The band at a density
of 1 33 g/cIII contained infectious virus while the band at 1.29
g/cm had little or no infectivity. The two bandS were then
isolated and purified using the method described by Dobos et al.
�979!. When purified virus was subjected to SDS-PAGE analysis
 !.aemmeli, 1970; Allen, 1980!; the i nfectious virus band revealed
4 polypeptides with mnlecular weights of 86000, 56000, 30000, and
2/000 daltons with the 56000 dalton protein accounting for 65K nf
the vi1 al protein !Fig, 2!, f7AGE analysis of the top compOnent.
 density 1.29 g/cm ! revealed only the 56000 dalton protein.

Antisera generated in rabbits against both infectious virus and
the top component were used in cross-neutral',zation tests, The
results demonstrated that both anti sera were protective at a sero-.1
dilution of 1-2560 using 1000 TCID50 of virus as the test dose,

Since top componeiit contained only the 56,000 dalton protein, this
indicates that. it is the major immunologic co10ponent of the
virus. Neutralization testes against infectious hematopoietic
necr osi s virus showed no protection at a dilution of 1-5, thereby
demonstrating specificity of the antiserum.
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Fiqure 2. SDS-PAGE analysi s of
the polypeptides from the
menhaden and VR299 strains ot
IPNV. Lanes: 1, molecular
weight. standards; 2, Menhaden
infectious virus; 3, VR299
infectious virus; 4, Menhaden
top component; 5, VR. 99 top
component. Molecular weight
n~arkers  Lane I! were phospho-
rylase A  90000!, bovine se;um
albumin �5000!, ovalbumin
�3000!, carbonic anhydrase
�0000!, and t,ryosin inhibitor
�0100!.
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The results in Fig. 3 sIIow that purified virions possess the
ability to incorporate H-UTP into an acid precipitable
fr action, The incorporation of .H-UTP began tn plateau after 2 to
3 hr incubation.

Replacement of the ri bonucleoside t~i phosphates with
deoxyribonucleoside triphosphates   HdTTP, dATP; dCTP, dGTP!
resulted in no significant radioactivity incorporated into the
acid precipitable fr act.ion suggest.ing that the activity was an
RNA-dependent-RNA polymer ase  Fig. 3!.

h m;<I JGA

The secondary structure of the viral nucleic acid was
characterized in several ways. Purified viral nucleic acid

The polymer ase activity associated with the intact particle did
not require prior treatment with chymotrypsin for activation as do
the reoviruses  Skehel and Joklik, 1969!. In fact, treatment with
100 u g of chymotrypsin for 90 min resulted in the loss of the
polymer ge activity  Fig� . 3! as well as a decrease in infecti vi ty
trom 10 to �0 TCID50's per m!, The enzyme activity was
dependent on the presence of Mg because its removal result, d in+

No incorporation of H-UTP in an acid precipitable product  Fig.
4!. Replacement of 20 & Mq with 1, 10 or 100 nP MnC12, CaC1-.
or NaC1 resulted in no incorporation demonstrating the specficity
of this enzyme for Mg . The polymer ase activity appear ed to be
active at 20, 25, and 30 C with the only difference being that at
25 and 30'C the curves reached a plateau more rapidly than at
20'C. Actinomycin 0 and e -amanit.in did not inhibit the polymerae
activity at the concentrations used �0 ug/ml!. Also, the
addition of RNase A at a concentration of 10 u g/m1 did not degrad:
the reaction product suggesting that sinqle stranded RNA was not
released from the virus.



Figure 3. Assay of polymerase
activity in purified virus,
Assay conditions for the IPNV
polymerase were 50 mM Tris-HC1,
pH 8.0; MgC1, 20 mM; ATP, GTP,
and CTP, 2 mM; sH-uridine
triphosphate, 10 pCi � Ci/
mmole! and 50 ug of virus at
30' C. Plotted is the TCA
precipitable radioactivity of
~H-UTP using untreated virus
 o � o! or vi rus treated with
chymotrypsin  ~! and the
incorporation of sHTTP by
untreated virus  I � a!. The
effect of Mg+~ on the polymerase
activity of purified virus is
depicted on the lower graph.
The conditions for polymeriz-
ation were identical to those
described above except that
reactions contained either 20
mM  ~! or 0 mM  o � o! MgC1>.

TIME  minu ws I

TIME  rrnnuTeal

When RNA samples denatured at 105'C for 5 minutes were centrifuged
in CsS04 gradients, the menhaden virus as well as the VR299 strain
of I NV, demonstrated shifts in their densities from '1.60 to 1.66
g/cm . Bqth 16S and 23S rRNA from E. coli retained a density of
1.66 g/cm .
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labeled with H-uridine  Oobos et al,, 1979! was centrifuged in a
self forming CsS04 gradient for 48 hours. Figure 4 illustrates
that the labeled nucleic acid came to equilibrium at a density of
1.60 g/cm whereas single stranded RNA controls, 16S and 2$S rRNA
from E. coli came to equilibrium at a density of 1.66 g/cma The
double stranded RNA from VR299 strain of IPNV labeled with 3H-
uridi ne was also centrifuged in a separa e CsS04 gradient and came
to equi librium at a density of 1.60 g/cm .
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Figure 4. Lsapycnfc density gradient centrifugation of purified
Menhaden v1rus RNA in a self farming CsS04 gradient. Gradients
were centrifuged for 48 hours at 175,000 x g fn a SM50L rotor at
20'C. Markers included were the RNA of the VR299 strain of IPNV
and 16S and 23S rRNA of E. cali.

Menhaden virus RNA had a sed1mentation value of 14S when
centrifuged in a 10-30% sucrose gradient containing 70%
formamide. 0enaturation of the virus RNA with formamide far 30
minutes at 50'C resulted in a shift from 14S to 24S when
centrifuted in sucrose-formamide grad1ents  Fig. 5!. Similar
results were cbtained with the VR299 strain of IPNV.

The heat stabi'iity of the virus RNA is illustrated in F1g. 6. The
virus RNA exhibited a sharp melting profi 1e fndicative of a double
stranded nuclefc acid. The Tm of the viral RNA preparation was
87'C in 0.1X SSC buffer.

To determfne if the menhaden virus RNA segments had minor
differences in their molecular weights when compared ta the VR299
strain, nucle1c acids from both strains were subjected to
electrophoresfs in 7.5% polyacrylamide gels using the butfer
system of Loenfg �967!. The results in Fig. 7 show two peaks of
radioactivity localized at the same position as those far the
VR299 strain which have previously be~n determined to have
molecular weights of 2.5 and 2.3 x 10 da1tons.

Absence of a poly A! sequence at the 3 terminus

Figure 8 shows that the menhaden v1ral RNA was not reta1ned by
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Figure 5 . Oensity gradient centrifugation of denatured viral RNA
in a 10-30% continuous sucrose-formamide gradient. Samples were
denatured in 98% formamide for 30 minutes at 50'C and centrifuged
in gradients for 18 hours at 40000 rpm in a SM41 rotor at 20'C.
Markers used were 16S and 235 rRNA from E. coli

oligo  dT!-ce llu1ose columns  Aviv et al., 1972! and was eluted in
buffer A as was Reovirus 1 RNA, which is known not to have 3
poly A! sequences in its RNA. Poli ovi rus RNA, which does contain
a poly A! sequence, bound to the oligo  dT!-cellulose column and
was eluted with buffer B. Together, these results indicate that
the menhaden strain of IPNV does not have a poly A! sequence at
its 3' terminus.

Cross hybridization studies with isolated RNA segments

The results of electrophoresis of iso1ated viral RNA i~ 7.5%
acrylamide gels shown in Fig. 9 demonstrate that each H-labeled
segment was clearly separated from the other. Once it was
established th at each segment cou/f be separated from each other,
viral segments were labeled with I using the thallium chloride
method and hybridized to excess RNA from the other segment, to
both segments, to tRNA from E. coli or itself. The results of the
hybridization experiments are s~own in Table 1. Segment I RNA
hybridized to segment II RNA at a leve3 of only g g% whereas it
was found to hybridize 80,2% to segment I. The ~ oI-labeled probe
to segment I reannealed at a levei of 3.1'% and to 16S rRNA at a
level of 2.9%. Ex~ass RNA from both segments  I and I I!
hybridized to the I-segment I at a level of 79.8%. Segment Ii
showed similar results to segment I. Segment II annealed to
excess segment II RNA at a level of 77.9%, to segment I at 4.5%,
and to segment I and II at 78.5%. It hybridized to 16S rRNA at
only a level cf 2.4% and to itself at a level of 4.1%. Taken
together, these hybridization studies indicate that nucleotide
sequences of segments I and II are not closely re1ated.
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Figure 6. Therma1
denaturation of the
menhaden viral RNA. H-RNA
was resuspended in 0.1X SSC
buffer and heated from 60
to 100 C in 6'C increments.
At each increment, samples
were removed and treated
wi th single strand specific
RNase A. Samples were TCA
precipitated and the radio-
activity determined.

Figure 7. Acrylamide gel
electrophoresis of
menhaden virus RNA.
Electrophoresis of purified
nucleic acid from VRZ99
was performed in a com-
panion gel. Electro-
phoresis was carried out
at room temperature. Gels
were either sliced into
0.2 cm pieces and radio-
activity counted or stained
with silver. The insert
shows electrophoretic
patterns of: 1-Menhaden
virus RNA; Z-VR299 virus
RNA; and 3-menhaden and
VR299 RNAs.



Figure 8. The ability of the
menhaden virus RNA  o � o!,
reovirus RNA  ~! and polio-
virus RNA  o-o! to bind to a
2.0 ml oligo  dT!-cellulose
coluIffn. Samples were applied
to the column in buffer A �.5
M KCl, 0.01 M Tris-HC1. pH
7.5!. Poly A! material was
eluted with buffer B �.01 M
Tris-HC1, pH 7.5!.
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Figure 9. Demonstration of th~ purity of the viral RNA segments
by electrophoresis. Purified H-viral RNA was subjected to
electrophoresis in 7.5% polyacrylamide gels and stained with
ethidium bromide to localize RNA bands. The RNA segments were cut
out, eluted from the gel and again subjected to electrophoresis in
acrylamide ge'ls. Gels were then cut into 0.2 cm piece and the
radioactivity determined.
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Table 1. Cross hybridization studies between RNA segments of
IPNVa

Source of

I viral RNA PercentSource of Excess of RNA

aHybridization mixtures contained 'l0000 cpm of I-labeled
segment I or II, 1 0 absorbance unit of excess RNA, 10 nH Tris-
HCl, pH 7.5, 0.4 M NaC1 and 0.1% SDS in a 100 ul volume. RNA was
denatured at 105'C and allowed to renature at 60 C for 2 hours,
Following RNase A digestion of the hybrids TCA precipitable
material was counted in a garena counter.
The molecular weight af segment I = 2.3 x 10
The nnlecular wei ht of se nt II 2.5 x 10

Discussion

It is clear from the study that the characteristics of the IPNV
isolated from the Atlantic menhaden are quite similar, if not
identical, to those reported for IPNV isolates from salmonids.
The polypeptide profiles of the menhaden virus and the VR-299
strain of IPNY both show four virion proteins of similar
molecular weights, i.e., 863 56, 30, and 27 x 10 for the former
and 90, 57, 29, and 27 x 10 for the latter  Dobos et al.,
1977!. Indeed, the data presented are largely confirmatory of
previous work done on the molecular biology of IPNV, particularly
that published from the laboratory of Peter Dobos at the
University of Guelph.

Infection of cells at a high M.O. I resulted in the increas~d
production of defective virus having a density of 1.29 g/cm in
cesium chloride. The SDS-PAGE analysis of this virus band
revealed only one polypeptide with a molecular weight of 56,000,
Antiserum prepared to this "top component" was found to neutralize
viral infectivity to the same extent as antiserum prepared against
infectious virus. This indicates that the 56,000 dalton
polypeptide is the major antigenic determinant for the virus.
Since a similar size polypeptide has been found in other
birnaviruses  Dobos et al., 1979!, it will be of interest to
compare these proteins for antigenic similarities or
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differences. Such comparison is currently underway using
monoclonal antibodies generated against several IPHV serotypes.

The nucleic acid of the menhaden virus was shown to be double-
stranded by centrifugation in CsS04 gradients, electrophoresis in
polyacrylamide gels, sensitivity to RNase and by thermal
denaturation profiles. Centrifugation in a self-forming Cs504
gradient for 4!3 hr revea1ed ttIat the menhaden virus RNA had a
buoyant density of 1.60 gm/cm as did the RNA from the VR-299
strain of IPNV. This is similar to what has been previously
reported for IPNV by MacDonald and Yamamoto �977! and Co!en et
al.  '1973!, who reported densities of 1.60 and 1.615 g/cm,
respectively. The single-stranded RNA control~, l6S and 23S RNA
from E, coli, came to equilibrium at 1.66 g/cm as did denatured
RHA from the menhaden virus. Hence, density gradient
centrifugation data indicates that the vira1 RNA is double-
stranded.

Data from dige. tion with ribonuclease A also provided evidence
that the RNA was double-stranded. Both RNA species from the
menhaden virus and the VR-299 strains of IPNV were highly resistant
to the action of RNase A with 93 and 92% remaining acid
precfpitable, respectively. This was in contrast to the sigle-
stranded RHA from poliovirus which was highly degraded, resulting
in only 5% remaining acid precipitable. The final ev1dence that
the viral RNA was double-stranded came from the thermal
denaturation profile. Denaturation was assessed by the ability of
single-stranded RNA to become sensit1ve to digestion with RNase A
and, therefore, not rema1n acid precipitable. The virus RNA
denatured in a shar p profile characteristic of a double-stranded
nucleic acid and had a Tm of 87.0'C in 0.1 x SSC buffer and is
similar to the 89'C reported by Cohen et al. �973! for the VR-299
stra1n.

It is known that significant variat1on can occur in the molecular
weights of the RNA segments associated with the reoviruses  Ramig
et al., 1977! and rotaviruses  Verly and Cohen, 1977; Ridger and
Holmes, 1979! containing 10 and ll segments of double-stranded RNA
respective'ly. To date, electrophoretic analysis of the RNA
segments has been applied to only the VR-299 strain of IPNV.
Therefore, it was of interest to determine if the molecular
weights of the RNA segments of the menhaden strain of IPHV were
the same as that of the VR-299 strain. Electrophoresis in 7.5%
acrylamide gels demonstrated the appearance Irf 2 peaks of RNA
having molecular weights of 2.5 and 2.3 x 10 daltons which agrees
with the findings of Cohen et a1. �973! and Dobos et al. �976!
for IPNV.

The viral RHA was then characterized for its ability to bind an
oligo dT!-ce'llu1ose column using the procedure outlined by Aviv
and Leder �972!. Viruses whose RHA can be utilized as a
messenger RNA, the  +! strand viruses such as the picronaviruses,
have poly  A! sequences at the 3' terminus wh11e those viruses in
which the virion RNA does not serve as a messenger, e.g.,
reovir uses, 1ack poly  A! sequences at the 3' end, It was
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therefore of interest to compare viral RNA from the menhaden virus
to poliovirus and reovirus RNA's in this respect. The results
indicated that neither reovirus or menhaden viral RNA would bind
to an oligo dT!-cellulose column under conditians w hich favored
binding of poliovirus RNA. Thus, IPNV is similar to the
reoviruses with respect to their absence of polyadenylic acid
residues at the 3' end.

In order ta substantiate the 2-dimensional fingerprint analysis of
each RNA segment of IPNV by MacDonald et a1. �977!, hybridization
reactions involving purified RNA segments were performed. Because
the 1n v1vo incorporation of nucleotide precursors into vir~f RNA
was low, WQ segments were denatured and radi olabeled with I to
a high specific activity. Th1s was performed in order that only a
small amount af RNA could be utilized and thereby prevent the
reanneal1ng of the RNA probe during the actual hybrid1zation
reactions. The results indicated that the two RNA segments were
not related at the level of nucleotide sequences. These
experiments thus confirm the results of MacDonald et al. �977!
concerning the nucleotide sequence of the 2 segments of RNA by
nucleic acid hybridization techniques.

To determine 1f 1n vitro transcript1on was similar to that
reported for the reoviruses, studies were performed using the same
strategy that was utilized in the study of the RNA transcriptase
associated with reoviruses  Skehel and Joklik, 1969; Banerjee and
Shatkin, 1970!. Several differences were observed between these
two types of viruses. The RNA polymerase associ ated with the
intact IPNV particle did not require prior treatment with
chymotrypsin for activation as do the reoviruses  Skehe'1 and
Joklik, 1969!. In fact, chymotrypsin treatment abolished its
activity. Secondly, unlike the reovirus enzyme, which can
transcribe all ten segments in vitro for 48 hr at 37 C, the
palymerase activity associateE wWi 1PNV virus was found ta
plateau at approximately 4 hr.

We have conducted some pre'11minary experiments into the nature of
the polymerase products  data not shown!. Purification and
subsequent centrifugation of the products from a 1 hr palymerase
reaction through sucrose-formamide gradients revealed that the
reaction products sedimented to a 14-16S position that
subsequently shifted to a 14S position if the reaction was allowed
to proceed for 24 hr. There never was a shift ta the 24S position
as might be expected 1f mRNA was being synthesized. This suggests
that the virus associated enzyme is a RNA polymerase and nat a
true transcriptase. A similar polymerase activity has been shown
for Drosophi la X virus by Bernard �980!. When fractions from the
14S peak wer e pooled and denatured i n the presence af 98%
formamide at 50 C for 30 min, there was a shift 1n the
sedimentation caeff1cient from 14S to 24S indicating that the 12S
peak was composed of double-stranded RNA. In this regard, the 14-
16S peak, as well as the 14S peak, were found to be resistant to
the action of RNase A with 93.2 and 94. 7% of the incorporated
radioactivity remaining acid precipitable. When the 14S product
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was denatured at 105 C for 2 min and quickly cooled on ice, the
material became sensitive to RNase A with 4.1% remaining acid
preci pitable.

Pooled fractions from the 14S peak failed to bind to an oligo dT!-
cellulose column. Similarly, denaturation of the 14S peak by
heating at 105 C for 2 min and quickly cooling on ice failed to
enhance binding to the column. Therefore, it appears that the
events in RNA transcription and replication do not resemble those
reported in vitro for the Reoviridae.

Recently, martens et al,   1982! described the in vitro synthesis
of RNA by the IPNY polymerase, Approximately &!~o e
polymerase product remained associ ated with the double-stranded
template of the virions. The remainder was single-stranded RNA
which apparently was broken down to 5-7S fragments by a virus-
associated RNase. The use of bentonite as an RNase inhibitor
permitted the synthesis of small amounts of single-stranded RNA
which when analyzed by sucrose gradient centrifugation was
identical to the 245 rrRNA produced in TPNV infected cells  Dobos,
1977!. The refinement of an in vitro transcription system would
have value in the cloning of riiFN~s rom the IPNV genome which
could be used for sequencing studies for the possible production
for antigenic material for vaccine purposes.
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