KEmMEREIE(1992) F32% B3R
Korean | Vet Res (1992) 32(3) : 381~387

Electron microscopic studies on Flawbacteraan branchiophila in experimentally induced gill
disease of rainbow trout

Gang-joon Heo
Department of Veterinary Medicine, College of Agriculture, Chungbuk National University
(Received Feb 24, 1992)

HIEENE ob7tulieel BRAE 2 e F-X)AEololl oAl Flavbaderaon brachiophila® ™) 3+
BT B T

&

=
s

ZEU gy 30 =87
(19923 29 %Y AF)

B AZY ZAME ] Aojg PP o g AFA obrluy-g A FANE L X ofo
oA op7tu) 222 2 WLF Flavbaderia branchiophila®] W8t 413 Axp@w] 3 (SEM)# 3
8 AR E A (TEM) 22 B3t} F brandophilas A 0] 5~8#m, Z %¥0.5um 9], 2~3 T 7} X
2 4498 41 ke AraezA A9 FYde e AR(pili)& 21 ANUch AT o7t
o) 27| e 2l gAY o oA v Fo 8] AZE WAFL ofrtv] BHA AP F

A& FA8n F2s o] AUt

FAHE ARV A BHAA AR Fn719 olriv] BAL w29 & 2T v RAFY
E712 ERA 0 A & A FHA L7 Ho|v Ay Ao HHE obrtn] FANME A9 A
A R 2433 A 28 TR S0H F FAHYA RUTE F branchiophilat HH
A B9} o] YFoiA R0 Ao 5% A Fole 21 Pehrt PR skt
Key words : electron microscope, bacterial gill disease(BGD), rainbow trout, Flavobacterium branchiophila.

Introduction

Bacterial gill disease (BGD), which results in high
mortality in salmonid fishes, is characterized by the pre-
sence of numerous filamentous bacterial cells on the sur-
face of the gills'? Such gram-negative bacteria have
been isolated from some salmonids with BGD in Japan
and Oregon, USA and classified as Flawbaderium sp>*
This bacterium appeared abundantly on the surface of
the gills of juvenile trout within 18 to 24 hours after
waterborn exposure of the fish to a bacterial suspension

of cells in an aquarium. The infection caused irritation to

the gills and impaired their respiratory function® The
fish eventually died from suffocation in water containing
levels of dissolved oxygen much higher than the inci-
pient lethal levels for uninfected control fish® Farkas®
isolated filamentous, nongliding bacteria from certain
freshwater fishes afflicted with BGD in Hungarian fish
farms. The isolates were identified as Flavobacteriom sp.
and were reported to exhibit positive slide agglutination
with the antiserum prepared against the isolates from
Japan. We presented evidence that BGD isolates from
Japen, USA, and Hungary constitute a new species, for
which the name Flavobacterium branchiophila was proposed.
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Strain TS-1(= BGD-7721, ATCC 35035) was desig-
nated as the type strain of the new species.’

In spite of the controversy concerning the causative
agents of the disease, histopathological descriptions have
contributed to its understanding®® The question of pro-
liferation of epithelial cells was of particular interest and
attraction. Kudo and Kimura'® frequently observed fusion
at the distal tips of adjoining gill lamellae in diseased
trout fingerlings. This was also of great interest in rela-
fion to the binding or interaction between epithelial cells.
In addition to descriptions of gill filament and lamellar

epithelia'*'?

and on secondary lamellae deveolopment,'®
it was of great importance to understand the ultrastructu-
ral differences between the cell organization of normal
and diseased gill lamellae and filaments. To understand
the underdeveloped gill epithelium, especially the gill
lamellar epithelium, the use of trout fingerlings as mate-
rial was signigicant because of the higher susceptibility
of these animals to bacterial gill disease.

Before these experiments could be done, however, I

found it necessary to have a detailed cytopathological
portrait of the steps of the disease and an ultrastructural

description of the lesions. The purpose of this paper is to
define the ultrastructural differences between gill epithe-
lia before and following bacterial infection, morphologic-
al characteristics of the attached causative agent, Flanobac-
tevitm branchiophila, and the gill epithelium, and morpholo-
gical change of the bacteria and gill epithelia by treat-
ment using 5% NaCl, and the recovery of hyperplastic
lesions in an experimentally induced gill disease.

Materials and Methods

Bacterial strains @ Flaobacterium branchiophila TS-1( =
ATCC 35035) and BGD-7501 were used. These strains
isolated from diseased salmonid fish included the follow-
ing organisms : strain TS-1, which was isolated in 1977
in Gunma, Japan, from yamame(Ondhorychus masou);strain
BGD-7501, which was isolated in 1977 in Gunma,
Japan, from rainbow trout.*

Morphology of Flawbaderium branchiophila * Preparations
of the bacteria were stained with 2% phosphotungstic
acid on copper grids coated with collodion and carbon.
The excess stain was removed by touching it with a
piece of filter paper. The specimens were examined with
an electron microscope (JEM-1200EX;JEOL L,

Tokyo, Japan) at 80 kV.

Experimental infection : Aquarium of twenty liters in
volume containing 5 liters of sterilized water was pre-
pared. After a 2 day acclimatization period, twenty rain-
bow trout fingerlings, safmo gairdneri Richardson, were ex-
posed to bacterial suspension (10° CFU/m¢) for 2 h in
static water with. aeration, and water temperature was
kept at 20C. After, a successful infection was confirmed
by microscopic examination of the gill surface of some
fish samples, water in the aquarium was changed.

immersion of infected fishes in 5% NaCl . The suc-
cessfully infected fishes were immersed in 5% NaCl for
2 min as a treatment. This procedure was repeated three
times at six day intervals.

Transmission electron microscopy . Thirty rainbow
trout fingerlings suffering from bacterial gill disease and
twenty healthy ones were used for the present investiga-
tion. Their average body length and body mass were
approximately 39 mm and 1 g, respectively. Gill tissues
were excised from fresh fingerlings and fixed for 2 to 3
hrs in 2.5% glutaraldehyde buffered with an ice-cold, 0.1
M cacodylate buffer (pH 7.3) followed by thorough
washing with the same buffer containing 5% sucrose and
osmication with the buffered 1% osmium tetroxide. The
gill tissues were dehydrated by a graded series of cold
ethanol and embedded in Epon 812. Ultrathin sections,
doubly stained with uranium and lead, I examined by a
JEM-1200EX type transmission electron microscope.

Scanning electron microscopy . After fixation for 0.5
to 1 h in cacodylate-buffered 2.5% glutaraldehyde the
gill tissues were briefly subjected to supersonic treatment
for removal of the mucous substance coating the gill
epithelium surface and of the bacterial cells, followed by
immersion in the same fresh fixative for 1 to 2 h. After
washing overnight with 0.1 M cacodylate buffer (pH 7.3)
containing 5% sucrose, the gill tissues were immersed for
2h more in solution made of an equal volume of 2%
solution of sucrose, sodium glutamate, glycine and argi-
nine hydrochloride, and then for 2 to 18 h a 2% solution
of tannic acid after washing well for 30 min in distilles
water, After washing in distilled water, postosmication
and gill tissues were transferred to amyl acetate, and then
dried at a critical point from liquid CO, The dried
specimens were mounted on stubs, coated with platinum
by ion sputtering and examined by JSM-T100 (JEOL
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Ltd., Tokyo, Japan) scanning electron microscope (SEM).

Results

Transmission electron microscopic studies - The cells
of F branchiophila were gram-negative slender rods meas-
uring 0.5 by 5 to 8 #m, and they usually occurred in ch-
ains of two or three cells in Cytophaga broth (Fig 1). T-
he pili were long, thin, flexible filaments measuring appr-
oximately 4 nm by 1 #m. The pili were packed together
to organize into bundles.

The normal epithelium of gill filaments and lamellae
was comprised of a single or double layer of the same ty-
pes of cells. Cell organization was usually characterized
by a mosaic arrangement among the three cell types of f-
lat epithelial, chloride and mucous cells.

In diseased gill epithelium, The bacterial cells attache-
d to the gill surface through pili, but they were slightly
separated from the surface or the tips of microvillus-like
projections of epithelial, chloride and mucous cells(Fig 2
and 3), and did not invade into gill tissue. The hypertro-
phy was characterized by morphological changes of
epithelial and chloride cells, and the infiltration of wand-
ering leukocytes. The lamellar epithelial cells, especially
the outermost ones, were characterized by a columnar or
cuboidal shape and thickening and simultaneous obvious

decrease of microvillus-like projections.

Scanning electron microscopic study - Normal surface
ultrastructure of epithelial cell in the outermost layer
were characterized by a roughly squamous or polygonal
outline and branching and anastomosing microridges on
the cell surface. They ofter exhibited a typical labyrint-
h-like structure(Fig 4).

Hyperplastic lesions in experimentally infected gill
were most serious at near the tips and mild towards the
gill arch. Each filament exhibited a club-like or cudgel-
like contour, and fusion between the filaments was some-
times observed at their tips. Topographical variations
brought out markde differences in the surface appearance
of the epithelia which lacked the typical labyrinth-like
microridge structure. On the surface of gill filaments,
thread-like bactreial cells attached and were entangled
(Fig 5). Fig 6 appeared micrograph of the gill epithelium
48 hours after exposure of the fish to suspension of F

branckiophila TS-1 in an aquarium. The bacterial cells
almost covered the surface, have pili around the cell
body in an enlarged micrograph (Fig 7). After immersion
in 5% NaCl, the cell of F branchigphila, however, appeared
to be indeterminate shape (Fig 8). Viability of such bac-
teria was not still uncertain, although plating method did
not detected it. Surface ultrasturcture of epithelial cells
varied and showed no typical micronidge structure except
for a few cases of distorted microridges or sparsely
granular, roughly broken or irregularly pebbled appear-
ance. The surface ultrastructure was so complex that it
was impossible to characterize definitely.
Discussion

Most investigators believed bacterial gill disease to be
principally a myxobacterial infection.'*!® Kimura et al®
reported the disease was caused by the infection of Flawo-
bacterium sp. which had been isolated by them, and they
have succeeded not only in reproduction of the disease
using the bacterium® but also in extraction of a material
inducing the disease from the bacterium.!® However,
atterapts succeeded in transmitting bacterial gill disease
to fingering trout by adding pure cultures of the bacter-
ium in aquarium by Wakabayashi et al® The ex-
perimentally infected gills showed essentially the same
symptoms as seen in naturally occurred gill disease. Re-
cently, the name Flawbacterium branchiophila was proposed
for a group of the bacterial strains those which were iso-
lated. from cultured salmonids or sheatfish suffering from
bacterial gill disease in Japan, USA and Hungary.”

As is already well known, the most striking character-
istics in bacterial gill disease are hyperplasia of gill
epithelia and fusion of adjacent gill lamellae 4\
Although Wood and Yasutake® reported that the bacte-
nal type of hyperplasia frequently developed in the
lamellar epithelium and was often detected first at the ex-
treme distal tip of the lamellae, the present observations
and other data on experimental infection of bacterial
cells!® have revealed that hyperplasia starts at the distal
end of the filaments and progresses towards the proximal
portion. This may be closely related to the location of
the first adhesion of bacterial cells.

The electron micrograph of the F branchiophila revealed
that the pili had a tendency to aggregate into parallel
bundles. The structures such as bacterial flagella bases
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were not observed on the pili filaments. In comparison
with the type 1 or common pili of Escherichia ooli that was
characterized by a rgid rod-like shape of 7 nm in
diameter,'®'® the pili of strain TS-1 and BGD-7501
were thinner and flexible. During the course of the histo-
logical preparation for the transmitting electron micros-
copy, many of the bacterial cells fell away from the sur-
face of the gill epithelium. This may have been caused
by the discharge of mucous substance from mucous
cells.® From the fact that F branchigphila never invade into
gill tissue, it is suggested that the pili plays an important
role in the mechanism of the infection.

SEM observations on the surface ultrastructure of gill
epithelia in healthy rainbow trout previously revealed a
pattern of microridges on the surface of epithelial cells,
microvillus-like cytoplasmic projections on the chrolide
cell surface and occasionally granular openings on
mucous cells?* However, SEM observations of abnor-
mal epithelia in bacterial gill disease revealed that sur-
face ultrastructure varies most remarkably in epithelial
cells. Further, the outermost layer of epithelial cells in
lesions showed structural changes of microridges in a
uniform direction, varying from the typical, labyrinth-like
pattern through distortion or transformation into bead-
like chains to decay and disappearance. These findings
have been confirmed in a present experimental infection

of the disease.

Summary

Gill epithelia of normal rainbow trout fingerlings and
abnormal ones suffering bacterial gill disease by ex-
perimental infection were examined by transmitting elec-
tron microscopy (TEM) and scanning electron micros-
copy (SEM). TEM observations revealed that Flavobacter-
tum branchiophile consisted of slender rods measuring 0.5
by 5 to 8 #m, and they had which were long, thin, flexi-
ble filaments measuring approximately 4 nm by 1 #m,
and packed together to organize into bundles. Morpholo-
gical alterations of the diseased epithelia started at
hypertrophy of the lamellar epithelium. F branchiophila
attached to the gill surface of infected fish through pili
with a regular distance, and did not invade into gill
tissue.

In SEM observations, normal surface ultrastructure of
epithelial cell in the outermost layer were characterized
by a typical labyrinth-like structure branching and anas-
tomosing microridges on the cell surface. Hyperplastic le-
sions in experimentally infected gill were most serious at
near the tips. Each filament exhibited a club-like, and fu-
sion between the filaments was sometimes observed at
their tips. On the surface of gill filaments, thread-like
bacterial cells attached and were entangled. The bacterial
cells almost covered the surface. After immersion in 5%
NaCl, the cell of F branchiophila, however, appeared to be
indeterminate shape.

Fig 1.
Fig 2.
Fig 3.
Fig 4.
Fig 5.
Fig 6.

Fig 7.

Fig 8.

Legends for figures

Electron micrograph of negatively stained cells of Flabaderium branchiophila TS-1( = ATCC 35035, BGD
7721). Bar=1 pm.

Contact of Flawbacterium branchiophila with a lamellar epithelial cell. Some bacterial cell (B) in a transversal sec-
tion are in contact with the cytoplasmic projections of the lamellar epithelial cell. Bar=2 tm.

Magnified transmitting electron micrograph of Flaobacterium branchiophila on the gill epithelium. Bar=0.5 #m.
Surface ultrastructure of normal gill filament epithelium. 2,000.

Scanning electron micrograph of Flavobacterium branchiophila on the gill epithelium 24 hours after exposure of the
fish to suspension of the bacteria in an aquarium. X2,000.

Scanning electron micrograph of Flavobacterian branchiophila con the gill epithelium 24 hours after exposure of the
fish to suspension of the bacteria in an aquarium. X 2,000.

Magnified scanning electron micrograph of Flavbacterium branchiophila attached on the surface of gill epithelium,
X 35,000.

Electron micrograph of indeterminate shaped Flaobacterium branchiophila 24 hours after immersion in 5% NaCl.
X 2,000.
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