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In the present paper, the immunostimulatory effects of the extracellular
products (ECP) from Mycobacterium spp. and various adjuvants on the
non-specific immune responses of Nile tilapia, Oreochromis nilotica, were
examined. Nile tilapia were immunized by injecting ECP of Mycobacterium
spp. (strain TB40, TB267 or the type strain Mycobacterium marinum) into
their swim bladders. A variety of adjuvants like as Freund’s complete adju-
vant (FCA), Freund’s incomplete adjuvant (FIA) and Titremax were similarly
injected into additional groups of tilapia. The number of nitroblue tetrazolium
(NBT)-positive cells observed in the swim bladder of the immunized fish
was significantly increased by the fourth day post-immunization. By day 8,
the numbers of NBT-positive cells were fewer in fish immunized with ECP
from mycobacteria strains TB40 or TB267 than those immunized with ECP
from M. marinum or fish injected with FCA or FIA. The level of lysozyme
activity detected in the serum of fish 4 d after immunization with ECP from
various Mycobacterium spp. was also significantly higher than that found
in the serum of the control fish. Head kidney macrophages showed en-
hanced reduction of NBT when cultured in vitro with 1 pg/ml of ECP. Con-
centrations greater than this (10 or 100 pg/ml) were found to suppress the
reduction of NBT by the macrophages. ECP from Mycobacterium spp. and
the various adjuvants used in the study all appear to be good activators of
the non-specific immune responses of Nile tilapia.

Fish rely on both specific and non-specific mechanisms
to protect themselves against invading pathogens. The
non-specific defenses include physical barriers, such
as epithelial shield of scales, skin and mucus. Once a
pathogen has managed to penetrate these initial bar-
riers, chemical defenses such as serum lysozyme,
lectins and complement components may coat the
pathogen and opsonize them for further destruction
(Fletcher, 1981).

Other components of non-specific immune system
are also activated by invading stimuli (Ellis, 1981). For
example, phagocytic cells play an important role in the
defense mechanisms of the host by adhering to and
engulfing invading particles. Such cells include tissue
macrophages, circulatory monocytes and neutrophils.
There are numerous reports of microbial products
which stimulate the phagocytic activity of these cells.
Such immunostimulants include Bacille Calmette-Guerin
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(BCG) (Sher, et al., 1993), Corynebacterium parvum
(Berd, 1978) endotoxin (Dubos and Schaedler, 1959),
glucan (Reynolds et al., 1980) Nocardia rubra cell wall
skeleton (Masuno et al., 1979) and synthetic products
such as muramy! dipeptide and its analogues (Parant
et al., 1980; Fraser-smith et al., 1983; Saiki et al., 1983).
Cipriano and Pyle (1985) showed increased protection
in eastern brook trout, Salvelinus fontinalis (Mitchell),
after injection with Freund’s incomplete adjuvant (FIA)
and EcF1, a chromatographic fraction of Aeromonas
salmonicida. Similarly, modified Freund’'s complete ad-
juvant (FCA) in combination with Aeromonas salmoni-
cida formalin-killed bacterin increased protection in
coho salmon, Oncorhynchus kisutch (Walbaum). Olivier
et al. (1985) demonstrated that the adjuvant alone was
able to protect coho salmon against A. salmonicida
infection. Activation of macrophages by the adjuvant
was believed to be responsible for this increase in
disease resistance. Extracellular products (ECP) of A.
salmonicida have also been reported to increase
macrophage activity in the rainbow trout, Oncorhynchus
mykiss (Walbaum), in vitro (Francis and Ellis, 1994).
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Mycobacterium spp. is the causative agent of myco-
bacteriosis or fish tuberculosis, a chronic bacterial
disease infecting a wide range of fresh water and
marine fish (Frerichs, 1983). Presently, three pathogenic
agents have been reported to cause the disease:
Mycobacterium marinum, M. fortuitum and M. chelonae.
They are acid-fast, aerobic, non-spore forming bacilli
and their cell walls are particularly rich in complex
lipids. Previous studies have shown that ECP are
produced by mycobacteria cultured in vitro (Chen et
al., 1997) and ECP from Mycobacterium spp. mixed
with FIA resultes in elevation of the immune response
of rainbow trout (Chen et al., 1996).

In this report, we examined the immunostimulatory
effect of Mycobacterium ECP on the non-specific im-
mune responses of Nile tilapia, Oreochromis nilotica,
and compared the non-specific immune responses
occurring between fish injected with a variety of
adjuvants. Tilapia was chosen as a fish model since it
is susceptible to mycobacteriosis (Noga, 1990). Stimula-
tion of tilapia macrophages with Mycobacterium ECP in
vitro was also performed.

Materials and Methods

Preparation of extracellular products (ECP)

Mycobacteria strains used to produce extracellular
products are listed in Table 1. ECP was prepared from
Mycobacterium spp. cultured in modified Sauton’s
medium as previously reported by Chen et al. (1996).
Briefly, Mycobacterium spp. were cultured in modified
Sauton’s medium (MSM) which contained 0.05% (w/v)
KH2PO4, 0.05% (w/v) MgS04.7H20, 0.005% (w/v) ferric
ammonium citrates, 0.2% (w/v) citric acid, 0.4% (w/v)
sodium glutamate, and 3.0% (v:v) glycerol. A small
volume (5 ml) of bacterial culture 500 ml of MSM was
inoculated and cultured at 28°C for 48 h. Bacteria were
heat-killed in water bath at 75C for 15min. The
suspension was centrifuged at 7,000 xg for 1 h at 4T,
and bacteria were removed by sequential filtration
through a Whatman number 1 filter paper and then a
Millipore filter (0.2 m). The supernatants were concen-
trated with polyethylene glycol (MW 8K; Sigma, Chem-
ical) and samples were dialysed against phosphate-
buffered saline (PBS; pH 7.2) overnight at 4°C. The
supernatants were then centrifuged at 12,000 xg for 1 h
at 4T, harvested, and stored at -70C.

Table 1. Mycobacteria strains used to prepare extracellutar products

Fish

Nile tilapia, Oreochromis nilotica, (40-50g) were ob-
tained from a fish farm in Kunsan National University,
Kunsan. They were held in 50 L tanks, supplied with
aerated water at 25 and maintained on a com-
mercial diet (Ewos No. 2). Seven groups of fish (eight
fish per group) were placed in separate tanks. Groups
1-6 were immunized with either ECP from TB40, TB267
or M. marinum (50 pgffish), or with Freund’s complete
adjuvant (FCA) (Sigma), Freund’s incomplete adjuvant
(FIA) (Sigma), or Titremax (Vaxcel™, Inc.), respec-
tively. The seventh group injected with PBS was used
as control. The fish were immunized by injecting 0.5 m|
of the appropriate substance into their swim bladder
(Endo et al., 1995).

Adherence/NBT assays

Blood samples were taken from the caudal vein of fish
anaesthetized 4 and 8d after immunization. At the
same time, cells were harvested from the swim blad-
der by first disinfecting the ventral surface with 70%
(v/v) ethanol, and then injecting 2 ml of cold Dulbecco’s
modified essential medium (DMEM) (Sigma) containing
101U heparin, 100 U penicillin (pen) and 100 ug strep-
tomycin (strep) into the swim bladder. The cells were
harvested with a 23 gauge needle. To stain the cells,
a drop of blood or cell suspension was mixed with a
drop of nitrobliue tetrazolium (NBT) (Sigma) (0.2% (w/v)
in saline) on a coverslip. This was then placed in a
humidified chamber (a Petri dish containing a piece of
moist paper towel) for 30 min at 22°C. The coverslip
was gently washed with PBS. Excess PBS was
removed and the coverslip was turned upside down
onto a drop of the NBT solution on a microscope slide.
Adherent cells stained in blue were counted in 10
fields of the microscope (X 400).

Lysozyme assay

Lysozyme activity was measured by a turbidimetric
assay described by Parry et al. (1965). Lyophilized
Micrococcus lysodekticus (0.2 mg/mi) in 0.04 M sodium
phosphate buffer at pH 5.75 was used as a substrate
for the serum lysozyme. Test serum (40 pl) was added
to 3ml of the bacterial suspension and reduction in
absorbance at 540 nm was measured after 0.5 and 4.5
min at 22°C. One unit of lysozyme activity was defined

Stain

Origin

Mycobacterium chelonae
Mycobacterium fortuitum
Mycobacterium marinum

NCIMB?® 1474, tortoise, Testudo sp.
NCIMB 1294, A.J. Ross/Kidney of jubenile chinook salmon, Oncorhynchus tshawytscha (Walbaum)
NCIMB 1298, neon tetra, Paracheirodon innesi (Myers)

TB 1 AAHRI®, Siamese fighting fish, Betta splendens (Regan)
TB 40 AAHRI, Siamese fighting fish, Betta splendens

T8 267 AAHRI, Snakehead fish, Channa striata (Bloch)

TB 268 AAHRI, Snakehead fish, Channa striata

2NCIMB, National Collection Of Industrial and Marine Bacteria, Scotland.
®AAHRI, Aquatic Animal Health Research Institute, Bankok, Thailand.



as reduction in absorbance of 0.001/min.

Reduction cells of NBT-positive reduction in tilapia
head kidney macrophages after culture with myco-
bacteria ECP

Head kidney macrophages from non-vaccinated Nile
tilapia were incubated with ECP of Mycobacterium spp.
before assaying their ability to reduce NBT-positive
cells by the method described by Secombes (20).
Briefly, macrophages were isolated on 51%/34% Percoll
gradients and monolayers macrophage were prepared.
The cell number was adjusted to 1.0x107/ml in Leibovitz
medium (L-15) (Sigma) containing 1% (v/v)} penicillin/
streptomycin (pen/strep) and 0.1% (v/v} fetal calf serum
(FCS), and 100 l/well was added to the wells of a
96-well tissue culture plate (Nunc). In order to obtain
sufficient numbers of macrophages to carry out the
test in one tines of assay, cells from six control fish
were pooled. Macrophage monolayers were incubated
at 22°C for 2 h before washing the plate three times in
L-15 medium to remove non-adherent cells. L-15
medium containing 1% (v/v) penjstrep and 5% (v/v)
FCS was added to the wells (100 pl/well) and the
plates were incubated at 22°C overnight. On the
following day, culture medium was removed from the
macrophage monolayers and replaced with medium
containing the additives described above, to which 1,
10 or 100 ng/ml ECP from the mycobacteria had been
added. Diluted ECP was added to triplicate wells (100
uljwell).

After cuituring the macrophages with the various
ECP for 48h at 227, the respiratory burst of the
macrophage was assayed using reduction of NBT
reaction (Secombes 1993). Cuiture media were removed
from the wells and macrophage monolayers were
incubated for 30min at 22¢C with PBS containing
phorbol myristate acetate (PMA) (1 mg/m!) (Sigma).
The reaction was stopped by fixing the cells in me-
thanol. After washing twice with 70% (v/v) methanol,
the wells were air-dried and the resulting insoluble
formazan was dissolved by adding 120ul 2M KOH
and 140yl dimethyl sulfoxide (Sigma). The contents of
each well were carefully mixed and air bubbles re-
moved with a needle. The absorbance was determined
at 610 nm with a plate reader (Dynatech). The number
of macrophages per well was assessed for two control
wells. The number of nuclei released after incubating
the cells with lysis buffer (0.1 M citric acid, 1% Tween
20 and 0.05% crystal violet) was determined using a
hemacytometer. The results were adjusted to give an
absorbance at 610 nm per 10° cells.

Statistics

The results are presented as mean=*SE. Student's
ttest was used to calculate P and data were con-
sidered significant at P<0.05 (*) and P<0.001 (**).
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Results

NBT-staining of cells activated by ECP or adjuvants

To investigate the effect of ECP from the various
Mycobacterium spp. and conventional adjuvants on a
non-specific immune response of Nile tilapia, blood
and swim bladder neutrophils were activated by the
ECP of the various Mycobacterium spp. and the adju-
vants followed by NBT-staining. Fig.1 and 2 respec-
tively show the NBT-positive ceill numbers in the peri-
pheral blood and the swim bladder of Nile tilapia
previousty sensitized by mycobacterial ECP or adju-
vants. NBT-positive cells increased both in the blood
and in the swim bladder of the fish 4d after the
administeration of the various ECP and adjuvants
compared with control fish injected with PBS, with the
exception of neutrophils from the blood of fish injected
with FCA and FIA. By the eighth day, fewer NBT-
positive cells were found in the blood of fish immunized
with each kind of ECP or adjuvants than in the blood
of normal fish. In the case of the swim bladder,
mycobacteria strains TB40, TB267 and Titermax failed
to activate the cells, while only FCA considerably
stimulated the cells compared with any other groups
including negative control.

Lysozyme activity of cells activated by ECP or adjuvants

It has been previously shown that serum lysozyme
concentration in fish increases following exposure to a
foreign material (Fletcher and White, 1973). Thus, we
examined the level of serum lysozyme activity in the
cells activated by ECP or adjuvants. The level of
lysozyme activity 4d after immunization was found to
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Fig. 1. Number of NBT-positive cells in the peripheral blood of Nile
tilapia injected with ECP from mycobacteria or adjuvants into their swim
bladders. Results are expressed as the mean number + 8D for four fish.
Control fish were injected with phosphate-buffered saline. ECP,
extracellular products; Mm, Mycobacterium marinum; FIA, Freund’s
incomplete adjuvant; FCA, Freund's complete adjuvant; N8BT, nitroblue
tetrazolium.



Non-specific Immune Response of Nie Ticoia

250
W TB40ECP

» T [ TB267 ECP
T 200 TBMm ECP
17} [m FA
o B8 Fca
> %
- . / Titermax
‘» 1SOJ é Bl Coentrol
o . 0
8 |
5 %
O 1001 //’
: %
3 .
: .
3 50 - 1 B
z %

|

1 HAER
4 8
Days

Fig. 2. Number of NBT-positive cells in the swim bladder of Nile tilapia
injected with ECP from mycobacteria or adjuvants into their swim
bladders. Results are expressed as the mean number + SD for four fish.
Control fish were injected with phosphate-buffered saline. ECP, extra-
cellular products; Mm, Mycobacterium marinum; FIA, Freund’'s incom-
plete adjuvant; FCA, Freund’s complete adjuvant, NBT, nitroblue tetra-
zolium. *, P< 0.05; **, P< 0.001.

be significantly higher in the serum of fish immunized
with ECP from the different mycobacteria or various
adjuvants than control fish (205 vs 135 unit/mi) (Fig. 3).
At day 8, the lysozyme activity of fish immunized with
TB40 or FIA was still greater than in the control fish.

In vitro activation of cells with ECP or adjuvants

To investgate whether ECP or adjuvants can induce
stimulation of macrophages from Nile tilapia in vitro,
NBT reduction assay was performed. Fig. 4 shows the
ability of ECP from a variety of mycobacteria and of
various adjuvants to stimulate head kidney macrophages
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Fig. 3. Serum lysozyme activity of Nile tilapia injected with ECP from
mycobacteria or adjuvants into their swim bladders. Results are
expressed as the mean units/mi:SD for four fish. Control fish were
infected with phosphate-buffered saline. ECP, extracellular products;
Mm, Mycobacterium marinum;, FIA, Freund’s incomplete adjuvant; FCA,
Freund’s complete adjuvant. *, P< 0.05; **, P< 0.001.

302

0.4

TB1 ECP
TB40 ECP
TB267 ECP
TB268 ECP

TBMm ECP
TBMf ECP
TBMc ECP
Controf

*
BoON
mE&Mm

0.3 .

0.2

0.1

Absorbance at 610 nm

R RNy
THIBNHIRI I

RRRRI
RIS

0.0-

-
—_
(o]
—
o
o

pg/ml

Fig. 4. NBT reduction by head kidney macrophages from Nile tilapia
after culturing in vitro with ECP from an array of Mycobacterium spp.
Results are expressed as the mean absorbance per 10° cells at 610 nm
for triplicate samples+ SD for four fish. ECP, extracellular products;
NBT, nitroblue tetrazolium; Mm, M. marinurm; Mf, M. fortuitum; Mc, M.
chelonae. *, P< 0.05.

after culturing in vitro for 48 h. The reduction of NBT
by the head kidney macrophages was used as a
measure of cell activation. Supplementing ECP into the
culture medium at 1yug/ml resulted in a significant
increase in NBT reduction by the macrophages. This
was found to be the case with all mycobacteria strains
examined. However, increasing the ECP concentration
to 10 or 100 pg/ml resulted in an immunosuppressive
effect on the macrophages (Fig. 4).

Discussion

The swim bladder was used in this study as a site for
administering antigens (Endo et al.,, 1995) and the
non-specific immune response to the antigens was
subsequently examined. The injection, sited above the
pelvic fin and midway between the pelvic fin and
lateral line, allowed entry into the swim bladder without
injury to the other visceral organs. Using this method,
it was easier to collect exudative cells from the swim
bladder than from the intraperitoneal cavity. Administra-
tion of antigen via the swim bladder has the advantage
of allowing a precise dose to be delivered, reducing
injury to other organs and allowing slow antigen
absorption. This slow absorption however produced
inflammation of the swim bladder wall. This was not
due to the injection, but rather due to the ECP or the
adjuvant, since the PBS control showed no signs of
inflammation.

The non-specific immune response in fish is often
reported to be a function of macrophage activity such
as phagocytosis and chemotaxis (Weeks and Warinner,
1986). Neutrophil activity, measured in the present
study, can also be an indicator of the non-specific
response. These cells become more adherent to tissue



cell surfaces by the production of adhesion proteins,
which facilitate their migration from the capillaries to
the sites of injury (Kishimoto et al., 1989; Magnuson et
al., 1989). They also exhibit increased production of
oxygen radicals (O,, OH) during the oxidative burst
process. These reactive species are capable of de-
stroying the invading pathogens (Hassett and Cohen,
1989). The ability of neutrophils to adhere to glass
allows NBT to be used as a differential staining to
measure the jevel of reactive oxygen species in the
cytoplasm of cells. In the presence of oxygen radicals,
the soluble dye changes from yellow to the insoluble
dark blue of formazan (Anderson, et al., 1992).

In the present paper, the numbers of NBT-positive
cells significantly increased in the blood and in the
swim bladder 4 d after mycobacterial ECP injection. It
is interesting to note that the numbers of NBT-positive
cells in the blood of all immunized groups were lower
than those of the control group at day 8. It may be
that neutrophils migrated from the blood to the swim
bladder in the immunized groups, thus reducing their
numbers in the blood. Serum lysozyme activity de-
tected 4 and 8d after the immunization was also
significantly increased compared with control fish. Chen
et al. (1996) reported that a primary intraperitoneal (IP)
vaccination of ECP from Mycobacterium spp. (strains
TB40, TB267 or Mycobacterium marinum) mixed with
FIA, followed by a secondary IP injection at 8wk,
resulted in elevation of both the non-specific and
specific immune responses of rainbow trout. [ncreased
NBT reduction and phagocytic activity were observed
in these fish, with peaks in activity at weeks 2 and 6
post-primary immunization and with a third peak at
week 10 post-primary immunization. Lysozyme activity,
on the other hand, peaked at week 2 and again at
week 8 post-primary immunization, with the exception
of the TB40 immunized group. A third peak of lysozyme
activity was observed at week 10 post-primary immuni-
zation. Type Il lysozyme has been found to have a
strong antibacterial effect in rainbow trout against four
Gram-negative fish pathogens, Vibrio anguillarum, V.
salmonicida, A. salmonicida and Yersinia ruckeri (Grinde,
1989). While the usual response to stress and handl-
ing of fish caused a decrease in lysozyme concen-
tration, immunization with ECP from Mycobacterium
spp. resulted in an increase in this activity.

Culturing macrophages in vitro with media supple-
mented with low levels of Mycobacterium ECP (1 pg/ml)
enhanced the macrophages’ ability to reduce NBT.
Increasing these levels, however, had an immunosup-
pressive effect on the macrophages. The outer mem-
brane proteins of A. salmonicida (1 pg/ml) have also
been reported to produce a stimulatory effect on the
respiratory burst of head kidney macrophages from
Atlantic salmon, Salmo salar L., measured by NBT
reduction (Francis and Ellis, 1994). Rainbow trout head
kidney macrophages similarly exhibited an enhanced
NBT reduction when cultured in vitro with media sup-
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plemented with 1ug/ml of Mycobacterium ECP (data
not shown).

Because of the sensitivity of the fish’s immune
system, immunological markers can be used to monitor
the health of a fish population. Neutrophil activity can
indicate the health status of fish. NBT activity is posi-
tively correlated with phagocytosis and killing activity of
neutrophils and macrophages. Establishing the level of
neutrophil activation by NBT staining after vaccination
may help to verify the effectiveness of immunization
(Anderson et al., 1992).

ECP from Mycobacterium spp. and the adjuvants
used in the present study all appear to be good
stimulators of the non-specific immune responses of
Nile tilapia. Increases in both NBT reduction and
lysozyme activity were induced when they were admin-
istered via the swim bladder. Mycobacteria are able to
function as intracellular parasites, surviving within macro-
phages (Armstrong and Hart, 1971). Studies are con-
tinuing to investigate the intracellular survival of myco-
bacteria in the fish macrophages and the administra-
tion of antigen via the swim bladder.
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