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ABSTRACT: The antibacterial activity present in the s k ~ n  mucus of turbot Scophthalmus maximus, 
seabream Sparus aurdtd and seabass Dicentrarchus labrdx against Pasteul-ella piscicida and Flex~bac- 
ter maritimus was evaluated. Using assays on agar plates, none of the mucus samples from the above 
fish showed any antibacterial activity against E maritimus isolates. Turbot mucus inhibited the growth 
of the P piscicida but mucus from seabream and seabass did not. Assays in liquid systems to determine 
the survival of the above pathogens In the presence of skin mucus corroborated the results obtained by 
the agar plate method. The bactericidal properties of the mucus were lost after heat treatment at pH 3.5 
and all skin mucus samples displayed act~vity against Staphylococcus aureus ATCC 25923, a straln 
resistant to lysozyme. These findings indicated that thermolabile substances other than lysozyme were 
responsible for the antibacterial activity in mucus of marine fish. Enzymatic and heat treatments of the 
mucus also showed that factors other than complement were involved and that the active component(s) 
was likely a glycoprotein. Regardless of the source of isolation and degree of virulence, all P piscicida 
and E maritimus strains adhered strongly to the skin mucus of the 3 fish species tested. Taking all of 
the foregoing results into consideration, it appears that whereas a possible portal of entry for E mari- 
tlmus Into the fish body is the skin, in P piscicida another pathway must be involved. 
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INTRODUCTION 

Bacterial adhesion to tissue surfaces of fish is impor- 
tant during the initial stages of infection (Thune et  al. 
1993, Toranzo & Barja 1993). However, fish body sur- 
faces are covered with a layer of mucus with antibac- 
terial properties that protects against colonization by 
potential pathogens (Harrel et  al. 1976, Austin & McIn- 
tosh 1988). These antimicrobial effects of body mucus 
a re  therefore valuable to fish a s  a first line of defense 
against infection. 

Pasteurellosis and flexibacteriosis, caused respec- 
tively by the halophilic bacteria Pasteurella piscicida 
and Flexibacter maritimus, a re  fish diseases that cause 
problems in marine aquaculture. l? piscicida is one of 
the main agents responsible for economic losses in 
cultured yellowtail Seriola quinqueradiata in Japan.  
Indeed, since 1990 this bacterium has also caused 

serious disease outbreaks in the culture of seabream 
Sparus aurata and seabass Dicentrarchus labrax in 
European countries (reviews by Toranzo et  al. 1991, 
Kitao 1993, Kusuda & Salati 1993). E maritimus is 
widely distributed among marine fish cultured mainly 
in Japan and Europe (Campbell & Buswell 1982, Wak- 
abayashi et  al. 1986, Bernardet et  al. 1990). In Spain, 
pathological problems attributable to this microorgan- 
ism have increased considerably during the last few 
years and it poses a threat to the culture of turbot 
(Scophthalmus maximus) and  salmon (Salmo salar and 
Oncorhynchus kisutch) (Devesa et  al. 1989, Pazos et al. 
1993, Toranzo et al. 1993). 

The mode of transmission and route of infection 
involved in these diseases are  still uncertain. The 
importance of skin a s  a portal of entry for Pasteurella 
piscicida and Flexibacter maritimus has not been 
explored. Consequently, the role of the external mucus 
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layer as a barrier to infection is not known. In the pre- 
sent study, th.e antibacterial activity of skin mucus from 
different marine fish species against several P pisci- 
cida and E maritimus isolates was studied and the 
nature of the biologically active substance(s) in the 
mucus was investigated. In addition, the ability of both 
pathogens to adhere to glass surfaces coated with 
mucus from the fish was also determined. 

MATERIALS AND METHODS 

Strains. Strains of Pasteurella piscicida and Flexibac- 
ter maritimus from different sources were used in this 
work (see Table 1). Pathogenic isolates of Vibrio 
anguillarum (R-82 and RG-111) and V damsela (ATCC 
33539) (Toranzo & Barja 1993) were included in the 
study for comparative purposes. Staphylococcus 
aureus ATCC 25923, a straln resistant to lysozyme, was 
used as a control. The I? piscicida strains were cultured 
on Brain Heart Infusion Agar (BHIA) (Oxoid, Ltd, Bas- 
ingstoke, Hampshire, UK) supplemented with NaCl to 
a final concentration of 2 %  (BHIA-2) and the F: mar- 
itimus isolates were cultured on a E maritimus medium 
(FMM) (peptone, 0.5%; sodium acetate, 0.001 %; yeast 
extract, 0.5 %; and agar, 1.5 %; prepared in seawater) 
as described by Pazos et al. (1993). 

Infectivity trials. After fish stocks were determined 
to be free of bacterial pathogens by microbiological 
analysis of the internal organs, infectivity trials were 
performed as previously described (Magarinos et al. 
1992b) in fingerling turbot, seabream, and seabass 
(average weights 8 to 10 g) .  The challenge was admin- 
istered as an intraperitoneal injection of 0.1 m1 of bac- 
terial suspension containing from 103 to 108 cells (10 
fish per dose). Control fish were similarly injected with 
saline solution. Mortalities were attributed to the inoc- 
ulated bacterium if the injected organism was recov- 
ered in pure culture from the internal organs. The 
degree of virulence (LD3,  lethal dose 50 %) was deter- 
mined by the Reed & Miiench (1938) method. In the 
case of Flexibacter maritimus, this assay was only per- 
formed in turbot using a single dose (between 10' and 
107 cells per fish). 

Bactericidal assay of the surface mucus. The mucus 
was scraped from the skin of 8 healthy turbot, 8 sea- 
bream, and 8 seabass with a glass slide which was 
passed along the animals from the caudal peduncle to 
the operculum. The mucous material was dissolved in 
sterile seawater or saline solution (SS: 0.85% NaC1) 
(0.1 m1 mucus per 2 m1 seawater or SS), mixed thor- 
oughly, filter sterilized, and stored at -30°C until used. 

The antibacterial activity of the different skin m.ucus 
preparations was tested by 2 different procedures. The 
assays were conducted in triplicate and the means and 

their associated standard deviation (SD) values were 
calculated. 

(1) Assay on solid media: The classical disc diffu- 
sion method on agar plates was employed (Fouz et 
al. 1990). Bacteria were resuspended in SS or sea- 
water to a concentration of 105 to 10" cells ml-' and 
then seeded on plates of BHIA-2 or FMM, depending 
on the strain tested. After an absorption period of 
15 min, sterile 6 mm diameter discs impregnated with 
20 p1 of the mucus preparations were applied to the 
agar plates. Incubation was at 25OC for 24 h for Pas- 
teurella piscicida, Vibrio anguillarum, and V damsela 
or 72 h for Flexibacter maritimus, and at 37OC for 24 h 
for Staphylococcus aureus. The antibacterial activity 
was evident as a zone without bacterial growth 
around the disc. 

The presence of lysozyme activity in the skin mucus 
was evaluated microbiologically on mucus prepara- 
tions that had been heated to 100°C for 10 min follow- 
ing adjustment to various pH values (3 to 9) (Takahashi 
et  al. 1986). 

(2) Survival and growth ability of the strains in skin 
mucus: This assay was conducted only with turbot 
mucus because in the previous plate assay this was the 
only mucus to show an antimicrobial effect. The iso- 
lates were inoculated at  a concentration of approxi- 
mately 10' cells ml- ' (Pasteurella piscicida, Vibrio 
damsela and V anguillarurn) or 106 cells ml-' (Flex- 
ibacter maritimus) in sterile seawater supplemented 
with skin mucus (100 p1 ml-l). At different times, sam- 
ples (0.1 ml) were taken and spread onto plates of 
BHIA-2 or FMM media. The number of colonies was 
counted after incubation at 25'C for 24 or 72 h (de- 
pending on the strain tested). For reference purposes, 
viable counts were also made on bacteria suspended in 
seawater alone. 

Effect of enzymatic and heat treatments on the anti- 
microbial activity of mucus. The effect of various 
enzymes on the antibacterial activity of the skin mucus 
of turbot (against PasteureNa piscicida and Staphylo- 
coccus aureus) and of seabass and seabream (against 
S, aureus) was evaluated using solutions (1 mg ml-') in 
SS of the following enzymes (Sigma): proteinase K ,  
trypsin, P-galactosidase, achromopeptidase, lysozyme, 
P-amylase, and lipase. Mucus preparations were 
mixed with the enzyme solutions (ratio 1: l )  and incu- 
bated for I h at 37°C. The residual activities of the 
mucus preparations were assayed by the paper disk 
diffusion method on BHIA-2 plates previously seeded 
with the P piscicida or with S. aureus. Disks impreg- 
nated separately with untreated mucus and enzyme 
solutions were included as controls. 

To determine the possible involvement of comple- 
ment in the antibacterial activity, the mucus prepara- 
tions were heated as follows: 47°C for 30 min, 56°C for 
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20 min and 80°C for 10 min. Following this, the mucus 
preparations were assayed for antibacterial activity by 
the disc diffusiodagar plate method. 

Adherence to skin mucus. The assay was performed 
by the method of Krovaceck et al. (1987). Mucus 
preparation (50 p]) was placed on glass slides and left 
overnight to air-dry following fixation for 20 min with 
absolute methyl alcohol. Ten m1 of bacterial suspen- 
sions (2 X 105 cells ml- l )  in SS or seawater was added to 
mucus-coated slides in petri plates. The plates were 
incubated at room temperature for 1 h with continuous 
gentle shaking and washed several times with sterile 
seawater or SS. The slides were then air-dried at room 
temperature for 12 to 14 h, fixed with absolute methyl 
alcohol (20 min at room temperature), and stained with 
crystal violet for 2 min. Following this, the slides were 
washed and air-dried. Finally, the slides were ob- 
served under the light microscope and the number of 
bacteria attached to 1 mm2 of the mucus-coated glass 
slides was determined. The assays were performed in 
duplicate. 

To rule out possible influence of the alcohol fixation 
treatment on adherence and, hence, to simulate more 
natural conditions, we also repeated the adherence 
experiments using only air-dried mucus. Control tests 
using uncoated glass slides were performed. In addi- 
tion, strains of Vibrio harveyi and V fischeri (kindly 
supplied by J.  J.  Borrego, Departamento de  Microbio- 
logia, Facultad de  Ciencias, Universidad d e  Malaga, 
Spain), lacking the ability to adhere to fish mucus, 
were used as negative controls. 

RESULTS 

Bactericidal assay 

Table 1 summarizes the findings with the various 
mucus samples and bacteria tested. All Flexibacter 
maritimus strains tested resisted the antimicrobial 
activity of skin mucus from the different fish species 
evaluated. All isolates of Pasteurella piscicida were 
sensitive to the antibacterial action of turbot mucus 
but were resistant to the action of seabream and 
seabass skin mucus. The strains of Vibrio anguillarum 
tested showed similar results to P piscicida; V 
damsela was resistant to all mucus samples; and the 
Staphylococcus aureus strain was susceptible to all of 
the mucus san~ples.  

The Staphylococcus aureus ATCC 25923, employed 
as an indicator for the presence of lysozyme, was very 
sensitive to the action of all of the mucus samples 
assayed. However, the sensitivity of this bacterium to 
the different skin mucus samples disappeared when 
the samples were heated at 100°C in the acidic buffer 

Time (hours) 

Fig. 1 Survival of representative strains of Pasteurella pisci- 
cida and Flexibacter rnaritimus in preparations of skin mucus 
of turbot Scophthalmiis maximus. (I) l? piscicida D1 21;  
(m) E niaritimus NCIMB 2154. Vibrio anguillarurn R-82 ( A )  
and V: darnsela ATCC 33539 (0) isolates were  included for 
comparison. Arrowheads indicate values below the detection 

limit. Vertical bars represent standard deviations 

(pH 3.5). These results were obtained whether or not 
the mucus was dissolved in seawater or SS. 

Fig 1 is representative of the survival observed 
when the various Flexibacter maritimus and Pas- 
teurella piscicida isolates were suspended in seawater 
containing turbot mucus. The F. maritimus isolates all 
survlved the exposure, although initially they expen- 
enced a slight drop in the population of viable cells. In 
contrast, turbot mucus exerted a strong and rapid 
antimicrobial effect on the P piscicida isolates, no 
viable I! piscicida cells being detectable within 2 h. 
Indeed, by 30 min, no viable l? piscicida cells were 
detectable (data not shown). The effect of turbot mucus 
on the Vibrio anguillarum strains was less marked than 
on P piscicida and was negative on the V damsela 
isolate. All isolates survived well in the controls (sea- 
water) maintaining the same or higher viable cell pop- 
ulation~ than present at time zero (data not shown). 

Properties of the antibacterial molecule(s) 

The effect of heat and enzymatic treatments on the 
antibacterial substance(s) in the mucus is shown in 
Table 2. The antibacterial activity was completely lost 
on treatments at 80°C for 10 min. Moreover, the mucus 
dissolved in SS (free of Ca2+ and Mg2+) showed the 
same antibacterial activity as  that of mucus dissolved 
in seawater. These data suggest that the antibacterial 
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Table 1 Effect of the skin mucus from different marlne flsh agalnst Pasteurella plsciclda and Flex~bacter ~nar~tlrncls  stralns 

Strains 

- 
P piscicida 

D1 21 
D1 71 
B 32 
B 51 
10831 
IT- 1 
MP-7801 
EPOY-8803-11 
ATCC 29690 
ATCC 17911 
P-3333 
ATLIT 2 

E nmaritimus 
NCIMB 21.53 
NCIMB 2154 
NCIMB 2158 
386 
394 
SP 9.1 
SE 30.1 
RA 79.1. 
RP 67.1 
RP 70.1 
RPM 539.1 
RPM 562.1 

Seabream, Spain 
Seabream. Spaln 
Seabream, Spain 
Seabass, Spain 
Seabass. France 
Seabream, Italy 
Yellowtail, Japan 
Red grouper, Japan 
Yellowtail, Japan 
White perch, USA 
Amberjack, Japan 
Striped bass, Italy 

Black seabream, Japan 
Red seabream, Japan 
Dover sole, UK 
Red seabream, Japan 
Red seabream, Japan 
Atlantic salmon, Spain 
Pacific salmon, Spain 
Turbot, Spain 
Turbot, Spain 
Turbot, Spain 
Turbot, Spain 
Turbot, Spain 

Donor" Pathogenlclty h Source of mucus 
Turbot Seabream Seabass 

- - 

A. E. Toranzo 
A. E. Toranzo 
J. Borrego 
J .  Borrego 
F. Baudin-Laurencin 
G. Giorgetti 
T Kitao 
K. Muroga 
ATCC 
ATCC 
R. Kusuda 
A. Colorni 

NCIMB 
NCIMB 
NCIMB 
H.  Wakabayashi 
H.  Wakabayashi 
A. E .  Toranzo 
A. E. Toranzo 
A. E. Toranzo 
A. E.  Toranzo 
A. E.  Toranzo 
A. E.  Toranzo 
A. E. Toranzo 

1 Controls: 

Vibrio anguillarum 
R-82 (Ol)* Turbot, Spain A. E. Toranzo 102-104 S (10 i 0.5) R R 
RC-111 (02)  Turbot, Spain A. E. Toranzo 1 03- 1 04 S ( 1 1 i 0 . 2 )  R R 

I V darnsela 
ATCC 33539 Damselfish, USA ATCC 

Staph ylococcus a ureus 
ATCC 25923 Clinical isolate, USA ATCC 

"ATCC: American Type Culture Collection, Rockville, MD, USA; NCIMB: National Collections of Industrial and Marine 
Bacteria, Aberdeen, Scotland, UK 

hThe pathogenicity of P piscicida and Vibrio controls is expressed as the range of LD50 values on different fish species 
(seabream, turbot and trout) (Magarinos et al. 1992b. Toranzo & Ba j a  1993). N T  not tested 

'R: resistant; S: sensitive. Values in parentheses indicate the diameter (mean + SD) of inhibition zones in mm 
"erotype of the V anguillarum strains used 

activity in mucus was not due  to complement but 
rather to other thermolabile substance(s). 

The antibacterial activity exhibited by the vanous 
preparations against Pasteurella piscicida, Vibrio an- 
guillarurn and Staphylococcus aureus was totally 
eliminated by treatmen.t with proteinase K and P-gal- 
actosidase and partially eliminated by trypsin and 
achromopeptidase. None of the other nonproteolytic 
enzymes had any effect. Table 2 illustrates the results 
for turbot mucus but the same findings held true for 
seabass and seabream mucus. These results suggest 
that the antibacterial substance is a glycoprotein. 

Adherence assays 

All Pasteur-ella piscicida and Flexibacter rnaritimus 
isolates adhered strongly to the turbot, seabream, and 
seabass skin mucus, values for attached cells ranging 
from 10' to 103 cells mm-2 depending on the strain. Dif- 
ferences between repli.cates were always lower than 
0.5% F: maritimus strains also showed some (slight) 
adherence to uncoated slides, but P ppiscicida strains 
did not bind at all to uncoated glass surfaces. As 
expected, the Vibrio strains used as negative controls 
showed no adherence to coated or uncoated slides. 
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Table 2. Activity of the turbot Scophthalmus maximus mucus against seabass (Ceschia e t  al. 1990, Baudin-Lau- 
Pasteurella piscicida, Vibrio anguillarum, and Staphylococcus aureus rencin et  al. 1991, Toranzo et al. 1991) but 
after the enzymatic and heat treatment. +- positive, (+). moderate, never in  turbot et 1993), 

-: negative 
Specific and nonspecific antimicrobial 

Inhibition treatment P piscicida V anguillarum S. aureus 
(8 strains) R-82 ATCC 25923 

Enzymes 
Proteinase K - - - 
Trypsin ( + l  (8Id (+l  (7) (+l (10) 
p-Galactosidase - - - 
Achromopeptidase (+) (9) l+) (7) (+I (91 
P-Amylase + (14) + (10) + 1161 
Llpase + (14) + (11) + (17) 
Lysozyme + (14) + (11) + (17) 

Temperature 
47"C, 30 min 
56"C, 20 min 
80°C, 10 rnin 

Mucus without treatment + (14) + (10) + (17) 

factors including complement, lysozyme, 
C-reactive protein, immunoglobulins, prote- 
ases, lectin-like molecules, and glycoproteins 
have been reported to occur in mucus (Alex- 
ander & Ingram 1992). These substances may 
function a s  natural defence factors by pre- 
venting the colonization of fish surfaces by 
microorganisms and the penetration of bacte- 
ria into the body. 

It is well recognized that the temperatures 
for inactivation of fish complement range 
from 42 to 50°C (depending on the fish spe- 
cies) and that the activation of the comple- 
ment system is dependent on the presence of 
Ca2+ and Mg2+ (Sakai 1992). In our study, the 

Adherence of the strains was not affected by the salt 
solution in which the mucus was dissolved (SS or sea- 
water). In addition, the mucus fixation method did not 
influence the ability of the strains to bind to coated 
slides. 

"Values in parentheses indicate the diameter of Inhibition zones in mm 

DISCUSSION 

activities of the different mucus preparations 
were inhibited at temperatures higher than 

Pasteurella piscicida and Flexibacter maritimus con- 
stitute 2 phenotypically, serologically and molecularly 
homogeneous taxa (Wakabayashi et al. 1986, Bernar- 
det et al. 1990, Toranzo et  al. 1991, Magarixios et al. 
1992a, b, Pazos et  al. 1993) and the results of this study 
confirm that homogeneity. Constituent strains of each 
taxon were uniform in their responses to the antibacte- 
rial effects of mucus and in their ability to attach to 
mucus. 

The bactericidal assays demonstrated that skin mucus 
of turbot, seabream, and seabass did not contain com- 
pounds that inhibited the growth of Flexibacter mar- 
itimus isolates, a result similar to that reported by 
Al-Harbi & Austin (1992) for a fish-pathogenic Cyto- 
phaga-like bacterium. This resistance to the antibacter- 
ial effects of mucus could help to explain the fact that the 
primary site of infection by F maritimus is the body sur- 
face, where ulcerative skin lesions are  the lesions typi- 
cally produced (Campbell & Buswell 1982, Devesa et  al. 
1989, Toranzo et al. 1993). With Pasteurellapiscicida, all 
strains were susceptible to turbot mucus but not to 
seabream and seabass mucus. These observations may 
well explain why all disease outbreaks in Europe due to 
l? piscicida have to date occurred in seabream and 

56°C. Further, mucus dissolved in saline solu- 
tion (free of divalent cations) showed the same antibac- 
terial properties as mucus dissolved in seawater. 
These data indicate that the antibacterial activities of 
the skin mucus from the fish species tested were not 
due  to complement. 

In the present work, the loss of mucus activity after 
heat treatment at pH 3.5 and the sensitivity displayed 
by Staphylococcus aureus (ATCC 25923) demon- 
strated that lysozyme was not the main factor responsi- 
ble for the activity of mucus. Overall, the data indi- 
cated that other thermolabile antimicrobial substances 
exist in the skin mucus of marine fishes. These data are 
in accordance with those described by Takahashi et  al. 
(1987), Austin & McIntosh (1988) and Fouz et  al. (1990). 
In fact, the results of the enzymatic treatments re- 
vealed that the antimicrobial molecules were totally 
inhibited by proteinase K and by P-galactosidase, sug- 
gesting that they are  glycoproteins. 

The strains of Pasteurella piscicida and Flexibacter 
maritimus (regardless of their origin and degree of viru- 
lence) adhered strongly to glass slides coated with 
mucus from all of the fish species tested. However, be- 
cause l? piscicida was highly sensitive to the anti- 
microbial action of turbot skin mucus, the bacterium 
would likely be rapidly killed after attachment to the 
surface of turbot, thus negating turbot skin as a portal of 
entry. These findings indicate that a strong bacterial 
adhesion to a n  organ or tissue does not necessarily 
result in the occurrence of disease. Obviously, for prog- 
nostic purposes, it is worth knowing whether the mucus 
associated with a given organ or tissue is bactericidal. 

The homogeneity in the adherence patterns exhib- 
ited by the strains of Flexibacter maritimus and  Pas- 
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teurella piscicida found in this study was similar to that 
found for strains of Vibrio damsela (Fouz 1993) and V 
vulnificus biotype 2 (Amaro et al. 1993). In contrast, 
strains of Aeromonas hydrophila and V anguillarum 
described by Krovaceck et al. (1987) were hetero- 
geneous in this property. 

The results reported here suggest collectively that a 
possible portal of entry for Flexibacter maritimus into 
the fish body can be the skin. However, with Pas- 
teurella piscicida the pathways of entry may vary 
depending on the host. With some fish, infection may 
follow ingestion of the pathogen. Regardless of the 
route of entry (invasion) employed by a pathogen once 
it has succeeded in invading the fish, its success in 
establishing an infection or causing a disease will 
depend on other factors, including its ability to neutral- 
ize or evade the immune system of the fish and its abil- 
ity to scavenge the nutrients required for its growth. 
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