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F cells. The R cells are probably also involved; however, 
the low incorporation observed in fractions 4 and 5, 
where R cells were numerous, seems to indicate that their 
role in protein synthesis is limited. The same conclusion 
applies to E cells. It is also possible that some R cells of 
the type found in fractions 8 and 9, with very few lipid 
vacuoles and higher density, synthesize protein more ac- 
tively than old R cells. Taken together, the results indi- 
cate that the F cells are the major cell type implicated in 
protein synthesis in the decapod hepatopancreas (fig. 4) 
and support for the first time in vitro all the deductions 
made from ultrastructural studies on F cells 1, 9, 19 
Our results concerning the protein synthesis capacities of 
the various cell populations do not appear to correlate 
with those of Ahearn et al. 15, showing that the time 
course of 3H alanine uptake into purified R cells exhibits 
a sixfold higher rate of influx than that shown in F cell 
suspensions. However, the measured rates could be influ- 
enced by other factors. For example, the concentration 
of cold leucine in R cells may be higher than that in F 
cells. The intracellular pools in different cell types have to 
be determined. 
The F cells are also known to store digestive enzymes in 
vacuoles before secretion 17. Measurement of a-amylase 
activity confirms its presence in both of the F cell types. 
The difference of density between the two categories may 
correspond to the evolution of these cells toward B cells. 
Provided that care is taken only to pool animals which 
are all in the same physiological condition, dissociation 
and cell suspension techniques could offer a powerful 
tool for studying hormonal control of protein synthesiz- 
ing activities, even in complex organs like the crustacean 
hepatopancreas. 
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Abstract. The mechanism by which the fertilization envelope (FE) is able to protect the embryo of fish until hatching 
is almost unknown, except for its function as a physical barrier. FE extract from activated or fertilized eggs of the 
fish Salmo gairdneri was demonstrated to contain enzyme activities using an agar plate enzyme assay. The enzymes 
apparently active were carboxymethylcellulase (cellulase; EC 3.2.1.4), laminaranase (endo-l,3(4)-fl-glucanase; EC 
3.2.1.6), carboxymethylchitinase (chitinase; EC 3.2.1.14), xylanase (endo-l,4-fl-xylanase; EC 3.2.1.8), mannanase 
(mannan 1,2-(1,3)-a-mannosidase; EC 3.2.1.77), dextranase (EC 3.2.1.11), a protease and lysozyme (EC 3.2.1.17). 
The FE extract exerted an antifungal or fungicidal action on the fungus Saprolegnia parasitica, whereas an extract 
from the vitelline envelopes (VE) has no apparent enzyme activity nor antifungal or fungicidal action. Enzymes 
acquired by the FE through the cortical reaction may have an important defensive role, protecting the embryo against 
invaders or pathogens. 
Key words. Fertilization envelope; enzyme activities; antifungal action. 
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It is well known that whenever freshwater fish are han- 
dled or even slightly bruised, fungus infection is likely to 
follow 1, and that fungus disease in fish may sometimes 
spread after outbreaks in fish farms and streams 2. Of all 
the saprolegniacious fungi known to attack fish and fish 
eggs, Saprolegnia parasitica is most frequently implicat- 
ed 1-a. However, infection with Saprolegnia may be 
caused by some predisposing factor(s), such as bacterial 
infection 3-5, or water temperature, a fall in temperature 
being considered to be particularly conductive to out- 
breaks of the disease 1. Even in the latter case, however, 
it is likely that the fungus would attack weakened skin 
sites possibly resulting from the drop in water tempera- 
ture, as a secondary invader showing a close relationship 
with some unknown primary parasite, although there is 
experimental evidence that S. parasitiea can act as a 
lethal primary parasite of healthy fish 6. In addition to 
the detrimental effects of Saprolegnia on fish propaga- 
tion, it is known that a single fungus-infected egg in 
masses of eggs may form a focus of infection that spreads 
rapidly to the surrounding eggs, many of which are thus 
wasted a. Prompt removal of fungus-infected fish and 
eggs, together with sterilization of aquaria, are therefore 
crucial in commercial fish farming. 
The fertilization envelope (FE) is formed by transforma- 
tion of the pre-existing vitelline envelope (VE) in con- 
junction with activity of cortical granule or alveolus exu- 
dates during the cortical reaction, which involves 
formation and toughening of the FE and the establish- 
ment of polyspermy blocking by degradation of sperm 
receptors of the VE surface v- 9. In the fertilized or acti- 
vated fish eggs, the most striking and intriguing alter- 
ation in the process of VE-FE transformation is seen in 
the outermost layer of the FE, which differs in ultrastruc- 
ture, cytochemistry and immunohistochemistry from the 
VE outermost layer 10-14. In addition, FE extracts from 
artificially activated fish eggs were found to exert a bac- 
tericidal action on the bacteria Aeromonas hydrophila 
or Vibrio anguillarum, isolated from a fish farm and a 
diseased fish, respectively, whereas VE extracts had no 
such action 11,1 a. The main source of the FE extracts was 
the outermost layer, as confirmed by electron mi- 
croscopy and agglutination tests of fish sperm or human 
B-type erythrocytes 11, la. It is known that fungi do not 
grow on the FE surface enclosing the developing embryo, 
but do so rapidly on the FE residues after the embryo has 
hatched and on the FE enclosing a dead embryo; this 
suggests that the FE may have antifungal activity. This 
study was therefore designed to investigate whether FE 
extract from artificially activated eggs of the fish Salmo 
gairdneri shows antifungal enzyme activity against 
S. parasitica isolated from the body surface of a carp 
with mycosis. As reported here, FE extract was found to 
contain enzymes, known in plants as defense enzymes, 
that possess antifungal or fungicidal activity. 
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Materials and methods 
Mature eggs of the fish Salmo gairdneri were obtained 
from Gunma Prefectural Fisheries Experimental Station 
in Maebashi. The FEs were obtained from artificially 
activated eggs by immersing the mature eggs in fresh 
water, or from fertilized eggs 2 weeks after fertilization, 
and purified as described previously 11' 13. FE residues 
(FER) from fertilized eggs of the same species were col- 
lected about 24 or 48 h after the embryo had hatched. 
VEs were obtained in a similar manner to FEs. VE, FE, 
and FER extracts were lyophilized after extraction by 
methods described previously 11,13. 
An agar plate assay for enzyme activities was employed. 
Ten kinds of substrate were used as follows: barley fl-glu- 
can (Sigma) which consists of fl-l,3(4)-glucan; lichenan 
(Sigma) which consists of fl-l,3(4)-glucan; laminaran (in- 
soluble; purchased from Serva) which consists of over 
95% fl-l,3-glucan; carboxymethylcellulose (CM-cellu- 
lose; Sigma); carboxymethylchitin (CM-chitin; Fu- 
nakoshi Co., Japan); xylan (from oat spelts; Sigma) 
which consists of poly fl-l,4-xylopyranose; Micrococcus 
lysodeikticus dried cells (Sigma) which are very sensitive 
to lysozyme; casein (Nakarai Chemicals, Japan); dextran 
(Sigma), and mannan (from Saccharomyees cerevisiae; 
Sigma). Each substrate (10 mg dry weight) (apart from 
M. lysodeikticus dried cells, dextran and mannan) was 
prepared by heating in 2 ml of 50 mM phosphate buffer 
(pH 7.0) containing 0.85 % NaC1 (PBS). Laminaran and 
CM-chitin were then centrifuged to remove insoluble el- 
ements (3000 rpm for 15-20 min). 2 ml of dissolved sub- 
strate or supernatant was mixed with 8 ml of 2 % agar 
dissolved in PBS, and then spread on a Petri dish. When 
the agar had solidified, wells 4 mm in diameter were 
punched into the agar layer and filled with 10 gl of a 
lyophilized FE, FER or VE extract, or boiled FE extract 
(0.5, 1 or 2 mg/well) dissolved in PBS. Diameters of lysis 
haloes were photographed 16 h after incubation at 30 ~ 
FE extract was treated with pronase (Kaken, Japan) or 
trypsin type 1 (2 x crystallized, Sigma), to investigate 
possible inhibition of enzymatic activity: 24 mg of FE 
extract were incubated with pronase (ca. 90 PUK units) 
or trypsin (ca. 20000 BAEE units) in 50 mM PBS (pH 
7.6) for 1 h at 37 ~ The solution of FE extract (2 mg/ 
well) was subsequently boiled for 10 rain to inactivate 
pronase or trypsin activity and then poured into wells in 
agar containing one of the substrates. 
S. parasitica, previously grown in culture on Sabouraud 
dextrose agar (Eiken Chemicals Co., Japan) was used to 
determine the antifungal or fungicidal action of the FE or 
VE extract. Pieces of the fungus mycelium were suspend- 
ed in 50mM PBS (pH 7.0) containing 10mg of a 
lyophilized FE or VE extract per ml of PBS, and the 
suspension was incubated at 30 ~ with gentle shaking. 
Controls were mycelial fragments suspended in 50 mM 
PBS at 30 ~ without FE or VE extract. Aliquots (0.1 ml) 
of all the suspensions were placed on Sabouraud dextrose 
agar in Petri dishes 6, 12, and 24 h after incubation. The 
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plates were photographed 48 h later at room temperature 
(25 ~ 

Results 
The agar plate enzyme assay demonstrated enzyme activ- 
ity of  the FE extract, a halo around the wells in the agar 
plates indicating degradation of ten kinds of substrates 
(fig. 1). The sizes of haloes produced around the wells 
were found to be dose-dependent. The active enzymes 
included carboxymethylcellulase (ceUulase; EC 3.2.1.4), 
laminaranase (endo- 1,3 (4)-/3-glucanase; EC 3.2.1.6), car- 
boxymethylchitinase (chitinase; EC 3.2.1.14), xylanase 
(endo-l,4-/%xylanase; EC 3.2.1.8), dextranase (EC 
3.2.1.11), mannanase (mannan 1,2-(1,3)-~-mannosidase; 
EC 3.2.1.77), a protease and lysozyme (EC 3.2.1.17), 
although the latter was relatively inactive. These findings 
suggest that the FE extract may be able to protect the 
embryo by attacking fungal cell walls. Boiling of the FE 
extract for 10 rain had little effect on enzyme activity, 
except for that of lysozyme. There was no diminution of 
enzyme activity in FE extract obtained from FEs of fer- 
tilized eggs two weeks after fertilization, and even 24 h 
FER extracts still retained enzyme activity, although this 
was greatly reduced in comparison to that of the FE 
extract, a smaller halo forming around the wells (fig. 2). 
However, an extract from FERs collected 48 h after 
hatching was accompanied by a further reduction in en- 
zyme activity. FE extract treated with pronase formed 
very small or no haloes around the wells in agar contain- 
ing one of the substrates, whereas trypsinized FE extract 
did form haloes, comparable to those of the controls 
(fig. 2). In the agar containing M. lysodeikticus dried cells 
as a substrate, an obvious halo formation suggested that 
lysozyme might have been further activated by 
trypsinization (fig. 2 G). 
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To determine whether the action of the FE extract is 
antifungal or fungicidal, a suspension of S. parasitica 
mycelium in FE extract was incubated with gentle shak- 
ing at 30 ~ Prolongation of the incubation time in- 
creased inhibition of hyphal growth from the mycelium: 
incubation for 6 h considerably inhibited the growth of 
hyphae; incubation for 12 h resulted in poor growth of 
short hyphae from a few mycelial pieces, which was evi- 
dent even 48 h later, and incubation for 24 h resulted in 
complete inhibition of  hyphaI growth from all mycelial 
pieces (fig. 3). VE extract at the same concentration as 
that of the FE extract exerted neither antifungal nor 
fungicidal action (fig. 3), and no haloes were formed 
(data not shown). The pronase-treated and boiled FE 
extract exerted little effect on inhibition of hyphal 
growth, but the trypsinized and boiled FE extract was as 
efficient in this respect as was non-treated FE extract 
(~g. 3). 

Discussion 
Fungal cell walls consist of various polysaccharides, such 
as chitin, e-glucans,/~-glucans and mannans 15, that are 
responsible for the strength and integrity of cell walls, 
often existing in the form of chemical complexes with 
proteins and other sugars or polysaccharides 16,17. Each 
cell wall component appears to show a certain degree of 
stratification, as shown in a structural model for the cell 
wall is. Furthermore, it has been shown that/%l,3-glu- 
canases and chitinases are capable not only of attacking 
the cell walls of pathogens in vitro 19-z2 but also of 
inhibiting the growth of several fungi in the presence of 
a combination of both enzymes 23, 24. These data, togeth- 
er with the findings described here, suggest that enzymes 
in the FE extract may have acted synergistically on the 
cell wall of the fungus S. parasitica and exerted an anti- 

Figure 1. Agar plate assay for enzyme activity of FE extract. Each plate 
(A J)contains a substrate, as follows: A, barley/~-glucan; B, lichenan; C, 
laminaran; D, CM-cellulose; E, CM-chitin; F, xylan; G, M. lysodeikticus 
dried cells; H, casein; I, dextran; J, mannau. The numbered wells (1-4) 

in A contain 2-week FE extract (2 mg; from fertilized eggs 2 weeks after 
fertilization), FE extract (2rag), FE extract (1 mg) and FE extract 
(0.5 mg), respectively. The other plate wells correspond to the numbered 
wells in A. 
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Figure 2. Agar plate assay for enzyme activity of pronase-treated or 
trypsinized and boiled FE extract, or FER extract. (A-J) as in fig. 1. The 
numbered wells (1-4) in A contain 2 mg of pronase-treated and boiled 
FE extract, trypsinized and boiled FE extract (not boiled in well 2 in G), 

24 h-FER extract (24 h after hatching) and 48 h-FER extract (48 h after 
hatching), respectively. The other plate wells correspond to the numbered 
wells in A. In well 2 in G, the obvious halo formation suggests a further 
activation of lysozyme activity by trypsinization. 

Figure 3. Antifungal or fungicidal effect of FE or VE extract on inhibi- 
tion of hyphal growth from mycelial pieces. A, Mycelium incubated for 
24 h with suspension containing VE extract: hyphal growth is very vigor- 
ous. B, Mycelium incubated for 24 h with suspension containing FE 
extract: no hyphal growth. C, Mycelium incubated for 12 h with suspen- 
sion containing the FE extract: hyphal growth only in a few mycelia. D, 
Mycelium incubated for 24 h with suspension containing pronase-treated 

and boiled FE extract: very vigorous hyphal growN. E, Mycelium incu- 
bated for 24 h with suspension containing trypsinized and boiled FE 
extract: complete inhibition of hyphal growth, implying retention of 
enzyme activity in the FE extract. F, Control preparation incubated for 
24 h with mycelium alone in 50 mM PBS (pH 7.0) without FE extract: the 
surface of the Petri dish is covered with hyphae. 

funga l  or  fung ic ida l  a c t i o n  by  g r a d u a l l y  d iges t ing  the  

m a i n  c o m p o n e n t s  r e spons ib l e  for  s t r u c t u r a l  in tegr i ty ,  

s t a r t i ng  a t  the  ou t s ide  a n d  w o r k i n g  i nwards .  Thus ,  p ro -  

l o n g a t i o n  o f  the  i n c u b a t i o n  t ime  o f  the  F E  ex t r a c t  a n d  

f u n g u s  w o u l d  h a v e  e n h a n c e d  the  ac t ion .  

In  conc lus ion ,  F E  ex t r ac t  f r o m  ac t i va t ed  or  fer t i l ized 

eggs o f  Salmo gairdneri c o n t a i n s  en zy mes  t h a t  d e f e n d  the  

egg ag a i n s t  the  f u n g u s  t h a t  is the  m a j o r  cause  o f  mycos i s  

in  f ish a n d  f ish eggs 1, 25. T h e  m e c h a n i s m  by  w h i c h  the  

F E  is ab le  to  p r o t e c t  the  d e v e l o p i n g  e m b r y o  f r o m  in-  
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vaders or pathogens until hatching is probably related to 
the enzymatic properties of  the FE outermost layer, 
which are acquired through the cortical reaction, in addi- 
tion to the function of  the FE as a physical barrier. FE 
extracts have already been shown to exert a bactericidal 
activity 11,13. Further experiments are necessary to verify 
the presence o f  any antiviral defense mechanism. This 
information may lead to new insights into the function of  
the FE and the cortical alveoli. 
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Abstract. Roles for interleukin-2 (IL-2) and IL-4 in the generation of  routine allocytotoxine T lymphocytes (allo-CTL) 
in the primary and secondary responses were studied in vitro. The generation o f  allo-CTL in the primary response 
was inhibited by anti-IL-2 monoclonal  antibody (mAb), but was not inhibited by anti-IL-4 mAb. On the other hand, 
the generation of  allo-CTL in the secondary response was partially inhibited by either anti-IL-2 or anti-IL-4 mAb, 
and it was almost completely inhibited by the combination of  two mAbs. CD8 + cell-depleted splenocytes produced 
IL-2, but not IL-4, in response to alloantigens in the primary response, and these ceils produced both IL-2 and IL-4 
in the secondary response. Both exogenous IL-2 and IL-4 induced functionally active allo-CTL in the primary 
response from CD4 + cell-depleted splenocytes when these cells were stimulated with T cell-depleted allogeneic cells. 
These results suggest that the allo-CTL induction in the primary response is IL :-2-dependent and secondary allo-CTL 
induction is both IL-2 and IL-4-dependent, because unprimed CD4 + T cells produce IL-2, but not IL-4, whereas 
primed cells produce both IL-2 and IL-4 in response to alloantigens. 
Key words. Interleukin-2; interleukin-4; cytotoxic T lymphocytes. 

The growth and differentiation o f  cytotoxic cells are reg- 
ulated by soluble factors, o f  which interleukin-2 (IL-2), a 
lymphokine produced by activated helper T cells, has 
been shown to play a major  role in the generation of  
cytotoxic cells, such as allospecific cytotoxic T 
lymphocytes (CTL)1 and lymphokine activated killer 
(LAK) cells 2. On the other hand, IL-4, which is also 
produced by helper T cells, is demonstrated to have po- 
tency in the generation of  cytotoxic cells, in addition to 
its effect on B cells. Murine IL-4 induces alloreactive 
CTL 3 and L A K  cells 4 in in vitro cultures. In human 

systems, it was reported that IL-4 augmented the induc- 
tion of  allo-CTL in IL-2-supplemented cultures, whereas 
IL-2-mediated induction of  L A K  cells was inhibited by 
IL-4 5. 

Although activated helper T cells produce both IL-2 and 
IL-4, the roles of  these two lymphokines for allo-CTL 
induction in the primary and secondary responses are not  
well characterized. Recent studies have shown that 
murine helper T cells are composed of  at least two subsets 
that can be distinguished on the basis of  their patterns of  
lymphokine production 6. One subset, termed TM, pro- 


