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Abstract-l. The blue shrimp (Penaeus stylirostris) haemolymph is capable of agglutinating the red blood 
cells of several vertebrates to different titres. However, the haemagglutinin is considered non-specific 
because it is incapable of differentiating erythrocytes of human blood types A, B and 0. 

2. Haemagglutinating activity and serum protein content were determined for male and female blue 
shrimp ranging in size from 8.5 to 16 cm. Haemagglutinating activity decreased significantly with animal 
size, while protein content was unaffected. 

3. The above finding is probably related to maturation of the immune system and could explain the 
higher susceptibility of young shrimp to parasitic and viral diseases. 

INTRODUCITON 

The haemolymph of invertebrates contains agglu- 
tinins which have been proposed as an important 
component of its humoral defence system in contrast 
to vertebrate response which is characterized by 
immunoglobulins (Riigener and Uhlenbruck, 1984; 
Vasta and Marchalonis, 1983; Vasta et al., 1984b; 
Ratcliffe, 1985; Renwratz, 1983, 1986; Sminia and 
van der Knaap, 1987; Olafsen, 1988). These 
agglutinins have the ability to precipitate glycoconju- 
gates and to agglutinate cells, bacteria (Bayne, 1980) 
virus (McCumber et al., 1979) and protozoa (Pereira 
et al., 1981). In this way, they facilitate phagocytosis 
by opsonization (Coombe et al., 1984; Renwrantz 
and Mohr, 1978; Rtigener and Uhlenbruck, 1984), or 
by locating on the haemocyte surface (Vasta et al., 
1982, 1984a; Richards and Renwrantz, 1991). 

The involvement of agglutinins in the defense 
system of invertebrates has been supported by studies 
on the regulation of the synthesis of these proteins 
after challenging the animal by injury or pathogens 
(Komano et al., 1980, Kubo et al., 1984) and by 
studies that show changes in the serum level of 
haemagglutinating activity during infection (Loker 
and Hertel, 1987; Couch et al., 1990). However, only 
a few studies have been published on changes in 
haemagglutinating activity during the course of 
development, or when influenced by the age, sex or 
size of the animal (Komano et al., 1980, 1983; Bellah 
et al., 1988; Muramoto et af., 1991). Although some 
serum agglutinins have been studied and character- 
ized from marine crustaceans such as Homarus arner- 
icanus (Hall and Rowlands, 1974), Macrobrachium 
rosenbergii (Vasta et al., 1983) and Cancer antenarius 
(Ravindranath et al., 1985), little information is 
available about the serum level or activity of these 
proteins. This study determines the presence of 
haemagglutinating activity in the blue shrimp 
(Penaeus stylirostris) haemolymph and evaluates its 

reaction against human and animal erythrocytes, 
measures the total protein and haemagglutinin in the 
haemolymph of this decapod, and correlates these 
values according to shrimp size. 

MATERIAISANDMETHODS 

Shrimp collection and haemolymph extraction 

Male and female shrimp (Penaeus stylirostris) were col- 
lected from San Carlos Bay, B.C.S., Mexico. The water 
temperature was 21°C with a salinity of 36 ppt. The haemo- 
lymph (50-200~1) was obtained as previously described 
(Vargas-Albores and Ckhoa, 1992) by inserting a sterile 25 
gauge needle in the pleopod base of the hrst abdominal 
segment. Each sample was put into a 1.5 ml Eppendorf tube 
and kept at 10°C for transporting. In the laboratory, the 
cell-free haemolymph, or serum, was recovered by centrifu- 
gation for 10min in an Eppendorf microfuge and sub- 
sequent removal of the cell clot. Only the haemolymph from 
intermoult shrimp was used. For the haemagglutination 
experiments, we pooled the haemolymphs of 40 shrimp 
(male and female), obtained as described above. 

Experimental design 

To determine the influence of animal size on total serum 
protein concentration and haemagglutinating activity, the 
whole shrimp population and each sex was separated into 
three groups of different sizes: group A was comprised of 
animals ranging in size from 8.5 to ll.Ocm; group B from 
11.1 to 13.5cm, and group C from 13.6 to 16cm. 

Statistical comparison was accomplished using one-way 
analysis of variance (ANOVA-1W) or Student’s f-test. 
Statistical differences between groups were determined using 
Duncan’s multiple range test (Sokal and Rohlf, 1981). 
Differences were considered to be significant if the P value 
was less than 0.05. 

Chemical analysis 

The total protein content was measured according to 
Lowry et al. (1951) using bovine serum albumin (BSA) as 
a standard. 
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Table I. Haemagglutinating activity of 
the blue shrimp hemolymph against hu- 

man and other animals erythrocytes 

Erythrocyte Titre RHA 

Human A I:32 I .o 
Human B I:32 1.0 
Human 0 I : 32 I.0 
cow I:8 0.2 
Duck 1:8 0.2 
Mouse I:256 8.0 
Rabbit I:16 0.5 
Rat I:8 0.2 
Sheep I:8 0.2 

RHA = Relative haemagglutinating ac- 
tivity (human = 1.0). 

Haemagglutination test 

The human and animal blood samples (except for mice) 
were obtained by venous puncture, then collected and stored 
in sterile Alsever’s solution. The mouse blood was obtained 
by cardiac puncture and stored the same way. Before using, 
the cells were washed twice by centrifugation @OOg, 10°C 
10 min) with saline solution (NaCl 0.15 M) and twice with 
Tris buffered saline plus calcium (TBS-Ca: 50mM 
Tris-HCl, 100 mM NaCI, 10 mM CaCI,, pH 7.5). Finally, 
the red blood cells (RBC) were suspended to 2% (v/v) in 
TBS-Ca. The haemagglutination assays were performed on 
U-plates (Falcon). Two-fold serial dilutions of the shrimp 
serum were made in 25 ~1 of TBS-Ca; then, 25 ~1 of a 2% 
suspension of erythrocytes were added. The plates were 
incubated at room temperature (26 k 2°C) for 1 hr. The 
control was the substitution of shrimp serum by TBS-Ca. 
The agglutination titre was recorded as the reciprocal of the 
last dilution, giving evidence of agglutination at 1 hr of 
incubation. 

RESULTS 

Preliminary experiments showed that the blue 
shrimp (Penaeus stylirostris) haeinolymph is able to 
agglutinate human and other animal erythrocytes. 
The buffer used in the haemagglutination test was 
supplied with 10 mM Ca2+ because in crustaceans, 
this cation is depleted during clot formation (Durliat 
and Vranckx, 1981). In addition, a reduction in the 
haemagglutinating activity was observed when the 
haemolymph was dialysed against EDTA. To prove 
the presence of haemagglutinating activity on the 
blue shrimp haemolymph, the serum from 40 shrimps 
(male and female) was pooled. A panel of erythro- 
cytes from human and six other species of mammals 
was used to determine the species/type selectivity of 
this haemagglutinating activity. Apparently, the 
haemagglutinating activity was not specific because 
human RBC of types A, B and 0 were agglutinated 

Table 2. Total protein content and haemagglutinating activity 
(mean + SD) of the blue shrimp haemolymph 

Male Female 
(N = 14) (N = 23) P 

Size (cm) 12.93 + 1.49 12.65 + I .99 
Weight (g) 15.59 f 5.06 15.50 f 5.70 
Total protein (g/l) 53.05 k 7.92 53.69 + 7.19 0.8029 
Haemagglutinating 4.36 f 1.55 4.65 f 2.33 0.2163 

activity 

The titres are expressed as the inverse of maximum dilution which 
gives positive agglutination. Differences (P) were established by 
Student’s f-test. 

1 
. . 

. . 

. . m 

. 

. ro 

rrma m. 

. . . . 

. . . 

. . 

8 10 12 14 16 

Size (cm) 

J 

Fig. 1. Haemagglutinating activity of the blue shrimp 
(Penaeus srylirosrrb) haemolymph. The dotted line 

represents the mean of all data. 

in the same way (Table 1). On the other hand, the 
blue shrimp haemolymph displayed the highest 
agglutinability against mouse erythrocytes but did 
not react with horse RBC. All other erythrocytes 
from the tested animal species exhibited lower titre 
than human RBC. 

The haemolymph of 23 female and 14 male shrimps 
were used to determine individual haemagglutinating 
activity and total protein. Shrimps ranged in size 
between 8.5 and 16 cm, weighing between 5.4 and 
27.2 g. The data obtained are shown in Table 2. The 
results, analysed by ANOVA test, do not indicate 
significant sex differences (P > 0.10) for either 
protein content or haemagglutinating activity. 

As expected, a good correlation between size and 
weight was observed in both male (r = 0.9295) and 
female (r = 0.9652), as well as in mixed populations 
(r = 0.9502). For this reason, further comparisons 
refer to size only, assuming that similar results could 
be obtained with reference to weight. In contrast, a 
poor correlation between size (or weight) and 
haemagglutinating activity or protein content was 
found when the data were analysed separately for 
female, male, or mixed shrimp populations. Never- 
theless, despite the lack of a good linear correlation 
between size and haemagglutinating activity 
(r = -0.5312), a negative tendency was observed, 
indicating a size dependency (Fig. 1). 

To confirm this, the animals were classified into 
three groups according to size: A (8.5-11 cm), B 
(ll.l-13.5cm), and C (13.6-16cm) and their corre- 
sponding data were analysed by ANOVA one-way. 
The results showed important significant differences 
(P = 0.00 13) in haemagglutinating activity levels 
(Fig. 2), but no differences were observed in protein 
content. This was also observed when male and 
female shrimps were analyzed separately. 

A relationship between protein content and 
haemagglutinating activity was established. The 
haemagglutinating unit (HU) could be defined as the 
minimal protein quantity capable of causing aggluti- 
nation (protein concentration/titre). Using this 
quotient, the significant difference was maintained 
(Fig. 2b), indicating that haemagglutinating activity 
was independent of protein content. 
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Fig. 2. Size-dependence haemagglutinating activity in the 
haemolymph from blue shrimp (Penaeus stylirostris). The 
animals were separated into three groups and the titre (A) 
or haemagglutinating unit (B) were analysed by ANOVA 
IW. Differences (P < 0.05) are indicated by letter on 

S.E. bar. 

DISCUSSION 

Modifications in serum component levels have 
been observed in invertebrates under different physio- 
logical conditions. Example of these include changes 
in protein composition of American cockroaches 
haemolymph by immunization with proteins (George 
er at., 1987) and increases in both ecdysteroids and 
total protein of haemol~ph from Penaeus ~~a~ei 
during proecdysis (Ghan et al., 1988). Another good 
example was the observed decrease in both protein 
and sugar content of molluscan haemolymph during 
infection (Cheng et al., 1978, 1983; Muley and Fen, 
1981). Some authors support the idea that this 
phenomenon is produced when parasites consume the 
serum protein and carbohydrate (Becker and 
Htrtbath, 1975; Muley and Fen, 1981). However, 
environmental factors such as temperature and 
salinity may also influence haemolymph protein and 
carbohydrate concentration in mollusca (Fisher and 
Newell, 1986) and in crustacea (Spicer and Taylor, 
1987). Thus, it is possible that a resulting reduction 
in protein and/or carbohydrate concentration can 
facilitate the establishment of infection. Modifi- 
cations in serum component levels of shrimps have 
also been observed under special physioIogica1 or 
environmen~l conditions. The diet of Penaeus uan- 
namei (Cruz-Ricque et at., 1989) and the molt stage 

in Penueus japonicus (Chan et al., 1988) can alter the 
protein and/or sugar serum levels. In P. stylirostris 
the influence of animal size on serum osmolality has 
been observed (Vargas-Albores and Ochoa, 1992). 
However, in this work, modifications in the total 
serum protein content was not detected in P. stylros- 
tris, indicating that this parameter is unaffected by 
animal size. 

Osmotic pressure in shrimp is maintained by 
proteins, amino acids and ions in the haemolymph. 
In the blue shrimp, the ionic components have a good 
correlation with haemolymph osmolality (Vargas- 
Albores and Ochoa, 1992) and according to the 
results shown here, the participation of protein in this 
phenomenon is apparently low. Like other penaeid 
species (Castille and Lawrence, 1981a), the blue 
shrimp is a better osmoregulator during larval stages 
than when adult. However, they migrate from estuar- 
ine to ocean waters where the salinity is higher than 
isosmotic point. This migration is motivated more by 
reproductive than by nutritional or osmotic factors 
(Castille and Lawrence, 198lb). Thus, while the 
haemolymph ionic component is modified according 
to animal size and osmotic capacity, alterations in the 
protein content appear to be independent of these 
factors. 

Similar to agglutinin from other crustaceans (Vasta 
and Marchalonis 1983), blue shrimp aggIutinin is able 
to agglutinate human and other vertebrate erythro- 
cytes, but lacks serological specificity against human 
blood types A, B and 0 (Table 1). Since lectins are 
commonly found in body fluids and, by binding with 
defined carbohydrate, are able to specifically ag- 
glutinate bacteria (Bayne, 1980), viruses (McCumber 
et al., 1979) and protozoa (Pereira et al., 1981) they 
were initially considered to function as part of a 
defense system (Ratcliffe, 1985; Renwrantz, 1986; 
Olafsen, 1988). Some invertebrate lectins have been 
shown to function as opsonins (Coombe et al., 1984; 
Renwrantz and Mohr, 1978; Rogener and Uhlen- 
bruck, 1984; Renwrantz, 1986) and this led some 
researchers to consider lectin binding as a first step in 
the recognition of foreign material (Riigener and 
Uhlenbruck, 1984; Vasta and Marchalonis, 1983; 
Ratcliffe, 1985; Renwratz, 1983, 1986; Sminia and 
van der Knaap, 1987; Olafsen, 1988). 

When animal size was correlated to haemaggluti- 
nating activity, an important difference was observed. 
The mean haemagglutinating activity for the whole 
population studied was 4.48, yet animals measuring 
less than 11.1 cm showed haemagglutinating activity 
values above the mean (Fig. 1). In contrast, animals 
15 cm or larger showed little haemagglutinating 
activity. Thus, it is possible to establish that shrimp 
size has a direct influence on haemagglutinating 
activity: from smaller shrimps (less than 11 cm) 
having elevated activity (1: 32-l : 256), to large 
shrimps (above 14.5cm) having a lower activity 
(1:2-l : 16). Since size is an indirect parameter of age 
or maturation, it follows that our results agree 
with other studies which correlated haemagglutinat- 
ing activity with age in the e&silkworm (Bellah et al., 
1988) and with ovarian development in the acorn 
barnacle (Muramoto et al., 1991). In the erisilkworm 
(~~i~~sa~ia r~ci~i), the haemagglutinating titres of 
the haemol~ph were independent of sex (Bellah 
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et al., 1988), similar to blue shrimp where sex differ- 
ences were not observed (Table 2). In the acorn 
barnacle (Megabalanus rosa) ovarian maturation was 
associated with maximum haemagglutinin levels, and 
decreased lectin levels during the spawning season 
(Muramoto et al., 1991). 

In the absence of information on shrimp agglu- 
tinins, and their physiological role, it is difficult to 
explain their modification in blue shrimp. However, 
it might be explained by associating our observations 
with those of other invertebrate studies. Dikkeboom 
er al. (1984), studying the maturation of the immune 
system of the pond snail (Lyrnnaea stagnalis), found 
that juveniles had fewer circulating haemocytes that 
adults. In addition, the cells from juvenile snails 
showed both mitotic activity and characteristics of 
less differentiated cells. From these results, they 
concluded that juvenile snails have a less developed 
cellular immune system than adults. This is consistent 
with a previous report on Biomphalaria glabrata 
(Stumpf and Gilbertson, 1978), where a low 
peroxidase activity is also manifested in the haemo- 
cytes from juvenile snails. This reduction in 
enzymatic activity and immaturity of the immune 
system is characterized by a higher susceptibility to 
the parasite Schistosoma mansoni (Granath and 
Yoshino, 1983). 

In the blue shrimp, the highest frequency of viral 
and parasitic disease is found during the early stages 
of development (Lightner, 1983). If the maturation of 
the shrimp immune system is similar to mollusca, it 
is possible that an immature immune system at the 
cellular level is responsible for the susceptibility 
found in larval and juvenile blue shrimp. The 
humoral response is probably more active in the 
early stages and decreases as the cellular mechanisms 
(and animal) mature. This hypothesis may explain 
the decrease in agglutinin levels since these proteins 
are responsible for humoral responses in invert- 
ebrates. 

Such immune system behaviour is not exclusive to 
invertebrate animals. It is also characteristic of 
immune response development in higher animals 
where a maturation of the cellular response is 
followed by maturation of the organism and a 
replacement of the humoral response (Kay, 1978; 
Stites and Cadwell, 1978). Therefore, in addition 
to a functional homology between vertebrate 
immunoglobulins and invertebrate agglutinins, a 
similarity in the maturation of both immune systems 
can be observed. The participation of the serum 
agglutinins, and the humoral response in early devel- 
opmental stages, support the idea that, despite the 
diversity of immune response, the immune system of 
both invertebrate and vertebrate animals may have a 
similar development. 
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