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Abstract. Hastuti SD, Barton MD, Pyecroft SB, Costabile M. 2020. Assay optimization for measuring the alternate complement pathway
activity in Asian seabass (Lates calcarifer). Biodiversitas 21: 3034-3040. Complement proteins are one component of innate immunity
present in fish. The measurement of complement activity in fish can be used to monitor the health status of fish. This is particularly
important in Asian seabass (Lates calcarifer) aquaculture, where disease can impact on productivity. We have found an optimal condition
assay for measuring the alternate complement pathway (ACP) activity of Asian seabass which includes Magnesium chloride (MgCl2)
concentration, buffer pH, incubation temperature and incubation time. The assay was optimized using pooled serum of Asian seabass,
diluted in Magnesium ethylenediamine tetraacetic acid gelatine veronal buffer (Mg-EDTA-GVB) and added with Rabbit red blood cells
(RRBC) suspension. Subsequently, the suspension was incubated and centrifuged. The supernatant was removed and transferred to a well
plate and the optical density (OD) was measured at 540 nm. The optimal condition obtained included a 7.5 mM MgCl2, pH optimum of 7.5,
25°C incubation temperature, and a 30 minutes incubation period. The presently developed assay was robust, rapid, and reliable to be used
in monitoring the health status of Asian seabass in aquaculture farms. It can be used as guidance in further immunological studies on this
fish.
Keywords: Alternate complement pathway, ACP, Asian seabass, assay optimization

INTRODUCTION
Asian seabass is an aquaculture species that is
intensively farmed in the Asia Pacific region. Disease in
intensive fish aquaculture leads to economic losses due to
decreased production. High standards of fish health
management including regular monitoring of fish health is
required to anticipate and detect the emergence of disease,
so that immediate treatment can be performed to avoid
mass mortality of the cultured fish. Non-specific immune
parameters, such as alternate complement pathway (ACP)
activity, could be important indicators of fish health.
Complement is one of immune system components that
plays an important role in innate defense mechanisms,
destroying microorganisms via the inflammatory reaction,
direct microbial killing, opsonization, phagocytosis,
immune complex elimination, and modulation of adaptive
immune responses (Holland and Lambris 2002; Kirschfink
and Mollnes 2003). Complement proteins are synthesized
as inactive forms which can be activated through a variety
of foreign substances (Holland and Lambris 2002). Three
complement pathways exist, defined as the classical (CCP),
lectin (LCP), and alternate (ACP) pathways (Holland and
Lambris 2002). These pathways can be activated either
alone or overlapping to initiate complement activity (Zhou
et al. 2012).

Several outcomes of complement activation have been
described such as elimination of pathogens by forming
pores in the cell membrane (Holland and Lambris 2002).
Phagocytosis or cytolysis of pathogens, solubilization of
immune complexes, and inflammation are examples of the
important roles played by complement in mediating innate
immune responses (Boshra and Li et al. 2006). Apart from
innate immunity, complement also plays a significant role
in modulating and enhancing the adaptive immune
response by binding to specific receptors forming antigenantibody complexes (Ag-Ig) through the CCP (Holland and
Lambris 2002). Thus, there are substantial connections
between innate and adaptive immune responses which are
mediated by complement (Boshra and Li et al. 2006).
ACP activity has been reported to be between 8 to 10
fold higher in fish than in mammals (Sunyer and Tort
1995) and displays activity over a broad temperature range
(Sakai 1992; Takahashi et al. 2012), suggesting that the
ACP may have greater importance compared to mammals
and acts as a powerful natural defense in poikilothermic
organisms (Holland and Lambris 2002).
Physiological changes, such as a change in nutritional
intake have been demonstrated to alter serum ACP activity
in fish. For example, a diet deficient in α-tocopherol or n-3
highly unsaturated fatty acids (HUFA) decreased ACP of
Gilthead seabream (Montero et al. 1998). It has also been
reported that increasing the level of vitamin C in the diet of
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Golden shiners can increase ACP levels (Chen et al. 2003).
Since complement has an important role in phagocytosis
and lysis of pathogens (Whyte 2007), any decrease in
complement activity will increase the susceptibility of the
fish to infection, while the infectious disease can further
decrease ACP activity (Hayman et al. 1992).
ACP activity can be used as an indicator of innate
immunity (Takahashi et al. 2012). Hence, it can be used as
a rapid diagnosis of fish health status and it does not
require the fish to be killed for sampling, as only a small
volume of serum is required for the assay. To date, studies
on fish complement are still limited and there is no
information about optimum conditions for measuring
complement activity in Asian seabass. Yano et al. 1988
reported different optimum conditions of ACP activity in
some fish suggested that standardization of the ACP
activity assay is required for each species. Therefore, the
objective of this study was to determine the optimum
conditions for assaying the ACP activity of Asian seabass.
The main factors that were analyzed included Mg2+ ion
concentration, buffer pH, incubation temperature, and
length of incubation required to measure activity. The
reproducibility of the assay was also assessed.

MATERIALS AND METHODS
Buffer
The EGTA-Gelatin Veronal Buffer (EGTA-GVB) was
used following the method described by Yano et al. 1988
with slight modifications. The buffer contained of 0.15 mM
CaCl2 (Chem supply, Adelaide Australia), 141 mM NaCl
(Chem supply, Adelaide Australia), 0.1% (w/v) gelatin
(Biochem, Australia), 1.8 mM Sodium barbital (Ajax
chemical, Sydney Australia), 3.1 mM Barbituric acid (Ajax
chemical, Sydney Australia), 10 mM ethylene glycol-bis
[β-aminoethyl ether]-N,N,N',N'-tetraacetic acid (EGTA)
(Sigma Aldrich, Australia), and 7.5 mM MgCl2 (Chem
supply, Adelaide Australia). The buffer was adjusted to pH
7.5.
Fish
A total of 20 juvenile Asian seabass ranging in size
from 15 to 25 cm in length were purchased from a local
supplier (Robbara broodstock sanctuary and hatchery,
South Australia). The animal research was approved by
Adelaide University Animal Ethics Committee with
approval number S-2015-104. Fish were kept for 12 weeks
in a circular plastic tank with a diameter of 2 m and 1 m
deep, equipped with a recirculation system for maintaining
water quality. The water temperature was maintained at 2225°C. The fish were fed on a commercial diet once a day
near satiation.
Serum
The fish were anaesthetized using 200 mg/L AQUI-S®
(AQUI-S New Zealand Ltd, Australia) and blood was
collected from the caudal vein using a 1 ml syringe with a
25G needle. Approximately 500 µL of blood was collected
from each fish and immediately centrifuged at 3000 g at
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4°C for 15 minutes. The serum was removed
(approximately 300 µL), pooled, aliquoted, and stored at 80°C until used.
Preparation of rabbit red blood cell (RRBC) suspension
Rabbit Red Blood Cells (RRBC) in Alsever’s solution
were purchased from Applied Biological Products
Management (Adelaide, Australia) and stored at 4°C until
used. On the day of use, RRBC was washed two times with
EGTA-GVB by centrifugation (1000 g for 5 minutes at
22°C) and suspended in the same buffer at 4x107 cells/ml
and used for the assay.
Hemolytic activity of ACP
Alternate complement pathway (ACP) was assayed as
described by Yano et al. (1988) with some modifications.
Briefly, Asian seabass serum was serially diluted in MgEDTA-GVB 1:16 to 1:64. 100 µL of RRBC suspension
was added into 200 µL of diluted serum, which was then
incubated at specific temperatures and incubation periods.
Following the incubation, the samples were centrifuged at
2000 g for 5 minutes at 22°C. A total of 100 µL of
supernatant was removed, transferred to a 96-well flatbottom plate (Sarstedt, Germany) and the optical density
(OD) was measured at 540 nm using a Thermo Scientific
Multiskan Ascent Microplate Reader Type 354. % lysis
was calculated using the following formula: % lysis =
[(OD540 test-OD540 blank)/(OD540 total lysis-OD540
blank)] x 100 (Costabile 2010).
Varying Mg2+ ion concentration
The GVB was prepared with varying concentrations of
MgCl2 (0, 0.5, 1, 2.5, 5, 7.5 and 10 mM). Pooled Asian
seabass sera were serially diluted from 1:16 to 1:64 in
EGTA-GVB. Next, 100 µL of RRBC suspended in GVB
buffer was added into 200 µL of diluted serum and was
incubated at 20°C for 2 hours. For each assay, controls
including a blank (200 µL of the buffer without serum) and
total lysis (200 µL water) were prepared for each assay.
After incubation, the samples were centrifuged at 2000g x
5 minutes at 22°C and 100 µL of supernatant were
transferred into a 96 well flat bottom plate (Sarstedt,
Germany). The absorbance was then measured at 540 nm
using an Ascent Multiskan microplate reader.
Varying pH of GVB buffer
Pooled Asian seabass serum was serially diluted in
EGTA-GVBS containing 7.5 mM MgCl2. The pH of the
buffer solution was varied between 6.5, 7.0, 7.5, 8.0, 8.5,
and 9.0. The ACP hemolysis reaction was performed at
20°C for 2 hours. The remaining steps were performed as
described above.
Varying incubation temperature
Pooled Asian seabass serum was serially diluted in
EGTA-GVBS buffer containing 7.5 mM MgCl2 at pH 7.5
and incubated at 15, 20, 25, and 30°C for 2 hours after
addition of the RRBC suspension. The remaining steps
were performed as described above.
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Varying assay incubation time
Serial dilutions of Asian seabass serum in 7.5 mM
MgCl2-EGTA-GVBS buffer at pH 7.5 were added to
100µL of RRBC suspension at 25°C. The samples were
incubated for 0, 5, 10, 30, 60, 90, 120, 150 and 180 minutes
and then processed as described above to determine the
optimum incubation time for the ACP assay.
Determining intra and inter-day variability
Once all the above conditions were optimized, inter and
intra-day variabilities were assessed. Aliquots of pooled
serum samples were assayed for a total of 20 times under
the optimal assay conditions (7.5 mM Mg2+, pH 7.5, 25°C
and 30 minutes incubation). The variability between
samples at 1:64 dilution was tested over ten days.
Statistical analysis
All experiments were conducted in triplicate. The data
were analyzed using GraphPad Prism 7.03 statistical
software. ANOVA analysis was performed to determine
the optimal concentration of MgCl2, pH, temperature, and
incubation time, while statistical column analysis with
Levy Jennings chart was used to determine inter and intraday variabilities. The percentages of coefficient variation
(CV) for inter and intra-day were also determined. A pvalue of < 0.05 was used for statistical significance.

Figure 1. Effect of MgCl2 concentration on the activity of the
alternate complement pathway of pooled Asian seabass serum.
The pooled sera were diluted 1:16 and incubated with RRBC for 2
hours at 20°C with 10 mM EGTA-GVB buffer pH 7. The data are
shown as the percentage of haemolysis at 540 nm (mean ± SEM).
ANOVA was used to compare the differences between
concentration of MgCl2. Data from n=3 experiments is shown.
Asterisk symbol represents significant differences among the
treatments (p ≤ 0.05)

RESULTS AND DISCUSSION
Effect of Mg2+ ion concentration on serum ACP activity
The presence of Mg2+ ion was essential for
complement-mediated activity, with almost no lysis of
rabbit red blood cells seen in its absence (Figure 1). As the
levels of Mg2+ ions increased, there was a corresponding
increase in RRBC lysis, with maximum lysis seen at 7.5
mM, with no significant change above this concentration.
As a result, 7.5 mM MgCl2 was used for all subsequent
experiments.
Effect of buffer pH on ACP activity
The effect of varying buffer pH on serum lytic activity
is shown in Figure 2. As the pH of the buffer raised from
6.5, the amount of lysis increased slightly, reaching a
maximum pH of 7.5. The data suggest that the assay is
relatively robust with little difference in ACP activity for
Asian seabass between pH 6.5 and 7.5. However, there was
a dramatic decrease in lytic activity beyond pH 7.5 with
activity lost at pH higher than 8.5. This may have been due
to the denaturation of protein components at this pH. As a
result, a pH of 7.5 was used for all experiments.

Figure 2. Effect of buffer pH on the alternate complement
pathway activity of pooled Asian seabass serum. The pooled
serum was diluted at 1:64 and incubated with RRBC for 2 hours
at 20°C in 10 mM EGTA and 7.5 mM MgCl 2-GVB. The data are
shown as the percentage of hemolysis at 540 nm (mean ± SEM).
ANOVA was used to compare the differences between
concentration of MgCl2. Data from n=3 experiments is shown.
Asterisk symbol represents significant differences among the
treatments (p ≤ 0.05)
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Effect of incubation temperature on ACP activity
Previous studies on fish have suggested that there is a
wide range of optimal temperatures for the activation of
fish complement. We initially investigated a broad range of
temperatures (Figure 3). Interestingly, there was no
significant difference in serum activity at the different
temperatures tested. However, maximal lysis of the RRBC
was seen at an incubation temperature of 25°C. Asian
seabass is widely distributed in tropical and sub-tropical
areas. It has a wide temperature tolerance ranging from 1540°C. The wide temperature which these fish can tolerate
may be one reason why there is no difference in serum
complement activity at the different temperatures tested.
Effect of incubation time on ACP activity
As with temperature, there is a range of biological
activities noted in the serum from various fish species. To
identify these differences, we tested a range of incubation
times on serum activity (Figure 4). As little as 30 min
incubation was sufficient to give complete lysis of the
RRBCs and the lytic activity remained constant at longer
incubation time. Based on the data, it was clear that 30
minutes was required for maximal complement activity
using these pooled serum samples. Because 30 minutes
incubation time was sufficient to yield maximal lysis, we
investigated concise incubation times (5, 10, and 20
minutes) to determine the kinetics of cell lysis (Figure 5).
The results indicated that as little as 5 minutes led to a
detectable increase in lytic activity, with maximum lysis
seen at 30 minutes.

Figure 3. Effect of incubation temperature on the alternate
complement pathway activity of pooled Asian seabass serum. The
serum was diluted 1:64 and incubated with RRBC for 2 hours in
10 mM EGTA, 7.5 mM MgCl2-GVB. Values express the
percentage of hemolysis at 540 nm (mean ± SEM). ANOVA was
used to compare the differences between temperature incubation.
Data from n=3 experiments is shown. There are no significant
differences in the lytic activity between different temperatures
(P≥0.05)

Figure 4. Effect of incubation period on the alternate complement
pathway activity of pooled Asian seabass serum. The serum was
diluted 1:64 and was incubated with RRBC at 25°C in 10 mM
EGTA, 7.5 mM MgCl2-GVB at pH 7.5. Values express the
percentage of hemolysis from the absorbance at 540 nm (mean ±
SEM). ANOVA was used to compare the differences between
incubation time. Data from n=3 experiments is shown. No
significant differences in the lysis activity between different time
incubation from 30 to 180 minutes, except between 0 and other
incubation time which is very significant

Figure 5. Effect of shorter incubation period on the alternate
complement pathway activity of pooled Asian seabass serum. The
serum was diluted 1:64 and incubated with RRBC at 25°C in 10
mM EGTA, 7.5 mM MgCl2-GVB at pH 7.5. Values express the
percentage of hemolysis at 540 nm (mean ± SEM). ANOVA was
used to compare the differences between incubation time. Data
from n=3 experiments is shown (P ≤ 0.05)
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Table 1. Intra and inter-assay variation results for complement
activity between morning and afternoon for ten days
Intra-day Variation
Overall mean (n =20)
Standard deviation
Standard error of mean
Coefficient variation (CV, %)
Inter-day Variation
Overall mean (n =10)
Standard deviation
Standard error of mean
Coefficient variation (CV, %)
% CV of means (morning-afternoon)

Morning
116
7.55
2.39
6.5

115.6
7.24
1.619
6.26
Afternoon
115.2
7.303
2.309
6.34
6.42

Figure 6. Investigation of intra-day variability of the assay for
ACP in Asian seabass pooled serum. The serum was diluted 1:64
and was incubated with RRBC at 26°C in 10 mM EGTA, 7.5 mM
MgCl2-GVB at pH 7.5 for 30 minutes for ten days every morning
and afternoon. Values express the percentage of hemolysis from
the absorbance at 540 (mean ± SEM). A paired t-test was used to
analyze the variation of ACP between morning and afternoon.
Data from n=3 experiments is shown. CV = 6.26%

Assay reproducibility
The pooled serum samples were assayed twice daily for
ten days at a dilution of 1:64, a dilution where significant
lysis of the RRBCs was seen. The procedure was
performed to access the reproducibility of the assay. There
was no significant change in serum activity over this time
(Figure 6). The intra-day coefficient of variation was
6.26% (Table 1), while the inter-day coefficient of
variation was 6.42%, again suggesting little inter-assay
variation between morning and afternoon testing. This
indicates that the assay was robust and not prone to
dramatic changes in lysis. Pooled serum samples can thus
be reliably used as internal controls for future experimental
studies.
Discussion
The assay conditions required for the assessment of the
ACP differ between fish species, especially in terms of

MgCl2 concentration, pH, temperature, and incubation
time. In this study, the optimum concentration of MgCl 2
was found to be 7.5 mM, while several other fish are
reported to require slightly higher concentrations of Mg2+
(10 mM) to give maximal ACP lysis (Yano et al. 1987;
Sunyer and Tort 1995; Chen et al. 2003). However, it has
been reported that Tinca tinca (a cyprinid fish) needs 5 mM
MgCl2 to achieve maximal ACP lysis, which is lower than
any other reported studies on fish ACP (Collazos et al.
1994). MgCl2 is required to activate the ACP since in the
presence of CaCl2 but with no MgCl2, deficient ACP
activity in Asian seabass serum can be detected even at a
1:16 dilution (Figure 2). This further confirms that Mg2+
ions are required for ACP activation (Sakai 1992). Mg2+
ion enhances the hemolytic activity of complement, since it
can activate both factor B and D components, and is
required for the functioning of the alternate properdin
pathway (Prez et al. 1975; Voght et al. 1977). Subsequently
in the presence of adequate Mg2+, the membrane attack
complex (MAC) will be stimulated to lyse targets (Abram
et al. 2017). It has been reported that Mg-ions are crucial
for complex formation by factors B and C3b; this has been
proven by studies using micro-disc electrophoresis in
polyacrylamide gel concentration gradients at a
stoichiometric ratio of 1:1 with the presence of 5-10 mM
Mg2+ (Voght et al. 1977). In addition, substituting Mg2+
with different ions such as Cu2+ or Ba2+ has not been shown
to activate the ACP in Alligator serum (Merchant et al.
2005).
In terms of the optimal pH, we found that the maximum
hemolytic activity was seen at pH 7.5. At pH greater than
this, there was a dramatic decrease in serum activity, and
any activity was eventually lost. This may have been due to
the denaturation of one of the complement components.
Although pH 7.5 was chosen, it was found that pH from 7.0
to 7.5 gave almost the same ACP activity, suggesting that
the activity of ACP in Asian seabass functions at a neutral
pH. This is in accordance with the results from other
studies (Table 1) which have found that the optimal pH was
between 7 and 7.8 (Yano et al. 1987; Yano et al. 1988;
Collazos et al. 1994; Sunyer and Tort 1995; Chen et al.
2003).
Several studies have reported that temperatures between
15 and 25°C gave the highest serum activity (Yano et al.
1988; Collazos et al. 1994; Sunyer and Tort 1995; Chen et
al. 2003) and the activity could be detected as low as 0-4°C
(Holland and Lambris 2002; Whyte 2007). Sunyer and Tort
(1995) reported that Gilthead seabream showed observable
hemolysis at very low temperatures such as 0.5°C, while
hemolytic complement activity of Channel catfish could
still be detected at 3°C (Lobb and Hayman 1989). On the
contrary, mammals need a much higher temperature for the
activation of ACP with an optimal temperature at 37°C
(Whyte 2007).
Our present study suggests that 25°C was the best
temperature for maximum ACP activity in Asian seabass.
This might be related to the optimal growing temperature
required by Asian seabass, which is between 22 and 35°C.
The temperature needed to activate the complement system
in fish is affected by the water temperature (Lobb and
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Hayman 1989; Sakai 1992). There was no significant
difference in Asian seabass ACP when tested between 15
and 30°C, 15°C still gave relatively high complement
activity. This finding strengthens the previous study which
stated that the ACP in fish is active over a broader range of
temperatures. Holland and Lambris (2002) stated that the
broader and lower temperature range of fish complement
occurs because fish can encounter a wide range of
temperatures during summer and winter. At lower
temperatures, the adaptive immune system might be slow
or it might be suppressed. It has been reported that the
percentage of B cells in the spleen and blood of Common
carp decreases significantly when the water temperature
reduces from 25°C to 16°C. In addition, the number of T
cells isolated from channel catfish decreases when fish are
maintained at 11°C compared to 24° C (Abram et al. 2017).
Thus, complement can support the adaptive immune
function to give adequate protection to the animal until
their immune response adjusts to a lower temperature and
begins to function (Holland and Lambris 2002). This can
be an indication that the complement system is still
functional at lower temperatures when the acquired
immunity is reduced (Whyte 2007). Hence, fish rely on
innate immunity such as complement to protect themselves
from freezing temperatures during winter (Le et al. 1998).
In cold-water fish, inactivation of complement activity can
be achieved by heating the serum at 40-45°C for 20
minutes, while serum activity of warm water species can be
inactivated at 45-54°C (Sakai 1981; Ingram 1987). In
addition, Collazos et al. (1994) reported that during winter
Tinca tinca showed higher ACP activity, suggesting the
importance of the complement system as a defense
mechanism in fish during winter.
Our current study found that an incubation period at 30
minutes for the in vitro assay gave the maximum ACP
activity in Asian seabass. This finding is different from
what has been reported by others. Other studies (Yano et al.
1987; Yano et al. 1988) on seawater species such as porgy
and flounder found that an incubation time of 120 minutes
was required for maximal lysis of target cells. Other
seawater species like seabream had an optimal incubation
time of 100 minutes (Sunyer and Tort 1995), while
yellowtail had a longer reaction time of 150 minutes (Yano
et al. 1988). It has been reported that freshwater species
have optimal incubation times shorter than seawater fish
with all studies being conducted finding 90 minutes as the
best incubation time for ayu, carp and tilapia (Yano et al.
1988), cyprinids (Collazos et al. 1994) and golden shiners
(Chen et al. 2003). In this study, Asian seabass are
maintained in freshwater environments, and the incubation
period we found for activating the ACP was much shorter
than that for other freshwater species. Although 30 minutes
gives the maximum complement activity, statistically there
was no difference between other incubation times,
suggesting a short incubation time could be used to detect
lysis. This is advantageous allowing for rapid diagnosis of
fish health. The shorter time to activate the ACP would be
useful in the implementation of this method on-farm for
routine assessment of the health status of the fish.
Moreover, with minimal daily variation between morning
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and afternoon in terms of the Asian seabass serum
complement activity, this method is also robust.
In conclusion, the ACP activity, which can directly kill
and eliminate microorganisms and foreign substances
without the presence of antibody is a powerful defense
mechanism with the potential to inhibit the establishment
of invading organisms, until the specific response is
developed. Hence, the ACP assay can be a rapid and
sensitive indicator of fish immune responses, and the
optimal conditions suggested for assessing the activation of
the ACP in Asian seabass required EGTA-GVB buffer
solution supplemented with 7.5 mM MgCl2 at pH 7.5, and
incubation temperature at 25°C for 30 minutes. This
finding provides useful information for future
immunological studies on Asian seabass. It can also be
used as a tool to investigate the role of diet or stress on the
immune responses of the species.
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