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For the first time, the activity and pH dependence of digestive enzymes were studied in fish inhabit-
ing the Mekong Delta: duskyfin glassy perchlet Parambassis wolffii, smallscale croaker Boesemania
microlepis, catfish Pangasius macronema, and representatives of the family Cyprinidae. Significant
interspecific differences were revealed in the level of peptidase and glycosidase activity providing hy-
drolysis of protein and carbohydrate food components. The greatest interspecific differences are char-
acteristic of glycosidases: the level of enzymatic activity in Cyprinidae fish exceeds that in P. wolffii
by 13.6 times. The differences in the level of peptidase activity in fish of different species are lower:
in the case of the activity of stomach enzymes in P. wolffii, the values are 1.8 times higher than those
in P. macronema, and in the case of total activity of stomach and intestinal enzymes in the same species,
the values are 1.5 times higher. The data obtained confirm the concept that the digestive hydrolase activ-
ity depends on the fish feeding spectrum. The activity of intestinal enzymes decreases more significantly
in the acidic pH zone than in the basic one. Consequently, acidification of the intestinal environment
will negatively affect the digestive processes in these fish species.

Keywords: Vietnam, digestive enzymes, Parambassis wolffii, Boesemania microlepis, Pangasius
macronema, Cyprinidae
In the Mekong Delta, there are two large ecosystems — freshwater and estuarine ones. To date,
due to reduction in river flow, climate changes, and several other natural and anthropogenic factors,
an extreme salinization of water in the Mekong Delta occurs (Tuan et al., 2007). Therefore, the anal-
ysis of various aspects of biology and physiology of freshwater indicator species is of great interest.
As one of such fish species inhabiting the Mekong River, the duskyfin glassy perchlet Parambassis wolf-
fii (Bleeker, 1850) is suggested: the fish regularly migrate from spawning and feeding spots in the flood-
plain to deeper areas in the main riverbed. These fish are ichthyophages — facultative benthophages,
with the diet including small pelagic fish, crustaceans, and insects (Rainboth, 1996 ; Tran et al., 2013).
Unlike the duskyfin glassy perchlet P. wolffii, the smallscale croaker Boesemania microlepis
(Bleeker, 1858) is a non-migratory species and a constant inhabitant of freshwater areas. It feeds
mainly on crustaceans (shrimps), fish, and insects (Baird et al., 2001). The catfish Pangasius macronema
is an euryphage, with the diet including benthic species, inter alia molluscs, as well as zooplankton,
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algae, small fish, and detritus (Kottelat & Widjanarti, 2005 ; Taki, 1978). Amidst the most abun-
dant migratory species of the Mekong River, representatives of the Cyprinidae family stand out: Heni-
corhynchus lobatus Smith, 1945, Henicorhynchus siamensis (Sauvage, 1881), and Barbonymus gonionotus
(Bleeker, 1849) — a species performing regional migrations (Jasmine & Begum, 2016). Henicorhynchus
fish feed on benthic species and, to a lesser extent, on zooplankton (Baird et al., 2003). B. gonionotus
prefers vegetation and, to a lesser extent, small invertebrates (Mohsin & Ambak, 1983).

Importantly, such significant differences in fish feeding spectrums affect the digestion processes.
In fish, the digestion processes are traditionally assessed by the level of enzyme activity in the mu-
cous membrane of the stomach and intestines (Kuz'mina, 2018 ; Ugolev & Kuz’mina, 1993 ; Bakke
et al., 2011 ; Fange & Grove, 1979 ; Kapoor et al., 1975). At the same time, the mucous mem-
brane of the stomach and intestines includes not only the monolayer epithelium, but also the submu-
cosa or stroma, which is based on a collagen scaffold (Verigina & Zholdasova, 1982 ; Kapoor et al.,
1975). When comparing the enzyme activity in the epithelium and stroma, their levels were close;
in the case of dipeptidases, the enzyme activity could be higher in the stroma than in the epithe-
lium (Ugolev & Kuz’'mina, 1992). Initially, it was assumed that stromal enzymes perform a protective
function (Kuz'mina, 1995); subsequently, that they are also involved in the processes of post-epithelial
digestion (Kuz’'mina, 2018).

As known, enzymes of a prey are involved in the induced autolysis and play a significant role
in fish gastric digestion, while enzymes of the enteric microbiota are important for intestinal diges-
tion (Kuz'mina, 2018 ; Ugolev & Kuz'mina, 1993). At the same time, lysosomal enzymes of various
tissues of a prey play the crucial role in the induced autolysis, in particular cathepsins which hydrolyze
protein components (Vysotskaya & Nemova, 2008 ; Ashie & Simpson, 1997 ; Wang et al., 2000). More-
over, there is much evidence that different strains of the enteric microbiota have enzymes similar to those
of fish. Specifically, bacteria of the genera Pseudomonas, Aeromonas, Bacillus, Vibrio, Acinetobacter,
and Enterobacter have proteolytic activity (Askarian et al., 2012 ; Austin, 2006 ; Belchior & Vacca,
2006 ; Esakkiraj et al., 2009 ; Ganguly & Prasad, 2012 ; Hoshino et al., 1997 ; Ray et al., 2012), while
representatives of the genera Acinetobacter, Bacillus, Pseudomonas, Moraxella, and Micrococcus have
amylolytic activity (Austin, 2006 ; Ganguly & Prasad, 2012 ; Izvekova & Plotnikov, 2011 ; Ray et al.,
2012 ; Sugita et al., 1997). Since there are no data on the status of the enzyme systems of the diges-
tive tract of Vietnamese fish, it seemed reasonable to evaluate the integral characteristics of enzymes
providing hydrolysis of protein and carbohydrate food components in the stomach and intestines of fish
from the area of Vietnam.

The aim of the work was to assess the activity of peptidases and glycosidases providing hydrolysis
of protein and carbohydrate food components in the stomach and intestines of Vietnamese fish within
a wide range of pH values.

MATERIAL AND METHODS

The material was sampled in the Bassac River (a distributary of the Mekong River) during the flood
period, 12 to 17 October, 2019. Stomach fish were studied — three species representing different families:
1) Pangasiidae — the catfish Pangasius macronema (4 ind., 15.6-16.5 g);
2) Sciaenidae — the smallscale croaker Boesemania microlepis, the only monotypic species of the genus
Boesemania (7 ind., 29.5-34.1 g);
3) Ambassidae — the duskyfin glassy perchlet Parambassis wolffii (18 ind., 39.5-74.8 g).
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Stomachless fish of the family Cyprinidae were studied as well — mainly representatives of the genera
Barbonymus and Henicorhynchus (13 ind., 6.9-10.7 g).

Cyprinidae fish and the catfish P. macronema were sampled in the An Giang province, Long Xuyén
region. The trawling coordinates were as follows (start —end): N10.48851°, E105.34119° - N10.47775°,
E105.35133°. The duskyfin glassy perchlet and smallscale croaker were sampled in the Can Tho
province, Thot Not region. For the first species, the trawling coordinates were the following:
N10.29886°, E105.52441° — N10.25485°, E105.57977°. For the second species, the coordinates were
as follows: N10.26297°, E105.54821° — N10.21951°, E105.58443°. The bottom water temperature
was of +30.3...434.1 °C.

In the fish groups studied, the intestinal mucous membrane and chyme (in total) were used as en-
zyme preparations. The mucous membrane and chyme were thoroughly mixed; to prepare a homogenate,
an aliquot was taken and weighed. The intestines of each fish, except for P. wolffii and Cyprinidae repre-
sentatives, were examined individually. In the case of P. wolffii, the material was divided into 7 samples,
2-3 individuals in each. In the case of Cyprinidae fish, it was divided into 4 samples, 3—4 individuals
in each. Each total sample was considered as one biological sample.

The analysis was carried out at a temperature of +25 °C within a wide range of pH values: in the case
of the stomach, 2.0 to 4.0 with an interval of 1.0; in the case of the intestines, 5.0 to 11.0 with an interval
of 1.0. Proteolytic activity (total activity of trypsin, EC 3.4.21.4; chymotrypsin, EC 3.4.21.1; and dipep-
tidases, EC 3.4.13.1 — EC 3.4.13.11) was assessed by an increase in the tyrosine concentration using
the Folin—Ciocalteu reagent (Kuz’mina et al., 2019). Amylolytic activity (total activity of o-amylase,
EC 3.2.1.1; y-amylase, EC 3.2.1.3; and maltase EC 3.2.1.20) was determined by an increase in hex-
oses using an arsenic-molybdenum reagent (Ugolev & lezuitova, 1969). When assessing pH dependence
of enzymes, the activity was determined in 5 replicates for each point (considering the initial amounts
of tyrosine or hexoses in the sample) and expressed in pmol-g!-min™!.

The results were statistically processed using a standard software package (Microsoft Excel) and pre-
sented as follows: mean value * standard error of the mean (SE). The distribution of the studied
parameters did not differ from the normal one (the Shapiro—Wilk test). Therefore, the significance
of the differences was assessed using the Student’s z-test for small samples at p < 0.001; p < 0.01;
and p < 0.05.

RESULTS

Enzyme activity. Peptidase activity in the stomach differs significantly in fish of the species
studied (Table 1).

Table 1. Activity of peptidases and glycosidases in the digestive tract of fish inhabiting the Mekong Delta

Enzyme activity, umol-g~!'-min~!
Fish species Stomach Intestines P/G
Peptidases Peptidases Glycosidases
Pangasius macronema 9.73 £2.09% 5.35 £ 1.04% 2.80 £ 0.10** 1.9
Boesemania microlepis 13.86 £ 0.42%* 8.05+0.94 1.85 + 0.32%* 4.4
Parambassis wolffii 17.82 £ 0.61 493 +£0.77* 0.88 £ 0.17%** 5.6
Cyprinidae sp. - 7.88 £0.26 12.0 £ 0.83 0.7

Note: gastric enzymes were studied at pH 3.0; intestinal enzymes, at pH 7.4. P/G is the ratio of peptidases and gly-
cosidases in the intestines. The differences between the maximum and other values in the column are statistically
significant at p < 0.05 (*); p < 0.01 (¥*); and p < 0.001 (**%*).
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Specifically, peptidase activity in the stomach of the duskyfin glassy perchlet P. wolffii was 1.3 times
higher than that of the smallscale croaker B. microlepis and 1.8 times higher than that of the catfish
P. macronema. In its turn, peptidase activity in the stomach of the smallscale croaker was 1.4 times
higher than that of the catfish. The maximum peptidase activity in the intestines was registered
for the smallscale croaker B. microlepis, and the minimal one — for the duskyfin glassy perchlet
P. wolffii. At the same time, the total activity of peptidases in the stomach and intestines in this
species was the highest — 22.75 pmol-g '-min~!. The total activity of peptidases of the stomach and in-
testines in the smallscale croaker B. microlepis from the same province (Can Tho) was extremely close
to that of the duskyfin glassy perchlet P. wolffii — 21.91 umol-g""-min™'; in the catfish P. macronema,
the value was lower — 15.08 umol-g '-min~'. Glycosidase activity was significantly higher in stomachless
fish than in stomach ones. The maximum differences (by 13.6 times) were revealed when comparing
the level of enzyme activity in Cyprinidae fish and in the duskyfin glassy perchlet P. wolffii.

The ratio of peptidases and glycosidases in the intestines (P/G) was quantified. With activity
of all peptidases of the gastrointestinal tract in Cyprinidae fish taken into account, the value remained
equal to 0.7. In stomach fish, P/G value was significantly higher: 25.9 in the duskyfin glassy perch-
let P. wolffii (the maximum one); 5.4 in the catfish P. macronema (the minimum one); and 11.8
in the smallscale croaker B. microlepis. When comparing the ratio of glycosidase activity to peptidase
activity, it turned out that the shift in the parameter is of the opposite nature: 0.2; 0.08; and 0.04 in these
three species, respectively.

pH dependence of enzymes. The maximum activity of stomach peptidases in the smallscale
croaker B. microlepis and duskyfin glassy perchlet P. wolffii was recorded at pH 3.0: (12.85 £ 0.26)
and (14.44 + 0.12) pumol-glmin™' for the first and second species, respectively (Fig. 1).
However, at pH 2.0, the level of activity in both cases was lower than the maximum one only by 1.1 times.
At pH 4.0, greater differences were revealed: in the first species, the activity decreased by 2.4 times
compared with that at pH 3.0; in the second species, it decreased only by 1.4 times. The nature of pH de-
pendence of digestive enzymes differs significantly from that of the stomach. The maximum activity
of intestinal peptidases in the smallscale croaker B. microlepis and duskyfin glassy perchlet P. wolffii
was registered at pH 7.0: (4.08 = 0.3) and (5.20 % 0.4) umol-g""-min™!, respectively. At the same time,
the level of activity in both cases decreased sharply in the acidic zone and smoothly in the basic one.
Importantly, at pH 6.0 and 5.0, there were no statistically significant species differences in the level
of peptidase activity; in the basic zone, the level of peptidase activity was higher in the duskyfin glassy
perchlet P. wolffii than in the smallscale croaker B. microlepis. In this case, the degree of differences
sequentially increased from 1.2 at pH 8.0 to 2.2 at pH 11.0.

pmol-g~-min~"' pmol-g~-min™*
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Fig. 1. Effect of pH on peptidase activity in the stomach (a) and intestines (b) in Boesemania microlepis (1)
and Parambassis wolffii (2) from the Mekong Delta
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Since the amount of sampled material was small, pH dependence of glycosidases was determined
in the representatives of the family Cyprinidae alone (Fig. 2).

At pH 7.0, the maximum activity was recorded (see Fig. 2): (13.46 £ 0.69) umol-g”"-min~". At pH 8.0,
the level of enzymatic activity was close to that at pH 7.0: (12.88 * 0.56) umol-g "-min!. In the zone
of acidic pH values, glycosidase activity decreases more sharply than in the zone of basic pH values.
At pH 5.0, the minimum activity was registered: (1.88 + 0.20) pmol-g -min™!. At pH 11.0, the level
of enzymatic activity was slightly higher than that at 5.0: (2.11 £ 0.40) umol-g'-min™".

pmol-g™' - min~!

15 r

12

Fig. 2. Effect of pH on intestinal glycosidase activity in Cyprinidae fish from the Mekong Delta

DISCUSSION

The obtained results indicate significant species differences in the levels of peptidase and glycosi-
dase activity, and this corresponds with the data on fish feeding spectrums. Specifically, in the duskyfin
glassy perchlet P. wolffii, the activity of stomach peptidases is 1.3 times higher than in the smallscale
croaker B. microlepis and 1.8 times higher than in the catfish P. macronema. However, the dif-
ferences in the level of the total activity of peptidases in the stomach and intestines are much
lower. In the first species, the activity exceeds that in the third species only by 1.5 times; between
the first and second species, the differences are practically absent. These data indicate the follow-
ing: in the feeding spectrums of the duskyfin glassy perchlet and smallscale croaker, fish prevail,
while the feeding spectrum of the catfish is not limited by fish alone (there are other food items,
in particular invertebrates).

Glycosidase activity is significantly higher in stomachless fish than in stomach ones. At the same
time, P/G value in stomachless fish of the family Cyprinidae is below 1 (0.7), while in stom-
ach fish, it is above 1 (1.9-5.6). All this corresponds with numerous data obtained in stud-
ies of other fish species (Kuz’'mina, 2018 ; Ugolev & Kuz'mina, 1993 ; Bakke et al., 2011 ;
Fange & Grove, 1979). Importantly, the group of stomach fish is characterized by the follow-
ing peculiarity: the maximum glycosidase activity in the catfish P. macronema is 1.5 times higher
than in the smallscale croaker B. microlepis and 3.2 times higher than in the duskyfin glassy per-
chlet P. wolffii. The value of the ratio of the total activity of peptidases in the stomach and in-
testines to the activity of glycosidases, which is maximum in the duskyfin glassy perchlet P. wolf-
fii, exceeds that in the smallscale croaker B. microlepis by 2.2 times and that in the catfish
P. macronema by 4.8 times. These data confirm that in the diet of the duskyfin glassy perchlet P. wolf-
fii, the amount of fish is higher than in the diets of the smallscale croaker B. microlepis and especially
catfish P. macronema.
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The results obtained on pH dependence of enzymes correspond with the literature data (Kuz’mina,
2018 ; Ugolev & Kuz’mina, 1993 ; Bakke et al., 2011). Indeed, in most fish species, optimum pH val-
ues of stomach acid peptidases are in the range 2 to 4 (Gawlicka et al., 2001 ; Natalia et al., 2004).
Optimum pH value of stomach peptidases being 3.0 for the species studied, close values of enzymatic
activity at pH 2.0, and a slight decrease at pH 4.0 indicate the following: in fish, in addition to pepsin,
other peptidases synthesized by gastrocytes are functioning, as well as various cathepsins of prey tissues.
Enzymes of food items can also play a certain role.

In most fish species, optimum pH values of pancreatic intestinal peptidases (mainly trypsin and chy-
motrypsin) range 7.5 to 10 (Castillo-Yariez et al., 2005 ; Garcia-Carrerio et al., 2002 ; Hau & Benjakul,
2006 ; Hidalgo et al., 1999 ; Kishimura et al., 2008 ; Krogdahl et al., 2015 ; Kumar et al., 2007 ; Kuz’mina
etal., 2011, 2017 ; Natalia et al., 2004). In the smallscale croaker B. microlepis and duskyfin glassy per-
chlet P. wolffii, optimum pH value of intestinal peptidases is 7.0; apparently, this is due to the activity
of pancreatic peptidases and eponymous hydrolases of the enteric microbiota (the activity of the enteric
microbiota results from high abundance of bacteria in the Mekong Delta). Low activity of peptidases
in the zone of acidic pH values seems to be due to the fact that trypsin is not stable at pH < 6 in most
fish species (Hau & Benjakul, 2006 ; Pavlisko et al., 1999).

Optimum pH values of glycosidases, in particular a-amylase providing the initial stages of hydrol-
ysis of polysaccharides, are in a narrower range compared to that of peptidases: 6.5 to 8.5 (Ushiyama
et al., 1965) or 7.0 to 8.0 (when used for preparation of homogenate and substrate of balanced salt
solutions) (Ugolev & Kuz'mina, 1993). Optimum pH value of glycosidases of the enteric microbiota
is 7.0 (Kuz’'mina et al., 2011). In the absolute majority of fish species investigated by us under the same
methodological conditions, optimum pH value of glycosidases corresponded to 7.0. Accordingly,
it can be expected that in fish inhabiting freshwater basins of Vietnam, the nature of pH dependence
is close to that revealed in our work.

Conclusion. The studied fish species inhabiting the Mekong Delta are characterized by high activ-
ity of peptidases and glycosidases providing hydrolysis of protein and carbohydrate food components.
The greatest interspecific differences are revealed when analyzing glycosidase activity. In Cyprinidae
fish, the level of enzymatic activity exceeds that in the duskyfin glassy perchlet Parambassis wolffii
by 13.6 times. In the level of peptidase activity, the differences in the investigated species are lower.
Specifically, in the case of the activity of stomach enzymes in P. wolffii, the values are 1.8 times higher
than those in Pangasius macronema. In the case of total activity of stomach and intestinal enzymes
in the same species, the values are 1.5 times higher. The obtained data correspond with the information
on the fish feeding spectrums. The material concerning pH dependence of intestinal enzymes indicate
that the activity of enzymes of both chains decreases more significantly in the acidic pH zone than
in the basic one. Consequently, significant acidification of the enteric environment will negatively affect
the digestion processes in these fish species.

The work was carried out within the framework of the state research assignments ‘Systematics, variety, bi-
ology, and ecology of aquatic and seaboard invertebrates; the structure of populations and communities in conti-
nental waters” (No. 121051100109-1) and “Population, morphological, structural, and physiological adaptations
of parasites of freshwater hydrobionts in changing environmental conditions” (No. 121051100100-8), as well
as within the framework of the Ekolan E-3.4 project “The Mekong River ecosystem under global climate changes

and anthropogenic load’.
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AKTUBHOCTD IIEIITNUIA3 U INIMKO3U/JIA3 IININEBAPUTE/IbHOI'O TPAKTA
Y HEROTOPBIX BU/I0B KOCTUCTbBIX Pblb BbETHAMA

B. B. Kysbmuna! || E. E. Cabinbko'?, E. A. Kyinpankas!,

E. I1. Kapnosa?, luns Ky Hryen?

"Mucturyt 6uonorun BHyTpennux Bog uvenn M. JI. IMananusa Poccuiickoii akageMun Hayk, mioc. Bopok,
Poccuiickaa ®enepanus
2J0sxH0e otenenne COBMECTHOIO POCCHICKO-BbeTHAMCKOTO TPOIIUECKOTO HAyYHO-HCCIIeJ0BATE hCKOTO
Y TEXHOJIOTMYECKOI0 LIEeHTpa, XOUIMMIH, BreTHaM
E-mail: elena.slynko.76 @mail.ru

Bnepseie ucciieoBaHsl aKTUBHOCTh M pH-3aBUCHMOCTD NUIIEBAPUTENIBHBIX (PEPMEHTOB Y pblO, 00u-
TalOUIMX B AenbTe P. MEKOHT: CTEKISIHHOTO OKYHs1 Parambassis wolffii, MeKOYeyiHOro roposuist
Boesemania microlepis, nanracuyca Pangasius macronema v nipeactaButesnen cemeiictsa Cyprinidae.
BeisiBIeHB! 3HAUMTENbHBIE MEXBUIOBBIE Pa3IWYMs B YPOBHE aKTMBHOCTHM MENTHA3 M TIMKO3MIA3,
00eCreurBaIIX THAPOIU3 OEJKOBBIX M YIVIEBOAHBIX KOMIIOHEHTOB Muiy. HauOosbimie mex-
BUJIOBbIE Pa3/IM4Msl XapaKTepHB! ISl TJIMKO3W/a3: ypOBeHb (DEPMEHTATHMBHON AKTUBHOCTH y PHIO
cem. Cyprinidae npeBbIIIa€T TAKOBOH Yy CTEKJISIHHOTO OKYHs P. wolffii B 13,6 pa3a. Paznuuus B ypoBHe
AKTMBHOCTH IENTH/IA3 Y PHIO Pa3HBIX BUJIOB HUKE: B CIIy4ae aKTMBHOCTH (DEPMEHTOB KeTyJKa y CTEeK-
JITHHOTO OKYHs P. wolffii 3HaueHus Bblllle TAaKOBBIX AJIA MaHracuyca P. macronema B 1,8 pa3a, B City-
Yae CyMMapHOW aKTUBHOCTH (hepPMEHTOB XKeJy/JKa U KUILeUHNKa y TeX ke BUIoB — B 1,5 pasa. [loiny-
YeHHbIE JaHHbIE TIOATBEPXKIAIOT IIPEICTABICHHS O 3aBUCUMOCTH aKTUBHOCTH MHUIIEBAPUTEbHBIX THI-
poJIa3 OT CIEKTpa MUTaHUS PbI0. AKTUBHOCTH (DEPMEHTOB KUIIIEUHUKA 3HAUUTENIbHEE CHUKACTCS B KHC-
Joii 30He pH, yem B wenouHoi. CienoBaTtesbHO, 3aKUCIEHUE SHTEPAIbHON cpesibl OyAeT HEraTUBHO
BJIMATH Ha IPOLIECCH MUILEBAPEHUS Y STUX BUIOB PbIO.

KaioueBnie ciaoBa: BrerHam, mumieBaputenbHble (hepMeHTHl, Parambassis wolffii, Boesemania
microlepis, Pangasius macronema, Cyprinidae
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