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Changes in biochemical indices and histopathological characteristics of Micropterus salmoides
after artificially infection with isolated Saprolegnia

LI Zhihui', PEI Zhanyang', LI Renjun', ZHANG Xiaohong
(1.Department of Animal Husbandry and Aquaculture, Guizhou Vocational College of Agricultural, Guiyang,
Guizhou 551400, China; 2.College of Animal Science, Guizhou University, Guiyang, Guizhou 550025, China)

Abstract: [ Objective] This study focused on the effect of Saprolegnia on the biochemical indices of serum, kidney and head-kidney
of Micropterus salmoides and its related pathological mechanisms to provide a reference for in-depth exploration of the immune de-
fense mechanism of M. salmoides against Saprolegnia. [ Method ) M. salmoides infected with Saprolegnia were collected from a farm
with higher-place ponds in Xifeng County, Guizhou Province. Bacterial strains of Saprolegnia were isolated through surface isolation
and cultivation, and then identified by morphological observation, 18S rDNA sequencing and bioinformatics techniques. Artificial in-
fection with identified Saprolegnia was carried out on healthy M.salmoides to compared their clinical symptoms and skin conditions
with the control. Meanwhile, various biochemical indices of serum, kidney and head-kidney were measured, and pathological obser-

vations were conducted on tissues including the skin, muscle, gill, liver, head-kidney, kidney, heart and spleen tissues. [ Result]
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The hyphae of Saprolegnia were long and slender, with few branches, and hollow and unseparated tubes; they grew in a spreading
manner and distributed scatteredly. After artificial infection with Saprolegnia, M.salmoides exhibited symptoms like reduced activity
and decreased appetite, with body surface marked with red patches and white and pale-yellow coverings; fish scales were degenera-
ted, disorderly arranged, and even fallen, with most ctenoid spines disappeared at the scale edges; then the epidermis was peeled,
leaving the collagen fibers in the dermis layer exposed over a large area. In terms of biochemical indices, the diseased fish had sig-
nificantly higher mass fraction of uric acid and alanine aminotransferase ( ALT) activity compared to the control, significantly lower
mass concentrations of total protein and albumin, alkaline phosphatase ( ALP) activity, and concentrations of triglyceride, calcium
ion (Ca®) and chloride ion (Cl™) ; and very significantly lower mass concentrations of creatinine and sodium ion (Na*). The activ-
ities of aspartate aminotransferase ( AST) and lactic dehydrogenase (LDH) in the serum were extremely significantly higher in the
diseased fish than the control, but exhibited the opposite trends in the head-kidney tissue. In the kidney of diseased fish, ALP activ-
ity, mass concentrations of glucose and phosphorus (P*) were all significantly lower than those in the control. Histopathological ob-
servation revealed the disordered tissue structures of multiple organs with symptoms such as blood vessel congestion, cell infiltration,
swelling, necrosis, and accompanied inflammation in fish infected with Saprolegnia. [ Conclusion]The pathogen of diseased M.sal-
moides is Saprolegnia, which can cause surface injury, biochemical index changes in serum, kidney and head-kidney, and patholog-
ical damages to multiple tissues of M.salmoides.
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A.Healthy fish; B.Slightly diseased fish ( the black rectangular boxes indicate the congested and red pectoral fin) ; C.Moderately diseased

(IR Y =

fish (the black rectangular boxes indicate the shed scales, and congested and ulcerated dorsal fin) ; D.Severely diseased fish (the

black rectangular boxes indicate the browned operculum, shed scales, and congested and ulcerated pectoral and pelvic fins).
1 fEBR R 2B n o 85 Y i PR E 1R
Fig.1 Clinical symptoms of healthy and sick M.salmoides
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A.Scales of healthy fish; B.Scales of diseased fish (S indicates scale degradation, and HAP indicates hydroxyapatite filling) ; C.Skin of

healthy fish; D.Skin of diseased fish ( CF indicates the exposure of collagen fibers in the dermis of skin, and Fib indicates fibroblasts).
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Fig.2 Scanning electron micrographs of skin of healthy and sick M.salmoides
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E i HLBE (3 000%) N I04T 3 AT 22 5 F AT R B B2 (500%) FAT 43 ST 225 G AT R FBLBE (3 000 ) A 43 S I TR 24,
A.Colonies cultured for 24 h; B.Colonies cultured for 72 h; C.Mycelial morphology under optical microscope (100%) ;
D.Unbranched mycelia under SEM (500%) ; E.Unbranched mycelia under SEM (3 000%) ; F.Branched
mycelia under SEM (500%) ; G.Branched mycelia under SEM (3 000%).

B3 KEEREELES
Fig.3 Morphology of Saprolegnia and its hyphae
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Fig.4 PCR amplification result of strain 1S2329
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KF420261.1 Saprolegnia hypogyna ABDN 68
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MH644830.1 Saprolegnia mixta B2-sap
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EU240113.1 Saprolegnia longicaulis WDIL
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0Q804806.1 Saprolegnia acnigmatica NFCCI:5468
KF718133.1 Saprolegnia monilifera SAP1470

JX418016.1 Saprolegnia monoica SAP1297

9 —E 0P932976.1 Saprolegnia eccentrica 17B36

100 KX528019.1 Saprolegnia milanezii CCIBt 4027
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Fig.5 Phylogenetic tree constructed based on gene

sequence of strain 1S2329
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Table 1 Changes of serum biochemical indices of M.salmoides after infection with Saprolegnia

ALT 3/

AST {5/

p(REEM)/ p(HEH)/ (U -1 (U~ 1) ALP 5t/ LDH i 1%/
gl (g- L) (g- L") . (U-L™ (u-Lh
. . Alanine Aspartate . .
Group Mass concentration Mass concentration X R Alkaline Lactic dehydrogenase
. . . aminotransferase aminotransferase . o
of total protein of albumin .. .. phosphatase activity activity
activity activity
X HR 24 41.78+1.58a 16.91+1.73a 17.96+4.68a 177.34+20.77A 60.60+8.58a 5638.99+1 333.32A
Control
R 2H 33.66+4.42b 12.77+1.56b 80.83+23.98b 507.43+99.66B 42.51+£2.72b 11 936.25+1 816.18B
Experimental
group
c( W% / c( BB EEE) / c(HIM=TR)/ p(IRER)/ c( LK) / c(JRIR)/
215 (mmol + L") (mmol + L") (mmol + L") (mg- L") (wmol - L") (pmol - L71)
Group Concentration Concentration of Concentration of ~ Mass concentration Concentration Concentration
of glucose total cholesterol triacylglycerol of urea nitrogen of creatinine of uric acid
Xt HRZ1 35.72+5.22a 9.09+1.52a 11.64+1.09a 29.9+8.5a 227.94+48.12A 88.50+4.01a
Control
Wit 30.58+6.22a 8.02+0.92a 6.88+1.56b 54.2+16.5a 63.81+23.48B 223.54+73.80b
Experimental
group
¢(Ca®*)/(mmol - L") ¢(Na*)/(mmol - L") ¢(P*)/(mmol - L") ¢(CI™)/(mmol « L")
2153 Group ) ) . . . _
Concentration of Ca** Concentration of Na* Concentration of P* Concentration of Cl
XTHRZH Control 2.83+0.19a 151.92+£3.79A 2.97+0.43a 85.05+4.14a
4] Experimental group 2.62+0.28b 113.51£12.53B 3.14+0.62a 61.54+8.21b

D[RS B IS BEAS RIS 5 R 2R 22 Sl .35 (P<0.01)  EARTR/ING F-RE3oR 22 52 35 (P<0.05) o

Different capital letters behind data within the same column indicate extremely significant differences (P<0.01) , and different lowercase letters

indicate significant differences (P<0.05).
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Table 2 Changes of biochemical indices of kidney in M.salmoides after infection with Saprolegnia
. . . . HIHEINE) /
ALT {ftE/(U - L) AST 3&#E/(U - L") ALP {fitk/(U - L™")  LDH&ME/(U - L) el _),
20 51 . . . . . (mmol - L")
. Alanine aminotransferase  Aspartate aminotransferase  Alkaline phosphatase Lactic dehydrogenase : .
Group .. .. .. O Concentration
activity activity activity activity
of glucose
XF R ZH 1 598.25+124.59a 13 442.69+1 327.59a 18 902.68+3 955.06a 25 120.05+1 311.04a 3.15+0.72a
Control
4l 1 730.04+65.16a 14 502.62+473.55a 8 567.97+143.50b 22 489.56+1 644.02a 1.00+0.39b
Experimental
group
c( BAHFEEE) / p(IREH)/ c(Ca®")/ ¢(Na*)/ c(PH)/ c(Cl7)/
215 (mmol « L") (mg - L") (mmol « L") (mmol « L") (mmol « L") (mmol « L")
Groups Concentration of ~ Mass concentration Concentration Concentration Concentration Concentration
total cholesterol of urea nitrogen of Ca?* of Na* of P* of C1I”
X HR2H 0.71+0.08a 85.7+7.8a 1.30+0.08a 7.58+2.32a 2.80+0.16a 34.03+1.15a
Control
R 0.80+0.16a 81.6+11.0a 1.28+0.01a 5.32+0.86a 2.29+0.15b 31.35+3.24a
Experimental
group

D [R5 B AR IRNE S RERR 2 5 3 (P<0.05)

Different lowercase letters behind data indicate significant differences ( P<0.05).

F3 BIOKEHRE, MM BALRELIERHER
Table 3 Changes of biochemical indices of head-kidney tissue in M.salmoides after infection with Saprolegnia
. ; ; () /
o ALT i§E/(U - L7Y) AST 3t/ (U - L7Y) ALP i%#/(U - L") LDH &M/ (U - L) el ,)1
20 53] . . . A . (mmol « L7")
Alanine aminotransferase ~ Aspartate aminotransferase  Alkaline phosphatase Lactic dehydrogenase .
Groups .. .. .. O Concentration
activity activity activity activity
of glucose
XF R 149.10+30.59a 1 536.34+142.91A 3 793.10+£229.94A 16 335.96+1 211.85A 2.55+0.62a
Control
R 2H 251.35+34.04b 600.75+211.75B 2 610.17+147.19B 10 812.38+1 128.13B 1.18+0.07b
Experimental
group
o BHFERE) / p(JRER)/ c(Ca®*)/ ¢(Na*)/ c(P*)/ c(Cl7)/
215 (mmol + L") (mg- L") (mmol + L") (mmol + L") (mmol - L") (mmol - L")
Groups Concentration of Mass concentration Concentration Concentration Concentration Concentration
total cholesterol of urea nitrogen of Ca® of Na* of P* of CI”
Xt B2 0.78+0.23a 91.0+20.3a 1.24+0.03a 6.95+2.79a 2.81x0.16a 38.58+19.88a
Control
R 0.64+0.07a 80.5+15.9a 1.23+0.06a 5.67+1.09a 2.49+0.09b 30.14+5.99a
Experimental
group

O T S BRI AN TR K S R 2 S

indicate significant differences ( P<0.05).

F(P<0.01) ,MERF/NG PR R 2257 5.3 (P<0.05)

Different capital letters behind data within the same column indicate extremely significant differences (P<0.01) ,

and different lowercase letters
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A and A1l demonstrate the skin of control and diseased fish, respectively (<« indicates lymphocyte infiltration) ; B and B1 show the muscle tissue of
control and diseased fish, respectively («— indicates the ruptured myofibrils, and | indicates increased distances between endomysium and muscle fi-
bers) ; C and C1 show the gills tissues of control and diseased fish, respectively (< indicates the shed epithelial cells of gill filaments, T indicates
lymphocyte and granulocyte infiltration) ; D and D1 demonstrate the hepatic tissues of control and diseased fish, respectively (— indicates the margin-
ated chromatin of hepatic cells, T indicates pigment deposition) ; E and EI show the head-kidney tissue of control and diseased fish, respectively
(«— indicates the congested blood vessels in the head-kidney diseased fish, T indicates blood sinus congestion, — indicates pigment deposition) ; F
and F1 show the kidney tissue of control and the diseased fish, respectively ( | indicates the atrophied renal tubules, T denotes disappeared lumen,
— indicates swollen cells, < indicates cell necrosis) ; G and G1 show the heart tissue of control and diseased fish, respectively ( T indicates the vac-
uolated cytoplasm of cardiomyocytes, — indicates lymphocyte and granulocyte infiltration, <— indicates interstitial blood vessel congestion) ; H and H1
demonstrate the spleen tissue of control and diseased fish, respectively (— indicates the necrotic cells in the spleen, T indicates granulocyte
infiltration, <«— indicates pigment focal deposition).
6 RFKBEIE,MMEAEER LA BB FFRE KIS S RE O RE BB B R B RR IR 2R 4L (400 )
Fig.6 Pathological changes of skin, muscle, gills, liver, head-kidney, kidney, heart and spleen tissues
of M.salmoides after infection with Saprolegnia (400x)
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