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Abstract: The effect of alkalinity (0, 2 and 4 g/L NaHCO3) stress on morphology of gill ionocytes in Nile
Tilapia (Oreochromis niloticus) was studied by scanning electron microscopy, and four HCOj; transporters
including carbonic anhydrase (CAII, CAIV), Na*/HCO; cotransporter (SLC4A4), and CI/HCO; exchanger
(SLC26A6) in gill, kidney and intestine were also observed by immunohistochemistry. The surface scanning
of the gills showed that ionocytes cells were distributed close to the inter-lamellar regions of gill filaments
(Fig. 1). According to the apical shape and size, the ionocytes cells could be divided into four subtypes,
subtype I, subtype II, subtype III and subtype IV (Fig. 2). The apical size of each subtype of ionocytes was
positively correlated with the alkalinity stress strength, and the size of subtype III cells was changed most
obviously (P < 0.01) (Table 1); The ionocytes number increased significantly with the increase of alkalinity
stress strength, and the number of subtype III cells was increased most significantly (P < 0.01) (Table 1). The
results of immunohistochemistry showed that CAIl, CAIV, SLC4A4 and SLC26A6 were expressed in gill
and kidney of O. niloticus at fresh water and alkaline water (Fig. 3, Fig. 4). With the increase of alkalinity, the
positive reactions became stronger (Table 2). However, no positive reaction was detected in intestinal at fresh
water and alkaline water (Fig. 5). This result suggest that O. niloticus may change the quantity and
morphological structure of ionocytes to adapt to alkaline environment, and that gill and kidney may play a
key role in alkalinity regulation.

Key words: Nile Tilapia, Oreochromis niloticus; Alkalinity stress; Gill ionocytes; Carbonic anhydrase (CAII,

CAIV); Na*/HCOj; cotransporter (SLC4A4); CI'/HCO; exchanger (SLC26A6)
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Fig. 1 Gill structure of Nile Tilapia and location of ionocytes identified by scanning electron microscopy

a BB B KM (400 0; b, BT4MM4 AT (1000 =),
a. Gill structure of Nile Tilapia (400 >); b. Location of ionocytes (1 000 %).

GR. fi85; GF. fiizz; LM. fi/hF; §ikFnE 4.

GR. Gill arch; GF. Gill filament; LM. Lamella; lonocytes were showed by arrow.
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Fig. 2 Four types of gill ionocytes in Nile Tilapia under alkalinity stress
a PeRMES CT 29 b, dREEAY (T80 ¢ WAL (TIAY; d. BeRIMIEEZY (IVEY); <11000.
a. Convex (1 ); b. Shallow-basin (1I); c. Deep-hole (III); d. Concave (IV); <11 000.

R 1 WEMET RS FARAE8 4 F IR 740 s B g R

Table 1 The mean size and density of four types of gill ionocytes in Nile Tilapia under alkalinity stress

‘ #H Density (10°4Mmm?) fL4% Size (pm)
Bk Alkalinities (g/L)
0 2 4 0 2 4
I 2.14 +0.18 3.36 +0.23 552 +0.29" 4,07 +0.11 476 +0.19 5.69 +0.37"
R i) 11 1.48 +0.24 2.37+0.17 3.36 +0.21" 3284022  4.12+0.16 4.98 +0.20"
Types of ionocytes 11 1.24 +0.06 2.87 +0.31" 5.85+0.32" 1.06 +0.27 1.98 +0.18" 3.04 +0.14™
v 1.85 +0.25 2.67+0.14 4.15+0.16" 4234023  5.05+0.10 5.96 +0.27"

* RoRGXBAL (BR% 0g/lL) ZREHE (P<0.05), =+ £pREXEAL (B 0g/L) ZERWMEHE (P<0.01).
* Indicates significant difference compared with control (alkalinity 0 g/L) (P < 0.05), =* indicates extremely significant difference

compared with control (alkalinity 0 g/L) (P < 0.01).

AEHANET (B 4. HEIET, BARNE 3 3¢

All. CAIV. SLC4A4 F1 SLC26A6 FH
FCAIL. CAIV. SLCAA4 RISLC2BAS FITER o 1 o et T B B b T 4 M

N (E5), iﬁﬁ‘lﬁﬂﬂ
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Fig. 3 Immunohistochemistry of gill of Nile Tilapia under different alkalinities (40 %)
i Sk R e RV BHMEAII . Arrows indicate positive cells.
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Table 2 The distribution density of four types of positive cells in gill and kidney of Nile Tilapia

under alkalinity stress

_ 1 Gill ' Kidney
B Alkalinities (g/L)
0 2 4 0 2 4

CAIl 6.67 £0.47 12.33 £0.62 18.33 £0.29” 314+026  7.36+0.48 1152 +0.39"

o CAIV 6.10 £0.16 12.34 £0.35 15.67 £0.21" 4264031  6.37+0.17 12.36 +£0.28"
S Types . . -

SLC4A4 5.33 £0.42 9.67 +£0.38 14.00 £0.49 325+037 827 +0.33 15.85 +0.34

SLC26A6 6.68 +£0.42 12.01 £0.60 17.35 £0.49" 4054025  7.67+0.29 13.15 +0.41"

* FOREXTIRAL (B 0g/L) 2R EFE (P<0.05), = FopREGXA (BE0gL) ERMEE (P<0.01).

* Indicates significant difference compared with control (alkalinity 0 g/L) (P < 0.05), == indicates extremely significant difference

compared with control (alkalinity 0 g/L) (P < 0.01).

AR EE— M EA Z MR T, 6
HH IR S 40 i e S B A R YRR A B T
i, EEERRSE WAL AT A
B EE T Je &' B e e A R (0. 2. 4 g/l
NaHCO3) i ™ b &4 o i) 284k, R IM
BT AR AR N RS, XS B R R
i B E A T EFHSE 2012) M2k
ft1 (O. niloticus @ % O. mossambicus &) W5
W4AE T (Thammaratsuntorn 2015) 4451 i
fif5 e 287 A0 B o AT AR TR . FUIE SR L
P HEf (0. mossambica) hJE YL TR
BrSm g 3RS R (Lee et al. 1996,
2003),

TEFNB RGBT T, B 40 i ] e R 4%
AFEVER, Z 5 AR S izt (Wang
et al. 2009). FWIHIFTRY], WAKTESE 5
B A0 B A AT AE 3 FhRAL: PR oS Y
(wavy-convex) B¢ I 4, JRAEAY (shallow-
basin) s I[ 4, ¥R{LA (deep-hole) ERIIIZY.
Climah A BT FUR I, IR o ke 2 g 1 41 i
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A AD 1 EEAEHE 9T CUR 2k, Ak
RCITAD $13% Ca® [l (Chang et al. 2001).
BORTF TR, SE e B AR TR IK 2] 70%
KSR, BoRT 4 A FTEA R B
T RALE (pit), (A (convex). [M]
47 (concave) Alkili %Y (transitory), Fi 3

Tl BT () 8 A0 MO AE VR K TR B, JEN 70%ih
KIS, A Bl O, kol DA B A
Je 8L (Choi et al. 2011). AHBF5H, 7EAIH
T E R, s E e B AR A 4
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AR R I 4t LR R 28

BEAG RS N, B 40 BT AL RS R R
WAL, X it FGfF (Acipenser schrenckii)
it (ERFIEE 2006) FlEEMY (Oreochromis
aureus) (ZEH]4E 1998) 7EihEEYIML T, @
0 M T LR ST B 5 T v i 4 K 1 45 SR A
Bl EBREEMNG R, 202k e 2 4 T
LR P B Bk B B A Mmoo K
(Thammaratsuntorn 2015). HEBIHKE Hrid )5,
Je & B A ] fEal i KR T AT LR R
fem L TIE e ), AERR AR SIS T
WALAL (A & 740 M n ek 2 3= 4 H .
FEVR KA, RALAY (IR & 740 i T LR~
A IS, BEAE BRI, 4 Fhw 2 240
LRI S83E O, S, RFLEY (TTTAYD B
T IFFLR ST K P2

AN e R, 8 S % H o bl
FHOEER NG & . XKW, WUEMNEE, 2
P YA TR I A R, S 5%
FRAN B TP RS E R s . AR s
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Fig.5 Immunohistochemistry of intestine of Nile Tilapia under different alkalinities (40 %)
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B G925 BH P 41 i 35

08 P 3 S AN T 22 N SR, X
{5 22 3 [H1 125 - 40 B o0 AT I i M B M 42 4 2 —
o FHIFFURDL, 68 E R A0 R T R
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