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S 1A} Microphysogobio yaluensis (Cypriniformes, Cyprinidae)
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Structure and Histological Characters of the Olfactory Organ in Korean Endemic Fish, Microphysogobio
yaluensis (Cypriniformes, Cyprinidae) by Hyun Tae Kim, Yong Joo Lee', Hyeong Su Kim* and Jong Young
Park* (Department of Biological Science and Institute for Biodiversity Research, College of Natural Sciences, Chonbuk
National University, Jeonju 54896, Korea; 'Jeonju National University of Education, Jeonju 55069, Republic of Korea;
%Inland Aquaculture Research Center, National Institute of Fisheries Science, Changwon 51688, Republic of Korea)

ABSTRACT

The olfactory organ of Korean endemic fish Microphysogobio yaluensis are described

anatomically and histologically, focused on relationship to its habitat and ecology. The paired olfactory
organs are located at the dorsal snout, and externally consist of two semicircular nostrils and single
nasal flap. They internally have rosette structure with 22 to 24 units of lamellae and the raphe inside
the olfactory chamber. The lamella is made up of the sensory and the non-sensory epitheliums. The
sensory epithelium has olfactory receptor neurons, supporting cells and basal cells whereas the non-
sensory epithelium has stratified epithelial cells, ciliated non-sensory cells and mucous cells with
acidic and neutral mucins. These structures might be considered that M. yaluensis has the olfactory
organ which corresponds to the high sensitivity for its habitat and ecology, and is usable as a

taxonomic key.
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M =

% o]t (Cyprinidae)ol] &8t 22 A (Microphyso-
gobio)2 FolAloto] 28F0] HI1E o] ¢ O™ (Huang et al.,
2017), 2 5 BALXA Microphysogobio jeoni, I FAF M.
koreensis, WMl 7}AF] M. longidorsalis, =9 A} M. rapidus, &
ulz} M. yaluensis® 53L& BT ZUjogt BXsl 183
o]t} (National Institute of Biological Resources, 2013). ©] 7
2 Al o2 F vaste] 3, 37, G4 ]' ‘fr
% 9 oS SYalA oo g BUSIaHA REel
Stk w3 WEAo| WA el foo] e Aol

mouleo] AASEA, BHER § 24 23S F2 44
5l= Ao Z &4#HA Atk (Kim and Park, 2002). o &9 72k

Pﬂ—.~

-T~Iil°

*Corresponding author: Jong Young Park Tel: 82-63-270-3344,
Fax: 82-63-270-3362, E-mail: park7877 @jbnu.ac kr

— 161 —

i ol 29 94#— ?‘%’EH% 53 A 54T A4
A g7 A-33 2 U=Hl (Motta and
Kotrschal, 1991), %‘8] 3}27_}7]-5-_4 S 2 =Zsd EXNE
o AAAel 2o U SR aasd ue DHT AVHE
Uelyj= Ao 2 B35}l Q1th(Ghosh and Chakrabarti, 2009,
2011; Kim et al., 2016). Y& o] 7oA FZ7|3he] gt A
7 48 B 3% v} Q)9 v}(Hansen and Eckart, 1998; Ghosh
and Chakrabarti, 2011; Waryani et al., 2013), E0}A}¢} 22 A
A E34 (bentho-pelagic) E+ EFA] (pelagic) o 7ol &3t
52718 AT e vjuld Agoltt maby B dATE
2 9% Bubx TR Tae 2 4L B
AN 2 A AT dBYL FEsT E By 2
2oy @479 7| 2A4RE AR et
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1. MRz

0

201849 3EREH 49712 HAF FAY HERE ddE
A 9] (35°37'46'N, 127°12'07"E)l Al F (45 7x7
mm)& o] &3te] A%3 Eubb(AA 51.7~59.3 mm) & 200}
22 ARt FFNA 10% T4 E22 FHo 1559

1A Euk RO 2247|3 AA|@n]F (Carl Zeiss,
Germany)3}ol A 3|52 (Surgical blade stainless No. 10, 11,
Japan)Z ©]-§sto] AT ¥ HAE 74| 2H(TG-3, Olympus,
Japan)2 Zgsto] E43}5 ).

F2710e) 23 9 AENY SHL A7) 9190 U
2ol gtetd ¥} microtome (Leica 820, Germany)S ©]
43to] 5umE ZHSE & Harris’s hematoxylin-eosin (H-E)2
= AEAH(Gurr, 1956). E3H FAA|3E (Mucous cell) 2]
pHSE AZE URRY BAL A 2T 2SS4
= 5% 223 AFE HAISHATH(Park er al., 2003): 1)

Masson trichrome (Masson, 1929), 2) periodic acid Schiff (PAS)
and diastase/PAS, 3) hematoxylin, Weigert iron and toluidine
blue, 4) alcian blue (AB pH 1.0, pH 2.5), 5) mild methylation,
methylation-saponification and Aldehyde fuchsin-AB. o]AF3} Z¢
o] Mgt AFEL Fstdu|Z (LM; LE REL 4 4, Carl Zeiss,
Germany)stol| A 2 2l sttt

A0 W o3

o

= AfF SRR F217] 3 (olfactory organ) 5]
of e g oz YA e, 24 71He oF FH
28] 3 (anterior nostril), $H]|¥ (posterior nostril) 121
b 712 ¥ A (nasal flap) o2 FEET}H(Fig. 1A). & €&
T ES et 22 o5l AHE(A7,043~0.58
mm)S2 {F{Eo] E43% THF (AF, 0.67~0.79 mm)S
FalA wEET. £ vlFAelof] YA|sh= HF AT ofA]F
o PN FRRHEE EFEFHoUT 4718 YR 1
7§€] H|7} (olfactory chamber)o] E£A3t=t] H|7Z}-2 o8] 7}
9] Tt (lamella)@ 7FH T4 (raphe) 22 FAH ZAE F
Z (rosette structure)E X3t} (Fig. 1B). 229 £ (22~24

SR

flo St r|r ofn

Fig. 1. Gross structure of the olfactory organ in Microphysogobio yaluensis. A, the external view showing the anterior and the posterior nostrils
and a nasal flap; B, the internal view showing the rosette structure (the below inserted diagram) with in the olfactory chamber. AN, anterior nos-
tril; L, lamella; NF, nasal flap; OC, olfactory chamber; PN, posterior nostril; R, raphe. Bars indicate 0.5 cm.



71% FeHl= 52 Woll A&t Sinocyclocheilus jii®t S.
furcodorsalis (Waryani et al., 2013), 3}4 2] £, +2, 30|
5ol A= Cirrhinus reba (Ghosh and Chakrabarti, 2016),
719 By 999 B 2, A2 $AE AZ8He Catla catla
(Kumari, 2008)2} Z2 v d S5do|H 5 E+= AA &
249 A 4S5 2= tdE JolF of=dANE 47
Haugut oot webi vF HFARSR LAHEHE F2
A Pz JolF o7 Y YWt EAY ST F5E| 1} (Zeiske
et al., 1992), 0] W 27} 2AW} o BWad Hoz wal
o E3, EupAbe] $ue vhEeol WA 9 WS YEl =
H] ©]= Yamamoto (1982)9] G typeol 3d3tH, o]t FE
FArL 3oy Tribolodon hakonensis, 23 FA] Pseudogobio
esocinus, W] Zacco platypus?} Qo] Cyprinus carpio®l]
A= &ole Hf Qlth(Yamamoto, 1982). I8} Eupxie] &

S0pXtel 22712 163

o = 22~24702 Puntius sophore®| A 16~187l (Ghosh
and Chakrabarti, 2010), Y oJo| A 25~267l| (Chakrabarti and
Hazra Choudhry, 2007), 22| F 2] o]l A 107} (Yamamoto, 1982),
Labeo bata®)| X 24~267}] (Ghosh and Chakrabarti, 2013)2 &
TE OE Yol olREY vus BE 5 FRE B
o Aol et Qe WS 2o TR TR
& (olfactory receptor neuron)©| Wgsl= FHA O Z719l
WE7] W 2o o7/t A2 T7bof & JEEE Ho|
= AL=R ou|d = QJth(Zeiske et al., 1976). WahA E0kx;
o W2 UL =2 37 JEAS UEs 28I FA
2 Azt o3 AL ERY EAoE: &8E &
& Ao 7 wotE)

2254 AFAE v Y EAE Fxe FAL oY
SHEE FAEHE S QG + Ut (Fig. 2A). 4L
EAE 2 T4 AASHH ZF SR AZET FH(F
A, 104.9~225.1 um)2] 2|2 77+ (sensory epithelium)Z}
B Z+Z} (non-sensory epithelium) A3 J o2 FEHT}H(Fig.

o
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Fig. 2. Histological characteristics of the rosette structure of Microphysogobio yaluensis, stained with hematoxylin-eosin (A, C, D) and alcian
blue (pH 2.5)-periodic acid Schiff (B). A, the rosette structure with several lamellae in cross section; B, the lamellae with the sensory and the
non-sensory epitheliums; C, the outer margin of the lamella; D, the middle part of the lamella. Arrow, dendrite; arrowhead, mucous cell; broken
arrow, blood capillary; BC, basal cell; CNC, ciliated non-sensory cell; CT, connective tissue; L, lamella; NSE, non-sensory epithelium; ORN,
olfactory receptor neuron; R, raphe; SC, supporting cell; SE, sensory epithelium. The bars indicate 500 pm in A, 200 pm in B, 50 pm in C, D, re-

spectively.
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2B). AAATE YFFATZ 02N FUHANH, ANAE

(supporting cell), 7] A A3 (basal cel ) 52 T+ H T} (Fig. 2D).
A7 AL 7| A A AuEo AR F4F (axon)Tt
F4E7) (dendrite)y 5= S E= =4 AZBAZo|th H-E
Ao A o]F9 HL Zg HepAE Yehfn, £AE7]=
AT ZYRS e BAML A3 NS wolth} A
% BE B ISR @S BENes JuHdT. §
Frddte g24, AN ZE

77} 29 A=Y 71de 2A
@ekon BHdE Y s AT AEde yehdth 7| A A
Tl Ao Wl sl X5 2 type (HH Y, EFEE)Q &
HoFS HYld o]E5L J|AR ¢ 17 oz AL} H)
AN e ZEHPA T Zo2 S 7lAxlE] RES

g st SAAFT A A (stratified epithelial cell), ]2

ELA|3E (ciliated non-sensory cell), FHNEZEZ LA H T} (Fig.
2B and ). 3/ HA| 2= AT REES A= AlZo]
o BHY] da o HEo| 08 Alxd EAE UEdt H]
AAABEAZE A5 245 AR5t sde 1 o
39 AEZAE UsiH AZ 2o B2 9 HRE B
ot Aol EFoltt. o] AEZE 3~4719 FHAZS} Y
AsHA A8 shte] 2F3E FAeH FAA 2= 44
29 AI7olo AXehH HFZE 2 Ao 7] A Fof T
ot A 2d-2 H-EgAo] 3422 wh3-3ith,

i)

AztE e a4 Z]Z]*ﬂ NAMEZ= TEC £
7+e] 715& 57| A A NExEo|oh wEkA o
H&EY AZoREL o= ’\ﬂ =< A4 E&35t
Al Ft}(Hara, 1986). =0k H|HZAA T E A5 34
Ao AN, BT EAZ, AN EZ ESF TFE Yoj& ofF

(¢

9] TZy7|e] R B2 AtollA &=A BF 9tk (Ghosh
and Chakrabarti, 2016). 121} & QoA FZo|F2] dxt
4ol B4 HlmEs Sk 2717 SolHel 274 =
Aty AaE AAgH AA, SviY BR A A 2=
FRARR gAY dEeh 2-37h9) AE
b wAEtel DgSE olgt ABolRAA MALERA R
= S84 vy E5tA BEAER| T A2 e} H|Zh
2tapslo] wrers) Al whek choR 9lAsh AR
£ Yetdith Eupxiel= o2 4 Pantodon buchholtzi®} 501
Carassius carassius| A B ZZA RN EE DT A F
Ex0o 2 BEHY AT Pantodon buchholtzio| A= 229
AZ7F E)2 WA= vt Carassius carassiusO = &
nlzpe}l Zho] ol gl 7|9 27} 183HE o]} (Hansen et al.,
1999; Hansen and Zielinski, 2005). tH, H|ZHZHA 2 A Z = A
E wue EHE $A0) o) FHue) 9k B3t 49
9] o]FAY =22 F= ZoZ &HA t}(Zeiske et al.,
199, £, B A IVSE U4 FY
ABOIRON FASlS| 74 BEFRE 1) T 22t

Table 1. The nature of the olfactory mucous cells in Microphysogo-
bio yaluensis, identified through each techniques

Employed techniques Mucous cell

Hematoxylin and eosin -
Weigerts iron -
Hematoxylin

Masson trichrome

PAS R

PAS after digestion in malt diastase/PAS R
Alcian blue (pH 1.0) B
Alcian blue (pH 2.5) B
Alcian blue/PAS B,BR,BN,R
Toluidine blue O [-meta
Methylation/saponification/Alcian blue B

Mild methylation/Alcian blue B
Aldehyde fuchsin/Alcian blue B

B, blue; BN, black; BR, blush red; R, red; f-meta, metachromasia; —, no rea-
ction

vz alof ojs Sl A4 wi|, 2) vz a]of 9
3 2EEe 92 e, 3) A9 #E, 4 43 Y F 47
A g¥o2 HuH v} 9tk (Yamamoto, 1982). 71X 9] &
oM Soiate] dsd g hE ol ojRold A
Aoz IIEE= FFolH EETF oS (Periophthalmus) T
= &% (Boleophthalmus) 91759 4% £+ 744 o
®l (Kuciel et al., 2013), S22 & (Beloniformes)2] A<
(Oryzias) 21572 W2 9& (Kim ef al., 2016)TH= *Jo]E X
Qlt}. (Yamamoto, 1982). L&} o]#3t HxoFAte 7+o &
oAmet BAGE F7 Aol B Lrehh7] mEol (
1982) gh=t4lt B FAME: 5 F9 2w Ex
F7HE Q] A7 2o Ao g AZHT

2HBePE AolA], AAAEL 3 743 4 (PAS, diastase
PASO| A Z2; alcian blue pH 1.0 and 2.5, Methylation/sapon-
ification/AB, Mild methylation/AB, Aldehyde fuchsin/AB®]|
A =2 toluidine blueo| Al -metachromasia, A ¥z}
AN F 7HA] o) 4+e] TRt M (AB/PASOA THAA, B
A HAZA, w2 742 Hh-g-RtTh (Table 1). o9} 2
2 Z2BERE HJINZ JES A 2 FAY A
(sulfomucin)@ &1 E T},

-

Yamamoto,
G/l gt

XH 012 il OP(net charge)Oﬂ Eﬂrﬂ} A R FHeE ERE
™ (Forstner and Forstner, 1994), 71 & AHg 9] HAlL thA] 3
Hoael Aoz 7RE 2 9ok (Filipe, 1979). o2
oA A FHAE AEZ B Y 7hA wghat F2e],
Atk d718) 24, o] 2F, ARYS 2ET L2 Vse
35} (Shephard, 1994), 53] R84 1t WsHA A= o]
A&Ho g2 Ee 9 318H4 Jiks 9 == oprtu], A3HH,
o5 S sl AH= T2 ARz dEA
21tk (Sharma and Schumacher, 1995; Jeong and Jo, 2007). w2t



A Erpatoll A oA o] Y A AA oA 9| B}tH4
VT Ao 25 47| ABAZE Z¢ o E F
8 AEZSE B 8 A== A=t

"ot Z7HA ofF W o] Bt HE 117} IS
AT (Hirsch and Margolis, 1981; Kim et al., 2018), o2
S2}7| ol A AL B A3 7|52 o|d}r] o
B35 J2EE ol 7|3y FA9 gt
24 9 A5 x&2Q & A7 H 28 AL
Azt

HUrSL'rlr&l'_hL

2 ¢

3= I-{E EnlR} Microphysogobio yaluensis® 3-2+7]3
I A D A et] ABAgS dotRr] Yl AA |@nF
I FEn S o] &t Fx 9 2ATA EHE TAbSH
Aot 47|82 RA SR Au|F, $H]F 1L H[HA
1}_]-3; T = /J\ o, YR E 22~24709 ZHET} HjA S
A2 u of v = o] Fo|A Q)
A7, AANZ, 7 AN ZEE T4

Ao, NS SR, WA, AL
FHE 2 PHL YANEER FHH k. ol
FAVNHEY EAEL SR £ FABUT 2A 1
3 A4 SAol DT BAT U Ao AzEE B
FoHd d7olE 289 4 92 Ao AguEn

2 =22 20179 AR (S Ado= F=4d
TG A ARG ol £HY 7 2ATALY (No.
2017R1D1A1B03028268).
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