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paraformaldehyde®t 1% glutaraldehydeo] E3d m Aol 2473 d Lo 13 E 71E
o] Zt4ah-g bl (paraffin) ol Zoid F 2um F7e] B2 A& F lectin G4L AP T
23, 11789 biotinylated lectin 5 RCA-I, PHA-E, SNA, WGA, MAA, SBA 52 v
2% 733 Aoz FMEL, DBAY PNAE £559 22, Con A%t UEA I& <3
S-& Btk LCAY A vi$ 33t wtgukg B} 7lE Zhet 23 {Ae f-D-Galac-
tose, D-Galalctose, D-N-acetyl-galactosamine, NeuAce(@2,6)Gal, NeuAce (@2, 3)Gal,
D-GalNAc, A-D-GIcNAce] 493 E3d Aoz AW e¢-D-Glucose ¥ a-D-
Mannose® a-L-Fucosew A& Aoz F3dc) o439 AAz 7l Zte 3 Falde o
2] Ao ol EFH USE THSFAT(RIEA] 40:1763~1769, 1999).
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= Abstract =

Lectin Histochemistry of the Mucin on
Corneal Epithelial Surface in Rabbit

Eung Kweon Kim, M,D,, Jung Won Park, M,D,, Su Jin Kim, Ph,D,*
Shin Jeong Kang, M,D,**, Hyung-Lae Kim, M,D,***, Ji Hyun Lim, B,S,

The mucous layer located on the cornea epithelial surface is mainly com-
posed of mucin. It is unique in being composed of a central protein back-
bone surrounded by an outermost dense oligosaccharide matrix, yet its pre-
cise composition is still unknown,

In order to contribute to an understanding of the poorly characterized
mucin of the corneal epithelial surface, we investigated the distribution of
specific sugar moieties, an important component of mucin, in rabbits using
biotinylated-lectin complexes and inhibitory sugars with 11 different
lectins (RCA-I, PHA-E, SNA, WGA, MAA, SBA, DBA, PNA, UEA-,
LCA, Con A). The corneas were fixated with 1% glutaraldehyde-1%
paraformaldehyde for 24 hrs and then embedded in paraffin. Lectin (20ug/
ml) staining was performed on 2un thickness sections for 8 hrs. RCA-],
PHA-E, SNA, WGA, MAA, and SBA reacted intensely. DBA and PNA
bound moderately, Con A and UEA-I bound weakly, and LCA bound only
slightly to the surface of the corneal epithelium. The strong staining of
RCA-I, PHA-E, SNA, WGA, MAA, and SBA showed that f-D-Galactose,
D-Galactose, D-N-acetyl-galactosamine, NeuAce (@2, 6)Gal, NeuAce (@2, 3)Gal,
D-GalNAc, and #-D-GlcNA are the main components of mucin on the
corneal epithelium in rabbits.

The authors’ results showed that mucin on the corneal epithelium in rab-
bit is composed of complex glycoproteins(J Korean Ophthalmol Soc 40:1763~
1769, 1999).
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Fz71 a2 FHE 3 (oligosaccharide)
FAA 2 e Fale] Fxe B4 g i
AR 9 240 digle] E2 gzl 3ol glth
Lectin® AT, A% E£F F50dA4 4" &
W2 e GuldRA Zb7] A G 4
e 540l ol EFUle] dA ARel FAol
Fgso] JeR AFE W37 Hstd 2elx 9l
Y EHA k) Gl Zeke] Ay, dd F
WA Zoll thg lectin®] WHe-& WHEEFNOPT
2% Al tigh d+e ol FARAA Ut
o] A9 HAHL Az FFH lectin "
Eo]A Z(inhibitory sugar) & ©]&3k] |Al,
CEAMZogx 2 BERAe] 2 A 2FE
ue

AEEELS AL i Ao] gle AF
2~3kee] WAZIE grie] 122t AHESHST TR
¥ pentobarbital sodium (Entobar®, 3=
HFg A FAlete] AT FAl 0.12M
Fxe QlikekEg (phosphate-buffered-saline
solution ; PBS, pH 7.4)°l 1% paraformalde-
hyde®}t 1% glutaraldehydec] 3| u3HE
derete] et 39 FAlEE it 3ol
13" JtEY g HEd FA| FU 1
Hofl @b ALX 24r3F A F gy
< AA e} (paraffin) o Eojstch

2 oAdgo|d ALE3E lectin® WGA, SNA,
MAA, Con-A, PNA, RCA-1I, DBA, SBA
(Vector Laboratories, Burlingame, CA,
U.8.A), PHA-E, LCA , UEA-I(Honen cor-
poration, Japan)2 11&F]c}

2. Hyey

538 el 55 2m e dHoz A
23 #Hd AA T A E AR £
lectin F4S oh57 o] AldstqTt,

23 & THFE 5~108 A ¥ 0.3% st
FAaF (H:00) 7F 39 vjeke g0 20870 &

2 A lectin 94 —

o O lectin & MAASH SNAE AHE-E =3 e
0.05M Tris buffer2 1, Y#3} lecting A}
48 22L& (0.12M itkEgdoz A Yl
ot M 5ol wkEg Fo|7] fla 2 1%
bovine serum albuming 5%3F ¥HgA|7) Th&
Tris buffer ¥v AAFEA0 2 A3k
Biotinylated lectin(lectin®] &%, 20ug/ml) < 4
C, moist chambero|A 12A17F wkg-A]ZE 1
T ZAEE 0.12M tskzgdoz 1083 Al
Ay, 22& UltraTek® anti-polyvalent
antibody (ScyTek laboratories, Logan, Utha,
U.S Aol 1083 vEgAIZ 3, Qlikek3gollo
1083t A1A38la UltraTek® HRP(horse red-
dish peroxidase) 2 1083 ¥HgAIAY, 1 ¥ =
2 0.12M QIS gd o R AlHatg) on A
A¢l AEC(3- Amino-9-Ethylcarbazole}) &8
2E WA 3, AN S-S FFHe2 i
| & AlAH3ta 58712 hematoxylin 2GS
A Olympus #vldez &3 2 #94 (D Plan
100x. NFK 2.5x) 3tk

7} lectin®] 57 %2 ®kg3le @58 E Ve

o33 Zck(Table 1).
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o o AgdleE lectine] A FEs1A|
Fethe 2E #w3l7] dslde dzTe] Hasl

Z Eolido] 9le 2 A¥ (inhibitory sugar) &
lectin®} Al&#lol A 4A13F v]E] wkgAIZlo 2M
AHEEtaLAL BHE lectingl AEsd S vlE] A
71 T 47l 8 FA biotinylated
lectin GRS AAsle WHES AMESITh
2 A8 ALgE Y Bold 29 Fxe 1.0OM
ol o] FHE th3# ZH(Table 2).
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AidE)e] #FHAG(Fig. 1). A 48
e A A FAE lectindd EIE
anti-polyvalent antibody3¥& AEC(3-
Amino-9-Ethylcarbazole) 7} &AMA1Z1 Aotz

Table 1. List of lectins and specfic glycoproteins
used in this study

Lectins  Source Specificity

Con A Concavalia ensiformis  ¢-D-Gle*, -D-Man®
DBA Dolichos biflorus D-GalNAc’

PNA Arachis hypogea 8-D-Gal’

RCA-I  Ricinus communis #-D-Gal

SBA Glycine max /B D-GalNAc

MAA Maackia amurensis NeuAc' (#2,3) Gal
PHA-E  Phaseolus vulgaris D-Gal, D-GleNAC
SNA Sambucus nigra NeuAc (@2, 6)Gal
WGA Triticum vulgaris (8-D-GlcNAc),, NeuNAc
UEA-T  Ulex europaeus @-L-Fucose
LCA Lens culinaris a-D-Gle, e-D-Man

*Gle * Glucose

‘Man : Mannose

*GalNAc : N-acetyl-galactosamine

‘Gal : Galactose

"NeuAc : sialic acid

*GlcNAc : N-acetyl-glucosamine

A 40 A A 7T & 19994 —

A AT 2 F9d 2EE R
= ¥AdRkgoltt

AHEE 11709 biotinylated lectin 5 RCA-
I, PHA-E, SNA, WGA, MAA, SBA &
A ZE zpolglo] BlwA g Aoz JAEHAU
tt. DBAS PNAE $559 ¥g2, Con At
UEA-T& 93t #h8-S B9}t LCAY A $43
4, 5, 6, TolAMT w)- o °o“*\_oﬁ’l§ HA
£ ¥ g dddie SA4ANEE Vet
(Table 3). LT Felet= A=t Zewd

@ Falo] &As)

Table 2, List of inhibitory sugars used in this study

Lectins  Inhibitory sugar Concentration
Con A a-D-methyl-Man IM

DBA a-D-GalNAc M

PNA D-Galactose, Lactose M

RCA-T Lactose IM

SBA @-D-GalNAc, Galactose M

MAA high concentration lactose high concentration
PHA-E  «-D-GalNAc M

SNA «-D-GalNAc, Lactose M

WGA a-D-GlecNAc M

UEA-] o[ -Fucose M

LCA a-D-methyl-Man M

Table 3, Summary of lectin binding of epithelial mucin in rabbit cornea

Experiments
Lectins 1* 2* 4 5 6 T 8"
Con A = +/— + +/— + + + +
DBA ++ ++ ++ ++ + + ++ v
PNA ++ + ++ + + + ++ +
RCA-I ++ + + ++ + ++ +++ +++
SBA ++ ++ +++ + - + ++ ++
MAA ++ ++ + ++ +++ +++ ++
PHA-E —/+ —/+ +++ +++ +++ + 4+ +++ +++
SNA ++ ++ +++ ++ +++ + +++ ++
WGA ++ ++ ++ ++ ++ +++ ++ ++
UEA-T + + + + + - + +
LCA - - - —/+ —/+ - -/+ —/+

* identical cornea
" identical cornea

” Results are expressed as intensity of staining as evaluated by light microscopy. Grading performed on
the following scale: —, negative; —/-+, trace; +, faint; ++, moderate; +++, intense.
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o] Falol i@ lectin G WiFt ¥wHgo = B Aol BEE e 9 FAE
o} ¥h3-8ke lectin®] FRHE zol7t UAATh T A EElo|=E Fulsld A& o] &ste] 33
d AAARQD 1T 28 A4S A% Con A 842 A o 0.6m F=AH(Fig. 1).
BE AQdstane visslda, TH 8W A¥e] o . S

ASAME Gus) ) Aolet g @ A - oeo (oot AAEH

H| =3t o} (Table 3). 471 438 #% 3 biotinylated lectin& W&
e AHE JrFoE AR dRFodMe B
E AgdA 2422 gt

3 ool e F A (inhibitory sugar)
< A% dxToAE PHAE-I, MAA N-
acetyl-galactosamine® AM83 SNAQ A$+=
A9 FErh At en Uwz] Bees BF
422 Ut (Fig. 2.

nﬁ?«'

-

n &

Zhet gs #3239 FAlS Ao B2l AR d4
3l FIHr| o g FAshe HE 71Ee A
Fig, 1. Light micrograph of mucin on the rabbit W FZE % H]Eﬂ'iﬂf’»] AAE 93 Y=

corneal epithelium after reaction with &g 7ltl22 27458 daz 39l Tuori E°
PHAE shows 2 intense yed linelanow) o g | & 93 20=9) acetons aleohole X
e epithelial cell surface. Positive staining
denotes AEC-lectin complexes bound to the ;ﬁ?} F lectin AMS 6}9‘9‘?13“ °lge Ase 2
specific sugar moietie of the mucin on F AR GAE AL BoFglon oy
corneal epithelium.It is not clear whether e e B3e NS ndlerle AR
the dark line(arrowhead) would be the @& AHow HWoltl B JdFaAe ziwr 2o B
margin of the tear film or artifact(x1000). Ae o FHs Ysld BE AUS o]&

Fig, 2, Rabbit corneal sections stained with biotin-labeled DBA with (left)or without(right) application
of the a-D-GalNAc, a inhibitory sugar to the D-GalNAc. The apparent red line originated from
the reaction of D-GalNAc of the mucin with the DBA could not be observed when the lectin
was preincubated with e-D-GalNAc.
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¥ WY (frozen section), 1% paraformalde-
hyde, 1% glutaraldehyde ® CPC(cetylpyri-
dinium chloride) 2 8% ¥ paraffinel o3}
£ %, 10% formalin® CPCE 23% ¥
paraffino] ¥wighe ¥ R 1% paraformalde-
hydes} 1% glutaraldehyde® 133 ¥ paraf-
finol Tejdte Y& AMESHoY o F 1%
paraformaldehyde®} 1% glutaraldehyde® 3L
AP ¥ paraffin o FEvishe Wy 23471 7
.

#A w89 4% 1 FA7 0.02-0.05m"
o2 geiAd gey Nichols $°2 cetylpyri-
dinium chloride(CPC) & ©]&3td zZt9t Ats]
B YA FAlE& B HAI|T tannic acid
2 Mt Azdn|F ez #EF A 0.4~1
m FEe] FAE Baddd. A2 Praydal 5
Y& dAlel Axiglo]l YU £ESE #HeolA
AR 233 A9 A gde] 37 8% A
Aol AN FAZE 31~45m{ 3, Y AAA
20% acetylcysteine® A¢E F wEF9 £
7b 1lme.2 Fadle Ao Hol, & AA
FAe B4 Holly'7} 3¢ TimEch 8 57
+0, %9 diES Aol AAEa vt
THIAT. B AQeM Fdoz dade BE
Fol BE AX o] 2L s AAA Al
Eohie FA: XTHEEA sl AAAE B
nFo2E A3 AL & gy BF A
2 239 WYY 2 wE 21 AL
HAE £5 3, lectin §Y4AAE YT =
golo g 23 HFE WAooz o ¥ &
< A9 FAE FY3le WL B A9 4
€ 43 Be 2t sl s Ude A o
ol @38 & glod, & d¥dA 538 &
& A9 A & 0.6mEA 71Ed LA ¥
B9 F4 A2 0.02-0.05m"EelE Nichols
5% Al JkE £X8 Btk B AgdA
& & 2% 53 & 9433 & 24
@ AFE (artifact) oA FAFAA & &
A & & AUk

Moore ¥ Tiffany*"& Q4 Z9 4y ¥4
9] HAEE polyacrylamide 719 FHE ol &
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3l Mol 7ed Ao & EAFE /KA
mucus-type 393 (glycoprotein) & EHE
F Audn d%en, gas-liquid chromatog-
raphy®} fluorimetry& ¥3td 2 329 4
A% R v]&o] fucose 8.3%, mannose 7.9%,
galactose 20.2%, glucose 15.0%, galac-
tosamine 7.9%, glucosamine 18.8%, sialie
acid 21.9%ekn #3ov 4 o] ojug 3
HE 2 FAE AR dilde =
A A gisith, B AYdA 71E Zbe 3o |
A& p-D-Galactose® W&3te= RCA-I, D-
Galalctose £+ D-N-acetyl-galactosamine$}t
¥rg-3h= PHA-E, NeuAce(@2,6)Gal® w23
£ SNA, NeuAce (@2, 3)Gats} ¥Hg-3l= MAA,
D-GalNAc# 4tg-&= SBA, B-D-GlcNAcH
W-3he WGAd 2§ Fgukgg Jepd Ao
E Hol 7] A¥-& 43F X§ 3 Aoz Az
g0y, g2l1 a-D-Glucose £+ a-D-Mannose
9} wkg3l= Con A ¥ LCA, a-L-Fucosest 4t
43t UEA-I& Y23 4% uhgd B e
2 Hol Y &L HL Zeg FFE &
Ayl Aztsl 47 Moore ¥ Tiffany™''e] &
H7} A8k B AL B dFdMe 39 o)
AAE FE8e 7892 /M lecting AHSR 2
7Y 4% 913, Dohlman F2¢ AHg =z
Fel o] o], e we}l Aelrt Arle
ZAAY QA e} 7HE Alol9 Aold = A& A
o2 yzdc,

Zrabgy] B X Falel A /e &
Adle Ao wiFAEZRE 34 g 23y
FHde A zFdMz FiE AARTE
F&o] o3 3Edl Watanabed?2 @Y
A (monoclonal antibody) & ©1&3tq H4l &
A} ey a (mucin-like gylcoprotein) ©] 1A
Zrepgs] gAY A ¥oM 2% g4 9 dHd
< YA Nakamura 59< wig® 71E
o] ZtFH M E A G ABAQ gefarnate
(ecabet sodium, teprenone, troxipde)& ut
SAIZ A3 AR A AN FAlg FARE B
@A (mucin-like gylcoprotein)©] A H &
A& lectin G2 T3 D, AWZ A
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9] &}etA (submandibular gland) 9l
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