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primers  probes , in situ
hybridization MUC1
1. Lectin

. Lectin
(1)
pentobarbital sodium (Entobar®, )
0.12M (phosphate buffered saline

solution; PBS, pH 74) 1% paraformaldehyde 1% glutaraldehyde

24



lectin  WGA, SNA, MAA, Con-A, PNA, RCA-1,
DBA, SBA (Vector Laboratories, Burlingame, CA, USA), PHA-E, LCA,

UEA-I(Honen corporation, Tokyo, Japan) 11 ( 1.
(2)
2
lectin
5 10 0.3% (H202)
20 lectin  MAA  SNA
0.05M tris : lectin 0.12M
1% bovine
serum albumin 5 tris
. Biotinylated lectin(lectin ;20 /) 4
12 . 0.12mM 10

UltraTek®  anti-polyvalent antibody(Scy T ek
laboratories, Logan, UT, USA) 10 : 10
UltraT ek HRP(horse reddish peroxidase) 10

012 M
AEC(3- amino- 9- ethylcarbazole) 2 :
5 hematoxylin
Olympus (Olympus, T okyo, Japan) (D Plan 100x.
NFK 25x)
lectin ( .12).



1. lectin

Lectins Source Specificity

Con A Concavalia ensiformis a -D-GIc’, a -D-Man”
DBA Dolichos biflorus D-GalNACc

PNA Arachis hypogea B -D-Gal’

RCA-1 Ricinus communis B -D-Gal

SBA Glycine max o/ D-GalNAc

MAA M aackia amurensis NeuAc' (a 2,3)Gal
PHA-E Phaseolus vulgaris D-Gal, D-GIcNAC’
SNA Sambucus nigra NeuAc(a 2,6)Gal

WGA Triticum vulgaris (B -D-GIcNAc), NeuNACc'
UEA-I Ulex europaeus a -L-Fucose

LCA Lens culinaris o -D-Glc, a -D-Man

"Glc : Glucose

‘Man : Mannose

* GalNAc : N-acetyl- galactosamine
° Gal : Galactose

"GIcNAc : N-acetyl- glucosamine

" NeuNAc : sialic acid

. Lectin-gold

pentobarbital sodium

0.12M 1% paraformaldehyde 1% glutaraldehyde



0 4 2 :
TEM (transmission electron microscopy) 1 x 3,
SEM (scanning electron microscopy) 3 x 3

. Microcapsule(Eli Lilly, Indianapolis, IN, USA)

0 4

0.12M (cacodylate buffer; pH
74) microcapsule 0
4 2% osmium tetroxide 1 30

0.122M ;

alcohol Lowicryl HM 20 mixture 60

24 : microtome ultra cut(Leica, Wien,

Austria) . Lectin-gold WGA

30 . Nickel grid uranyl acetate lead
citrate , (TEM: Philips

CM - 10, Eindhoven, Netherland, SEM: Hitachi S-800, T okyo, Japan).
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2. RT- PCR in situ hybridization

. RNA

RNA Chomcaynski " AGPC(acid guanidinium thiocyanate
phenal chloroform extraction)
Bard- Parker 15
100 2 solution D(4M
guanidinium, 25mM Sodium acetate, 05M Sarcosyl, 0.IM [3 - mercaptoethanal)

water-saturated phend 11 , 02
chloroform 15 , 5
4 12,000 g 15
isopropanol 15 4
12,000 g 15 . 75% ethanal
5 DEPC (RNase-free
) 260 nm

RNA Perkin Elmer
RNA-PCR core kit(Roche Molecular Systems Inc, Branchburg, NJ)
05-1 RNA 10
buffer 2 25mM MgCl: 4 , 10mM dNTP 2 ,

random hexamer 1 RNasin(RNase inhibitor) 1

- 11 -



1 20 10 , 42 45
A 5 . cDNA

human MUC1 specific primer (5" primer TCTCACCTCCT CCAATCAC,

3' primer GAATGGCACATCACTCAC) PCR
), template 20 20pmol primers 1
, 10X buffer 8 , 25mM MgCl: 4 94 5
05 Tag polymerase 100
94 30 ,5 1 ,7 2 cycle 40 last extension
72 10 Perkin Elmer PCR (Gene Amp PCR

System 2400, Roche System Inc, Norwalk, CA, USA)
ethidium bromide 2%

agarose gel PCR marker(Promega, Medison, WI, USA)
UV transilluminator
MUCL1
cDNA template

MUC1 (368 bp)

gel extraction kit (Qiagen, Hilden, Germany)

pT 7Blue T -vector(Novagen, Medison, WI, USA) 16
8 : Gene pulser(Bio-Rad,
Hercules, CA, USA) E. coli(DH-5a )

, Wizard Plus SV miniprep DNA purification system

(Promega, Medison, WI, USA) plasmid DNA

- 12 -



(ALFexpress'” DNA  sequencer,

Amersham Pharmacia Biotech AB, Uppsala, Sweden)
NCBI (National Center for biology Information)
EMBL Gen Bank site BLAST program human

MUC1 sequence(Gene bank accession number; J05582)

. In situ hybridization

-30 isopentene
M1 embedding matrix (Lipshaw #1310) 6
gelatin coating slide . 4% paraformaldehyde 10
proteinase K 37
30 . Prehybridization hybridization
. Hybridization 50%(v/v) deionized formamide 4

saline- sodium citrate(0.6M sodium chloride, 0.06M sodium
citrate), Denhardt's solution(0.02% ficoll, 0.02% polyvinylpyrrolidone,
0.02% bovine serum albumin, Sigma, USA) 10% (w/v) dextran

sulfate, 250 / yeast tRNA, 05 /  denatured salmon sperm DNA,

10mM DTT : hybridization *S anti- sense ribo
probe(2x 10'cpm/ ) 52 16 hybridization

. Probe 2 MUC1 tandem repeat : 450
bp 345 bp 5" MUC1 tandem repeat

Dr. Michael A. Hoallingsworth(University of Nebraska Medical Center,
Omaha, NE) : probe
*s : plasmid(1 / ), 5

- 13 -



(4 , Promega, Medison, WI, USA), 02M DTT (2 ),
25mM GTP/ATP/ICTP (2 , pH 80), placental ribonuclease
(1 , 100U/ ), *S-UTP(5 , 1000- 15000Ci/mmol, 10mCi/ , NEN), T7
or SP6 RNA polymerase(l , 10U/ , Stratagen, La jolla, CA, USA)
37 1 in vitro
2 SSC-50% formamide 57 15 2
posthybridization
photographic emulsion(NBT - 2; Kodak, Rochester, NY, USA)

4 3 hematoxylin

100 200 lysis (25mM HEPES pH 75, 0.3M

NaCl, 15mM MgCl., 02nM EDTA, 0.05% TritonX-100, 20mM

- glycerophosphate, ImM orthovanate, 05mM DTT, 04mM PMSF, 2 /

leupeptin, 1 /  pepstain) .4 15
12,000 rpm 10

Bradford 5 SDS

sample (60mM Tris HCI pH 68, 25% glycerol, 2% SDS, 144mM

2- mercaptoethanol, 0.1% bromophemol blue) 4%

stacking, 10% separating SDS- PA GE (sodium dodesyl
sulfate polyacrylamide gel electrophoresis)

acrylamide Immobilon-P(Millipore corporation, Bedford, MA)

- 14 -



PV DF . PVDF 5
(25mM Tris base, 0.2M Glycine, 20% methanol) 5-10

PVDF 300mA 4
neuraminidase . 50mM
sodium acetate, 10mM calcium acetate 0.1U/
neuraminidase(Type V; Sigma, St. Louis, MO, USA) 37 1
TBS-T(0.1% Tween-20 TBS(tris buffered
saline); Tris base, NaCl pH 76) 5 (5% (W/V)

non fat dry milk, 0.1% Tween-20, TBS)
HMFG-1 (human milk fat globule antibody (Biodesign,
Kennebunk, ME, USA)  1:100 2
anti-mouse IgG(Amersham Pharmacia Biotech,
Buckinghamshire, England) 1:1000 1
Enhanced chemiluminescence (ECL; Amersham Pharmacia
Biotech, Buckinghamshire, England) 1

Hyper film ECL(Amersham Pharmacia Biotech, Buckinghamshire,

England)
4.
4 4% paraformaldehyde 3
2 4
xylene 5 6 , 100% ethanol
5 3, 95%, 85%, 70% 5

5 2 ) neuraminidase

- 15 -



(Sigma, St. Louis, MO, USA)
50mM sodium acetate, 10mM calcium acetate pH 6.5
50mM sodium acetate, 10mM calcium acetatepH
65 05U/  neuraminidase 37 1
Ultra Tek® HRP anti-polyvalent Super
Block 10 . HMFG-1
VU4H5(antibody to tandem repeat portion of human MUC1;, Santacruse

Biotech, CA, USA) 1:100 4
0.02% Triton X-100 5 3
Ultra Tek® anti-polyvalent antibody 10
UltraT ek™ HRP 10

VIP substrate kit for peroxidase(Vector, Burlingame,
CA, USA) faramount (DAKO, Carpintera, CA, USA)
(mounting) (Olympus AX-80, Tokyo, Japan)

- 16 -



1. lectin

11 lectin
. RCA-1, PHA-E( 5, 6), SNA, WGA ( 7, 8),
MAA ( 9), CON-A
, PNA , SBA, LCA, DBA, UEA-I

2. lectin- gold complex binding

lectin  WGA lectin-gold complex

, lectin gold

( 10)
( 11) WGA lectin-gold
WGA lectin-gold
( 12)
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WGA lectin-gold complex

( 13)
( 14), WGA lectin-gold (
15)
WGA lectin-gold
3. MUC 1
RT - PCR 368 bp MUC1
mRNA ( 16).
primer 368 bp
, template
MUC1 368 bp

E. coli(DH-5a )

MUC1 MUC1
in situ hybridization MUC1
MRNA anti- sense ribo probe in situ
hybridization
MUC1 mRNA ( 17). sense
ribo probe ( 18).
MUC1
MUC1
210 kD
( 19).
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MUC1
(  20). MUC1

(21
VU4H5 HMFG- 1

WGA

MUC1
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5. PHA-E

.(X 1000)

6. PHA-E

(X 1000)
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7. WGA 8. WGA

.(X'1000) (X 10.00)

.(X 1000)
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10. WGA -gold complex

micovilli
lectin

12. WGA-gold complex 11
WGA -gold complex

( ) . lectin-gold
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13. WGA-gold complex 14. WGA-gold complex

lectin gold

15. WGA -gold complex

W GA - gold
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Marker Corneal endo Corneal epi Nega con

1000
a0
500

300
150 A

50

16. MUC1 mRNA
. 368 bp
DNA size marker,

( ) (template
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17. in situ hybridization
. Anti-sense praobe
MUC1 mRNA

18. in situ hybridization
. Sense probe MUC1 mRNA
( )
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205 — |
140 = :III. o . =

19.
MUC1

SN

210 kD
MUC1 (polymorphism)
2: (60ug), 3: (80ug)

klOOug)
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20. MUC1

21. MUC1
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13)

MUC1-8

5)

. Barany

14,15)

16)

6)

Schroder ruthenium red osmium tetroxide

0.06-0.15p m
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, Sperling”
ruthenium red osmium tetroxide

, urokinase, trypsin

17)

Carrington

18)

(mucous layer) )

19)

lectin

. Lectin

20)

21,22,23)

. Lectin
(a) glucose-mannose (b) N-acetylglucosamine

(c) galactose/ N- acetylgalactosamine (d) L-fucose (e)

24)

Lectin

25,26,27)
’

28,29,30)

. Lectin

, Con-A WGA

31)

, lectin

32)

lectin
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11 lectin

lectin
Con-A, RCA-1, PHA-E , SNA, WGA, MAA
: mannose, galactose,
NeuAc galactose, N-acetyl- glucosamine, N-acetyl-neuraminic acid(sialic
acid) : lectin
Con-A, WGA, LFA(Limax flavus) ,

mannose, N-acetyl- glucosamine, N-acetyl-neuraminic acid(sialic acid)

33 lectin
sialyl lectin LFA
lectin

24)

14,15,34)
WGA lectin
WGA lectin keratan sulfate 35:30)

N - acetylglucosamine . WGA lectin
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WGA-lectin gold complex

WGA -lectin gold

(vesicle)

Klinke *%

(filamentous)

threonine

O- glycosylation
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40,41)

serine

42 43)

pH

37,38)

44)



MUC1

45)

MUC1 ’
047 MUC1

MUC2-MUCS8 ' (secreted mucin)’
. MUC1

. MucC1
200-500nm ,
MUC1 )

49)

MUC1

18)

, in situ hybridization, ,

MUC1

Mucl mRNA ( mucin 1 gene), Mucl knock

MUC1
) MUC1
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MUC1 , MUC1

WGA lectin
o152) MUC1
MUC1
MUC1
, MUC1
3
MUC1 mRNA
, 368 base pair
MUC1 99.5% . In situ
hybridization
) MUC1 mRNA
MUC1 , MUC1
MUC1

210 kD

18,40,53)
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MUC1

(polymorphism)

MUC1
, MUC1 :
MUC1 MUC1

HMFG-1
) MUC1
MUC1
MUC1
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Lectin 1%

paraformaldehyde 1% glutaraldehyde biotinylated lectin
12 , UltraT ek®anti- polyvalent antibody  UltraT ek®
HRP , WGA lectin-gold
complex
RNA , RNA-PCR core kit

MUC1 (368 base pair) plasmid
DNA , MUC1

*s anti- sense ribo probe hybridization
buffer 16 hybridization

MUC1 1,2 ,3

1 11 lectin

. RCA-1, PHA-E, SNA, WGA, MAA, CON-A
, PNA , SBA, LCA, DBA,
UEA-I
2. WGA lectin-gold ,
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MUC1 mRNA

hybridization

MUC1 mRNA
4. MUC1
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Abstract

The structural characteristics and biochemical origin of

corneal endothelial mucous layer

Jung Won Park

Brain Korea 21 prgect for M edical Sciences

The Graduate School, Yonsei University

(Directed by Professor Eung Kweon Kim)

Corneal endothelial cells play a major role in the maintenance of
corneal transparency. Excessive loss of corneal endothelial cells during
ECCE (Extracapsular cataract extraction), which is one of the most
common operations in ophthalmology, results in loss of vision and
eventual corneal transplantation. Therefore, the protection of corneal
endothelial cell during ECCE is indeed significant.

Recently, there have been reports showing that the corneal
endothelial cell surface is covered by a mucous layer. In this study, we
investigated the nature of this corneal endothelial mucous layer and the
biochemical mechanism of mucin production. These data may be useful
in the search for a new viscoelastic material and an innovative
protection method for the corneal endothelial cells.

The major component of the mucous layer is mucin and this mucin
consists of a core protein with peripheral carbohydrate branches. We
stained the carbohydrate of mucin with specific lectin to find out the

component of the carbohydrate. All the lectin staining results showed
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positive findings. (RCA-1, PHA-E, SNA, WGA, MAA, Con-A :strong
positive; PNA: moderate; SBA, LCA, DBA, UEA-I: weak.) The results
obtained showed that the mucous layer covering the corneal endothelial
cells consists of various kinds of carbohydrate which constitute mucin.

To determine the location and structural characteristic of mucin, we
observed WGA lectin-gold complex with transmission electron microscopy .
WGA lectin-gold particle was found in the endothelial cell as a
vesicular shape located on the surface of endothelial cell and in the
separated mucous layer. This suggested that mucin was produced in
the corneal endothelial cells, remained in the vesicle, and secreted. The
results confirmed that mucin is one of the components of mucus layer
overlying the corneal endothelial cell. To confirm the biochemical
mechanism of mucin production by corneal endothelial cells, we
performed 3 kinds of molecular biologic studies using MUC1, which is
present in the cornea. We had detected a MUC1 mRNA band from the
RT -PCR results of human corneal endothelial cells, which coincides with
the positive control band. Using in situ hybridization, silver grains were
observed around the nucleus in human corneal endothelial cells
representing the expression of MUC1 mRNA in the corneal endothelium.
According to Western blot, MUC1 antibodies produced positive signals.
Immunohistochemical studies on human corneal sections showed positive
statining for the protein product of MUC1 in corneal endothelium.

T he results of this study showed that there was a carbohydrate-rich
layer which reacts to various lectins on the corneal endothelial surface

and MUCL1 is one of the components of this layer.

Key Words : corneal endothelial cdl, in situ hybridization, mucin, lectin,
MUC1, RT-PCR
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