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Functional Study of Gap Junction in GJB2 Mutations Associated with Hereditary Hearing Loss
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Department of Otolaryngology, Ajou University School of Medicine, Suwon, Korea

ABSTRACT

Background and Objectives[] GIB2 (Connexin 26), the gene of the gap-junction proteins, was found to be the main causative
gene of autosomal recessive nonsyndromic hearing loss (DFNB1). Whereas 35delG was known as the major type mutation
in the western countries, 235delC was reported as the specific form of mutation in Asian population. The objective of this
study is to identify how two mutations (235delC, E114G) found in the Korean population affect the function of GJIB2 using
the molecular biology techniques. Materials and Methods 235delC and E114G types of mutations were cloned in the
pcDNA3 vector. HeLa cells were transfected with these cloned vectors by the liposome complex method. 1) The expression
and subcellular localization of Cx26 were determined using antibodies against amino acid sequences in the intracellular loop
(IL) and N-terminal (NT) portions of Cx26. 2) To analyze functions of the GJB2, we examined the lucifer yellow dye transfer
between cells with scrape-loaded technique. We used the wild-type (WT) Cx26 of normal hearing as a positive control, and
mock cells as a negative control. Resultsl] The immunocytochemical analysis showed that cells transfected with E114G and
WT gave characteristic punctuated patterns of reaction in the cell membrane with both antibodies. However, 235delC cells
were not stained with the anti-IL antibody but only with the anti-NT antibody slightly around the nucleus regions. In the
functional study of GJB2, transfer of lucifer yellow dye into contiguous cells was detected in E114G but not in 235delC.
Conclusion[] The 235delC type of mutation showed loss of their targeting activity on the cell membrane. As a result, the
function of gap junction channels were severely deteriorated. With the E114G type mutation, we didn’t find any difference
when compared with the WT transfected cells. Above data indicate that types of GJB2 mutation are closely related to the
status of hearing loss due to altered function of gap junction protein. (Korean J Otolaryngol 2001544:239-55)
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Connexin 26 cloning

BAFIS
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235delC Cx26 —4—
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Transformation

pcDNA3 (pcDNA3 vector)
9 Q Liposome mediated
,@m Transfection
| (HeLa cells)
v }

| Subcellular Localization J | Functional analysis l

Fluorescent immunocytochemistry Scrape-loaded dye transfer method

(Lucifer yellow)

Fig. 1. Schema of this experiment. This study was carried out
by 3 steps of tfransformation, transfection, subcellular locali-
zation of Cx26, and functional study of gap junction using
235delC, E114G, wild-type Cx26, and mock cells. The expr-
ession and subcellular localization of Cx26 was determined
using antibodies against amino acid sequences in the intr-
acellular loop and N-terminal of Cx26. To analyze functions
of the gap junction, we examined Lucifer yellow dye transfer
between cells with scrape-loaded technique.
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tion mixture) 5y 10 OO 1.4 kv OO0 pulsed electr—
ophorationd 0. O00O0O OO LB 1 pld OOOO, 370
00000 3000 ooooo. Ampicillin(s0 p g/mihO
000 LB 00O O0((1% bacto—tryptone, 0.5% bacto—
yeast extract, 1% NaCl, 10% bacto agar)] 0000,
37000 1600 0O OOOOO. OO O0(colony)d
000 ampicillin(50 p g/m)0 OO0 LB OO 0000
160000 37000 OOO0O O0O00O0O.

Plasmid DNA preparation

Plasmid DNAD Wizard™ Genomic DNA Purification
Kit(Promega)l O0O00O OO00O0O0O. OO0 OOO 10
kromO0O 500 0000 O0O0O,000 OO O 250 ul
cell resuspension OO0 OO vortexingDdO O0O0O0O
0000 OO0.250ulcelllysis 00O OO OO0 OO
000 0000 OO0 OOO00. 10 p | alkaline protease
000 00 000 OO0 ooo 500 oooo, 350l
neutralization D00 OO OO0 O0O0O. 00 14 k rpm
00 1000 000D OO0, 000 lysateD collection
tube OO OO spin coumnO0O O0O0O. 14 k rpmO0
100 0000 OO0 O collection tubed OO0 750 p |
column OO OO0 columnC OO 14 k rpmd0 100 O
000 OO0 O collection tubed OOO. 250 p | column
00 000 coumnd OO OO 14 krpmO0 200 O
OO0 OO O collection tubed OOO. columnd OO
0 15 ml tubed OO0 100 piO0 OOOO columnO

OO0 14 krpmO0 100 0000 OO0 DNAO O0O0O.

O plasmid DNAO OO0O0O OCOOO DOO DNA sa—
mpled OO0O0OO ODOOCOCO. OO OOO primerd O
0o oo.

T705 —AATACGACTCACTATAGGGA-3'
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Fig. 2. The molecular structure of connexin 26.

235 delC and E114G are located in M2 and IL, respectively.
Epitopes which are used in the immunocytochemistry A) N-
terminal, B) int-racellular loop. M 1-40 transmembrane do-
mains, ILO intra-cellular loop.

0 000 0000 00 Cx260 0000 00 mock celld
000 000 00000(Fg 3). Cx260 N—terminalll
0000 000 000 00, wild—typed E114G 000
00 000000 0000 000 000 000 000
00 0000 0000 00000 000 000. 000
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Fig. 3. Immunocytochemistry of HelLa cells using primary ant-
ibody against intracellular loop portion of Cx26. AO wild-
type (WT) BO E114G CO 235delC DO mock transfected cells,
respectively. Both WT and E114G transfected Hela cells
showed positive immunofl-uorescent reactions in the cell
membranes. However, 235delC transfected cells showed
no reaction like as mock transfected cells.

.

Fig. 4. Immunocytochemistry of HelLa cells using primary ant-
ibody against N-terminal portion of Cx26. A wild-type (WT)
BO E114G CO 235delC DO mock transfected cells, respecti-
vely. Both WT and E114G transfected Hela cells showed
positive immunofluorescent reactions in the cell membranes.
However, 235delC fransfected cells showed weak reactions
only around the nucleus regions. Mock transfected cells sh-
owed no reaction.
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Fig. 5. Functional study of GJB2 using scrape-loaded dye
(Lucifer yellow) technique. A0 wild-type (WT) BO E114G CO
235delC trans-fected cells, respectively (Fluorescent micro-
scopic view). Transfer of Lucifer yellow dye into contiguous
cells were detected in WT and E114G but not in 235delC
transfected Hela cells. DO Light microscopic view of Hela
cells with scrape-loaded dye technique.
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O 00000 wild—typeO OO 53.3%00 missense mu—
tationd] M34TO OO 26.9%, W77RO0O0 9.8%0 OO
00 00O 0000 oOoOooo.0 ooooo0 wild type
0 000 E114G0 0DODO0OO OO0 O0OO0O OO0
goodbdg oob oo b0bob boob boo o
godb g ogo oood.
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ent dye transfer), 000 0O0O0O0O0O0O (electrophysiol—
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0o b obood ooob bbo ooobo, ogdad
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El-Fouly 00 000 scrapeloaded dye transfer [
00 0dodobob 0 000 o000 00 00 OO gd
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00 obod ooob. 00D Oo0o 0o Ooob odgd
0 00 Ooogo O s50060%0 OO0, 00 OO OO
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000 0000 OO0 00 00O OO0 o004, 235delC
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[ [

000 000 000000 eB2 OO0 OO0OOO O
00 235delC, E114G0 0000 OOO0O OO O0OO
OO0 OO0 000 00 000 ooo. 23sdelc 000
Cx26 0000 8100 codondO stop codond OO0
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