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Disruption of Gja8 (a8 connexin) in mice leads to microphthalmia associated

with retardation of lens growth and lens fiber maturation
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SUMMARY

The development of the vertebrate lens utilizes a
sophisticated cell-cell communication network via gap
junction channels, which are made up of at least three
connexin isoforms,a8Cx50),a3 (Cx46) andal (Cx43), and
which are encoded by three different genes. In a previous
study, we reported that, with a disruption of Gja3 (a3

type allele when the other allele was disrupted. More
interestingly, western blotting data indicated that the
presence ofa8 in the lens nucleus is dependent oo3
connexin, but not vice versa. The staining of the knock-in
lacZ reporter gene showed the promoter activity ofa8
connexin is much higher than that ofa3 connexin in

embryonic lenses and in adult lens epithelium. More
importantly, a delayed denucleation process was observed
in the interior fibers of the a8—/— lenses. Thereforep8
connexin is required for proper fiber cell maturation and
control of lens size.

connexin), mice developed nuclear cataracts with a normal
sized lens. We show thaiGjag™! («8—/-) mice develop
microphthalmia with small lenses and nuclear cataracts,
while the a8 heterozygous (+/-) mice have relatively normal
eyes and lenses. A comparative study of thes& and a8

knockout mice showed that the protein levels of botlm3

and a8 were independently regulated and there was no

compensation for either thea3 or a8 protein from the wild- Key words: Connexin, Lens, Microphthalmia, Cataract, Mouse

INTRODUCTION mature fibers in the deep cortical region of the lens (Bassnett
and Beebe, 1992). This maturation of the fibers is one of the
The ocular lens provides us with one of the simplest systentsitical properties of the lens in its function of transmitting a
for studying several fundamental biological processedjghtimage onto the retina. If there are intracellular organelles
including cell proliferation, differentiation, and maturation in the interior region of the lens, this will cause light scattering,
(Wride, 1996; Piatigorsky, 1981). The lens is composed of ar so-called ‘cataracts’. Because the interior mature fibers lose
monolayer of cuboidal epithelial cells covering the anteriorll their intracellular organelles, they have an extremely low
surface of a buck of elongated fibers. All lens cells are wrappedetabolic activity and depend mainly on the epithelium and
in a collagen-based capsule. During early embryoniperipheral differential fibers for maintenance. Therefore, out of
development, the monolayer of the ectoderm adjacent to thecessity, the lens has developed a sophisticated cell-cell
optic vesicle undergoes a sequential process of thickeningpmmunication network that includes gap junction channels,
invaginating and pinching off, eventually forming the lenswhich facilitate both an active metabolism and the transport
vesicle. The posterior cells of the lens vesicle then begin tof small metabolites, such as ions, water and secondary
differentiate and elongate, forming the primary lens fibersmessengers, in order to maintain its transparency
while the anterior cells of the lens vesicle remain as &Goodenough, 1992; Mathias et al., 1997).
monolayer epithelium. The epithelial cells near the lens The development and function of the vertebrate lens utilizes
equator continue to proliferate, and the grown epithelial cellgap junction channels that are formed by the products of at
that pass the equatorial line subsequently differentiate inteast three connexin genesl (Cx43),a3 (Cx46) ando8
secondary fiber cells that lie on the top of the primary fiberdCx50) (Beyer et al., 1987; Kistler et al., 1988; Paul et al.,
The growth of the lens is dependent upon the productioh991; White et al., 1992). Connexial is restrictively
of secondary fiber cells from the anterior epithelial cellsexpressed in the lens epithelial cells, and its protein can also
throughout the life span of the organism. be detected in the newly differentiating cells in the bow region
The differentiating fibers eventually lose all their of the lens. The lens fibers mainly util@8 anda8 connexins,
intracellular organelles, such as the nucleus, mitochondriavhich are two connexin isoforms colocalized in the same gap
endoplasmic reticulum, Golgi apparatus, etc., to becomginction plaque in the plasma membrane of fiber cells (Gong
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et al., 1997; Benedetti et al., 20088 connexin has also been of primers: sense GGATCCTTTCAAACAAC and anti-sense
detected in lens epithelial cells (Dahm et al., 1999), and thiESAGGGTTTTCCCAGTCACGAC.

suggests that different regulatory machinery may control th
expression oft3 anda8 connexin genes in lens epithelial cells,
despite the fact that the same factors may control the

expression in fiber cells. mutant mice (Lovicu and Overbeek, 1998). TRealactosidase

. . . 1
In one of our Previous studies, we reported (BE3™ ._staining method was carried out as previously described (Bonnerot
(a3—/-) mutant mice developed nuclear cataracts to varying,g nicholas, 1993).

degrees, depending on the genetic background of the strainErozen sections of lenses were prepared and used for the antibody
(Gong et al., 1997; Gong et al., 1999). In order to compare theaining, following the procedure described in our previous paper
functional roles o3 anda8 connexin in vivo, in this study (Gong et al., 1997). We used a mouse monoclonal antibody (6-4-B2-
we have generated8 knockout mice with a knock-itacZ ~ C6, provided by Dr Kistler) (Bond et al., 1996) fo8 connexin and
reporter gene, similar to that in our previous studiesi®n a rabbit polyclonal antibody against the intracellular loop region of
1997). Inthis way, we were abl o: (1) compare the phenonypfé, 2, 1997) for double mmunclabeing. A, deconcluion lght
Change$ between8 anda3 knockput mice; (2) examlne.the was used to examine the fluorescence of the indirect immunostaining.
expression pattern of the knockdacZ reporter gene during
lens development in the two knockout mice in parallel; anglectron microscopic analysis
(3) try to find distinctive morphological and biochemical For freeze-fracture electron microscopic analysis, the lenses were
alterations in the two knockout mice. This study provides somfixed in 2.5% glutaraldehyde in 0.1 M sodium cacodylate buffer for
important insights into the utilization of both8 and a3 5 days, then processed and analyzed as described previously
connexins in the lens. (Benedetti et al., 2000; Risek et al., 1994). For transmission electron
microscopic analysis, the lenses were postfixed in 1%40g@ined
with 0.5% tannic acid/0.05 M cacodylate buffer, and neutralized with
1% Na@SQs in 0.1 M cacodylate buffer. The lenses were then stained

ﬁistological, immunohistochemical and lacZ expression
analysis
gtandard histological methods were used for analyzing different

MATERIALS AND METHODS en bloc with 1% uranyl acetate/10% ethanol, and further dehydrated
) . in a standard ethanol series (the ethanol was exchanged with HPMA).
Generation of the a8 knockout mice Thereafter, the lenses were infilirated overnight in a 1:1

A 16 kb genomic DNA fragment containing the coding exonafdr ~HPMA/LX112 (Ladd Scientific) mixture while rotating, immersed in
connexin was isolated from a 129/Sv FIX mouse genomic librart00% LX112 for 4 hours, then embedded in LX112. They were
(Stratagene) that was screened using standard procedures wih anpolymerized for 24-36 hours at 60°C. A standard method was used
cDNA probe. This genomic DNA fragment (a part of its physical magfor thin sectioning and they were examined with a Philips CM100
is shown in Fig. 1), was used to constructi@mgene targeting vector ~electron microscope.
with a knock-inlacZ reporter gene. In order to creat8 knockout .
with an in-frame knock-ifiacZ reporter gene (Bonnerot et al., 1987) Western blotting
that was under the control of the endogermigene promoter, a 200 Different lens homogenates were prepared as described previously
bp PCR fragmenBanHI-Smd) was generated to create a ndsela (Gong et al., 1997; Gong et al., 1999). For quantitative western
site in the & codon ofa8 connexin gene. DNA sequence of the PCR blotting, the lens proteins were dissolved in lysis buffer (20 mM Tris
fragment was confirmed to be identical to the original sequence of t{gH7.5), 150 mM NaCl, 1 mM EDTA, 1 mM EGTA, 1% Triton X-
a8 genomic fragment except for tend site. Using the 200 bp PCR 100, 2.5 mM sodium pyrophosphate, 1 nfivglycerolphosphate,
fragment BanHI-Sma) as a linker to connect a upstream 4d® 1 mM Na&VOa4, 1 pg/ml leupeptin, 1 mM PMSF), and the protein
gene fragmentNotl-BanHl) and a downstreartacZ reporter gene  concentration was measured using a MicroBCA protein assay kit from
(Sma-Xhd), a 4.2 kb 5 homologous arm o8 connexin gene Pierce Chemicals. Equal amounts of these lens protein samples were
following an in-frame knock-inacZ reporter geneNotl-Xhd) was  loaded and run onto SDS-PAGE, then proteins were transferred onto
constructed, then inserted into tNet-Xhd sites upstream of the nitrocellulose membranes and detected using specific antibodies with
pgkNeo gene in the pPNT vector (Tybulewicz et al., 1991).standard protocols. Rabbit polyclonal antibodies agai@stonnexin
Subsequently, 1.4 kb of thé &8 genomic fragmentRst-Xbal), (generously provided by Dr Thomas WhiteR connexin and MP26
including a small 3 portion of the exon 2, was ligated in the were used for western blotting.
downstream ofpgkNeo The genomic sequence encoding all 4
transmembrane domains of th® connexin was deleted in the8
gene targeting vector. The targeting vector was linearized at a uniq
5 Notl site, then electroporated into R1 ES cells. G418-resistal
clones were isolated and screened for a disrupdagkne allele by a ) ) ) )
3 external DNA probe, in order to detect a 7.58dnHI RFLP (Fig.  Development of microphthalmia with a small lens in
1). Knockout clones were identified and used for generating chimerdbe connexin  a8—/— mice
by injecting knockout ES cells into C57BL/6J (B6) blastocysts. Therig. 1A shows physical maps of th8 targeting vector, a wild-
male chimeras were mated with B6 females to produce {f®8F  type allele, and the disrupted mutant allele ofdBeonnexin
Eeterlfzygoqs (+/-) k”OCkoug fm'ce' TheB homogygous Bg;/_) gene. AlacZ reporter gene was inserted in-frame downstream
nockout mice were generated from an intercross betweeB+- 4t 1o gh codon of then8 gene. The R1 embryonic clones with

knockout mice. 's_rupteda8 genes were identified by Southern blot analysis

PCR was used to genotype the wild-type and knockout mice. A 32?":
bp PCR fragment was expected from the wild-type allel@ja8(a8) ig. 1B, upper panel). Both homozygous8—/— and

by using a pair of primers: sense GGATCCTTTCAAACAAC and heterozygousi8+/— knockout mice were viable and fertile.
anti-sense GCCGATGACAGTGGAGTGCTC; and a 450 bp PCRThe genotypes of the knockout mice were verified by Southern
fragment from the targeted mutant allele @fa8 using a pair  blotting or PCR (Fig. 1B, bottom panel). All comparison

SULTS
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Fig. 1.Homozygous18 knockout mice BamHI -
developed microphthalmia with mild nuclear W Xosl Yoo Psil»s Xbal — BamHI
cataracts. (A) Physical maps of the wild-type s Probe 1kb

Gja8allele, thea8 targeting vector, and the .
disruptedGja8allele. The DNA probe used for
Southern blotting is indicated on the B

corresponding region of the wild-type and Notl Hinan  xsal xeal amH’ :Smal Xhol Pstl*ws Xhal
knockoutGjag alleles. A 7.5 kb band - y M PGRneo oo |

1
corresponded to the knockout allele, and a 3.8 ATG
kb band for the wild-type allele. (B) The upper
panel shows a blot of an embryonic stem cell Han Xon Xou
clone with a disrupteja8allele (+/-), in i lacZ —
comparison with the wild-type control (+/+). ATG Frobe
This was verified by Southern blotting using a
DNA probe, labeled in A. The lower panel
shows the PCR results from homozygods B c
knockout (—/-), heterozygows3 knockout (+/-)
and wild-type (+/+) mice. The left arrow +/+ +/-
indicates a 320 bp band from the wild-type
allele and the right arrow for a 450 bp band -
from the knockout allele. (C) Phenotypic ' . 7.5kb
comparison of the eyes and lenses from . W <«3.8kb
homozygou8 knockout (—/-), heterozygous
a8 knockout (+/-), and wild-type (+/+) sibs.
Scale bar, 1 mm.

lacZ

BamHI
L‘T?mal

Xhol Pstl*xa Xhal BamHI

++ +/- -I-

[ i i [ * = ‘-
studies were carried out on the sibling:

these knockout mice.

Thea8+/— mice appeared to have nor
eyes and lenses, while th@8—/— mice
developed microphthalmia with smal
lenses (Fig. 1C). The size and weight of the lenses of the adfilacture EM) (Gong et al., 1997). However, through the use of
a8—/— mice were around 60% that of the lenses of their wildan improved light microscopy system with a computational
type (+/+) littermatesn=20). Very mild nuclear cataracts were deconvolution data process, we have found d&f(red) and
observed in the8—/— lenses of the adult mice (Fig. 1C). a3 (green) connexins were actually segregated from each other

No a8 connexin proteins were detected in the lensn the same fluorescent spot in the plasma membrane of lens
homogenates of adui8—/— mice, while half the amounte8  fibers (Fig. 3B, left panel) with a small amount of co-
connexin proteins, as determined by densitometric analyslecalization.

(n>3), was detected in the lens homogenates ai 8¢ sibs, Consistent with western blot results, n@ protein was
when compared to their wild-type counterparts (Fig. 2)detected in the frozen lens sections fromdBe/— mice by a
According to western blot analysis, there were no obvioudouble immunolabeling foo3 anda8, using their specific
changes in thex3 connexin or the major lens membraneantibodies (Fig. 3B, right panel). Interestingly, the fluorescent
protein (MP26 or aquaporin-0) in the lens homogenates afpots fora3 connexin, detected in the8—/— sections, were
a8-/— mice, as compared to tb8+/+ anda8+/— mice (Fig.

2). Moreover, no additional changes in the, -, or y-

crystallins were detected in the 3-week-old lenses using the ++ +/- -f-
specific antibodies (data not shown), aside from a reduction
the amount of total crystallins due to the small size ofiBieé— 08 .. 68 kDa

lenses. Substantial degradation of the crystallins such as t
cleavage of-crystallin in thea3—/— lenses (Gong et al., 1997)

was not found in thet8—/— lenses. 03 m S

A much smaller gap junction plaque observed in the -
o8-/ lens fibers ?
Although thea8—/— mice developed much smaller lenses, nc MP26 = e e > 0

obvious morphological changes in the lens epithelial cells c

fibers were found in Staf_‘dard h'5t0|09'cal sections (F.'g' 3A)'Fig. 2.Western blots from the lens homogenates of homozya8us
According to double immunolabeling results obtain fromyJ0 ¢ (=-), heterozygous8 knockout (+/-), and wild-type (+/+)
laser confocal or light microscopy, we among others publishegiermates. Equal amounts of the lens homogenatesd§@r lane)
thata8 anda3 connexins are mainly colocalized in the saméyere loaded and separated by SDS-PAGE, then detected by
fluorescent spots in the plasma membrane (assuminglyclonal antibodies agains8 connexina3 connexin, and MP26.
equivalency to the gap junction plaques observed by freez&tolecular masses are listed on the right-hand side.
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Fig. 3.(A) Representative histological sections from the bow region
of wild-type (+/+) andx8 homozygous knockout (—/-) lenses. The
arrows indicate the lens bow region where epithelial cells
differentiate to become fiber cells. Scale ban0 (B) Double
immunolabeling of18 (red) andx3 (green) connexins in the cortical
fibers of the frozen sections from wild-type (+/+) &l

homozygous knockout (—/-) lenses. Scale bam5

examineda3 anda8 connexin in the homogenates prepared
from the lens cortex (40% of the total lens weight) and the lens
nucleus (60% of the total lens weight)odd—/— andx3—/— adult
mice. Consistent with the literature, phosphorylated (50-65
kDa) and cleaved forms ai3 and a8 (32-38 kDa) were
detected in the homogenates of the lens cortex from wild-type,
0a8—/- anda3—/- lenses (Fig. 5). Mainly, the cleaved forms of
a3 anda8 were detected in the lens nucleus of wild-type mice.
To our surprise, not one of the cleaws®iconnexin bands was
detected in the homogenates of &&-/— lens nucleus (Fig. 5,
the right-hand lane in the left panel), while the cleaved forms
of a3 were still found in the homogenates of te-/— lens
nucleus (Fig. 5, left panel).

The a8-lacZ reporter gene expression was higher
than that of the a3-/acZ gene in embryonic lens cells
and adult lens epithelial cells

similar in size to the smati3 connexin spots (green) in wild- The expression of knock-llacZ gene activity was exclusively
type lens sections (Fig. 3B, left panel), but there was additiondktected in the embryonic and adult lenses3dtnockout mice,
03 connexin (orange) which was colocalized with ti&®  and not in the other regions of the adult eye (Fig. 6A), which is
connexin to form larger fluorescent spots. similar to our previous findings about the knockaicZ reporter
Gap junctions in the8—/— lenses were further examined by gene ina3 knockout mice (Gong et al., 1997). We have further
both thin-section and freeze-fract "=~
electron microscopy (Fig. 4).
much smaller gap junction w
observed in the cortical fibers of |
0a8—/— lenses than in those of wi
type lenses by EM. The largest (
junction that we observed from mq
than eight a8-/— samples wz
around 60 nm in length while mc
of gap junctions in wild-type ¢«
03—/— lenses were 4 times lon
(Gong et al., 1997).

Presence of a8 connexin in

the lens nucleus is dependent

on the existence of a3, while
a3 connexin is independent of
a8

The maturation of lens fibers
associated with a substan
proteolysis of botha3 and a8
connexins. We have furth

Fig. 4.Gap junctions are smaller in ]
0a8-/— lenses. Gap junctions in the lens
cortical fibers from wild-type (+/+13
(~/-), anda8 (—/-) mice were examined |
by thin-section (upper panels) and
freeze-fracture (lower panels) electron
microscopy. Gap junctions are indicate
by arrows. Scale bar, 60 nm.
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Anti-0:8(Cx50) Anti-03(Cx46)

Fig. 5. Western blots of lens cortical homogenates (C) and lens
nuclear homogenates (N) from wild-type3 homozygous knockout
(-/-), anda8 homozygous knockout (—/—) mice. The left panel shows
the results obtained using an am8-connexin antibody. The upper
arrow indicates the intact3 connexin protein band, while the lower
arrow points to the cleaved band@ connexin. The right panel
shows the results obtained using an atieonnexin antibody. The
arrow indicates the cleaved formsod connexin. The molecular
markers (in kDa) are listed on the right-hand side.

compared the knock-ilacZ activity betweena8 and a3
knockout mice in the heterozygous knockout sibs, which wer
produced from an intercross betwes8+/— mice andu3+/—
mice (Fig. 6). Thax8-B-gal staining was much higher than the
a3-B3-gal staining in the embryonic lens cells (Fig. 6H,J), and ir
the adult lens epithelium (Fig. 6B,C). Furthermore ot8€3-gal
staining was uniformly high in all the lens epithelial cells, while
the a3-B-gal staining signal was relatively higher in the cells of
the marginal zone, where proliferating epithelial cells are locate
(Fig. 6D), than the cells of the polar regions.

The cellular nucleus of interior fibers was transiently _ ) _
sustained in the a8—/— lenses Fig. 6.lacZexpression patterns in the lensesi8fanda8 knockout
. . mice. (A) A side view of an eye, stained fbgal, from a8
The protein product of the knock-lacZ reporter gene in the - heterozygous (+/-) knockout mouse. The lens equator is indicated by
a8 knockout mice (containing a nuclear-localization signal obn arrow and anterior monolayer epithelium is blue. C, cornea; R,
the SV40 large T antigen) was mainly localized in the nucleietina; O, optic nerve. B and C show lenses from adi#i— and
of lens epithelial cells and differentiating fiber cells. Brgal  a3+/- sibs, respectively, stained fiigal; anterior view. (D) An
staining in the cell nuclei of the interior fibers was normallyequatorial view of thei3+/—lens in C; an arrow indicates the lens
eliminated during the fiber cell maturation process, so thequator. (E-G8+/—, wild-type (+/+) andi3+/— embryos at 14 dpc,
mature interior fibers do not stain (Fig. 7C). Therefore, th&espectively. (H-J) Magnified views of eyes of the embryos in E, F
posterior side of the3 anda8 knockout lenses was also and G. respectively. Scale bars (A-G) 1 mm; (H-J) 250
unstained (Fig. 6A). The detection®fal in the cell nucleus
was an excellent marker for monitoring fiber cell maturation irusing a simple gene targeting strategy without a knod&eif
the whole lens. We observed that the posterior unstained regiogporter gene. These authors also observed microphthalmia
was much smaller in thee8—/— lenses than in tlee8+/— lenses  with mild nuclear cataracts in theiB—/— mice, similar to those
at 16.5 dpc (Fig. 7A). Even more surprising, the staining in than the a8—/— mice with a knock-ifacZ reporter gene that we
cell nuclei was still present in the anterior regions of thegenerated for this study. Thus, the expression of the knock-in
interior mature fibers of the8—/— lenses in postnatal day 17 lacZ gene had no influence on the phenotypes8knockout
mice, while no staining of the cell nuclei was observed in thenice, and we were able to carry out a comparative study on
same regions of the8+/— sibs (Fig. 7C). The cell nuclei of the botha8 anda3 knockouts with a focus on the interactions and
a8—/— interior fibers were eventually eliminated as the miceoregulations between the two connexin isoforms. Most
reached 3-weeks old (data not shown). importantly, by using knock-ilacZ as a maturation marker for
the denucleation of interior lens fibers, we were able to monitor
the transient maintenance of the cell nuclei of interior fibers in
DISCUSSION the a8—/- lenses.
The different phenotypes of the lenses and eyes3iand
While this work was in progress, White et al. (White et al., a8 knockout mice suggest distinctive functional role(s)f8r
1998) determined the phenotypes of ti#e knockout mice and a8 connexins in vivo. Connexim3 is essential for
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Fig. 7. A comparison of théacZ expression patterns in the A
lenses of18+/— anda8—/— sibsf3-gal staining (A) in
embryonic lenses from8+/— anda8—/— sibs at 16.5 dpc;
posterior view; (B) in 4-week old8+/— anda8—/- sibs;
anterior view (upper panels) and from the equatorial view
(lower panels); (C) in sections of lenses from postnatal da
17 a8+/- (left-hand panel) ari8—/— (right-hand panel)
sibs. Arrowheads indicate the lens epithelium and arrows
point to the bow region of the lenses. Scale bars (A) 0.2
mm; (B) 1 mm; (C) 10Qum.

maintaining lens transparency, whil8 is critical for
the growth of the lens. Different expression patt
of a3 anda8 connexin genes were also reflecter
the expression of the knock-iacZ reporter gene i
the lens epithelium of the knockout mice. M
importantly, the loss ofi8 connexin was associal
with a delayed maturation process of the lens int
fibers, indicated by the retention of the cell nu
However, this was not observed in th8-deficien
lenses (Gong et al., 1997). The presence ofai
connexin in the lens nucleus was dependent o
existence ofi3 connexin. Interestingly, the large <
of the gap junction plagues in the cortical fibers
dependent on the presencen@f connexin. It is quit
clear, then, that this study has demonstratec
importance of botlm3 anda8 connexin in the lens
ensure its growth and the maintenance of
transparency.

The co-existence ofi3 anda8 connexins in th
lens has been verified in chick (Jiang et al., 1¢
sheep (Yang et al., 2000), cattle (Gupta et al., 1'
mouse (Gong et al., 1997), rat (Paul et al., 1991), primate (Leame plaque, has been reported in a cultured cell system
et al., 1996) and human (Church et al., 1995). Results froffiralk, 2000). According to freeze-fracture graphics and
both thea3 anda8 knockout mice showed that the regulatoryelectrophysiological data, both types of knockout mice showed
machinery ofx3 anda8 connexin genes operate independentlthat thea3 anda8 connexin were able to form homomeric
of each other, since there was no compensation in the protdimctional channels in vivo (Gong et al., 1997; Gong et al.,
levels of thea8 connexin when there was a losso®, and 1998; Baldo et al., 2001). Heteromeric connexons have also
vice versa. Moreover, there was no compensation in thieeen demonstrated biochemically in the lens (Konig et al.,
expression of the wild-type allele aB ora8 connexin in the 1995; Jiang et al., 1996). In addition, homomeric, heteromeric
heterozygous mice, since a 50% reduction in the amowr@ of and heterotypic channels formed &8 and/ora8 connexins
or a3 connexin proteins was detected in the lens homogenategre characterized in paireténopusoocytes (Ebihara et al.,
of their heterozygous knockout mice compared with the wildl999), as well as in a communication-deficient neuroblastoma
type counterpart. These results suggest that a precise regulat@i2A) cell line, using an electrophysiological assay
mechanism exists to control the expressiona8f anda8  (Hopperstad et al., 2000). These results have indicated that
connexin genes in the lens. diversified gap junction channels can be formed by the mixing

It is very likely that the interactions and regulations betweemf a3 anda8 connexins in vitro.

03 anda8 connexins are at the posttranslational level in vivo. It is interesting to note that both tle3 anda8 connexin

Both a3 and a8 connexin were detected in the samedemonstrated dependence on one another in a variety of
gap junctional plaques in fiber cells by indirectdifferent ways in vivo. For example, the presenceo8f
immunohistochemical staining of frozen sections (Gong et algonnexin in the lens nucleus was dependent on the existence
1997) and immuno-gold labeling with an EM replicaof a3 connexin. This is supported by the fact thata®
(Benedetti et al., 2000). The segregatiom8fconnexin from  connexins were detected in the lens nucleus homogenate of the
a8 connexin in lens fibers, which was observed byo3—/- lenses (Fig. 4), even though ti@ connexin was able
deconvolution microscopy, supports the notion that lens gajw form functional gap junction channels in the cortical fibers
junction plaques consist of a mixture of homomer®8 and of those lenses (Gong et al.,, 1998). It is clear that the
a8 channels as well as heteromeric channels. Our recehbmomerica8 gap junction channel was somehow eliminated
electrophysiological studies indicated that interior fibers arén the interior fibers of theti3—/— lenses. The mechanism for
mainly coupled by homomeria3 channels (Baldo et al., this is unknown. A simple explanation would be that only the
2001). Moreover, the mixing of homomeric gap junctiona8 proteins formed heteromeric channels with 8
channels, which consist of different connexin isoforms in th&onnexin, or that the homome@ channels that mixed with
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the homomeri@3 channels in the same junctional plaque (ofREFERENCES
domain) remained in the normal lens nucleus. It is also possible . N _
that the loss ofi8 connexin in th&3—/— lens nucleus was due Baldo, G. J., Gong, X., Martinez-Wittinghan, F. J., Kumar, N. M., Gilula,
to cataract formation in these lenses. Interestingly, the presencd'; B- and Mathias, R. T.(2001). Gap junctional coupling in lenses from
f a3 connexin in the lens nucleus was independent frl8m 5 oo Connexin knockout micd. Gen. Physiollin press). i
Y : ’ - p Bassnett, S. and Beebe, D. €1992). Coincident loss of mitochondria and
connexin (Fig. 4). Moreover, th@3 connexin in then8—/— nuclei during lens fiber cell differentiatioDev. Dyn.194, 85-93.
lenses was able to form only the small gap junction plaquegassnett, S. and Mataic, D(1997). Chromatin degradation in differentiating
Wwhich viere much smaler than the gap junction plaques ip frsls of e e ens CoL B BES L
either the_W|Id-type (Fig. 5) oo3—/- lenses (GOUg et al., BIoeme,ndal, I‘-|.(200CS). étructural org’;ani’zation of’gabjunctio‘ns as revealed
1997). This suggests that a regulatory mechanism must beyy freeze-fracture and SDS fracture-labeliigr. J. Cell Biol 79, 575-582.
present to control the size of gap junction domains (plaqueskrry, V., Mackay, D., Khalig, S., Francis, P. J., Hameed, A., Anwar, K.,
formed bya3 anda8 connexins. As of yet, the mechanism that Mehdi, S. Q., Newbold, R. J., lonides, A., Shiels, A., Moore, T. and
controls the size of gap junction plaques and the packing Othattacharya, S. S.(1999). Connexin 50 mutation in a family with
. . icl in th | b h b congenital “zonular nuclear” pulverulent cataract of Pakistani origim.
gap junction particles in the plasma membrane has not beensene; 105 168-170.
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