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A substitution of arginineto lysineat the COOH-terminusof MIP
caused a different binocular phenotypein a congenital cataract
family
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Purpose: To detect the cataractogenetic mutation for a six-generation family of Chinese origin with autosomal dominant
binocular polymorphic cataracts.

Methods: A genome wide scan was performed using 382 fluorescent-labeled microsatellite markers. Multiple polymerase
chain reaction (PCR) was performed according to the protocols previously described. Two-point linkage analysis was
performed with the FASTLINK version of the MLINK in Linkage Program Package. The candidate gene was screened by
direct sequencing.

Results: The disease locus was mapped to a 61 cM region on chromosome 12 defined by D12S310 and D12S351 near the
major intrinsic protein gend| P). The maximum two-point lod score of 5.44 was obtained at marker D12683.60.

Direct sequencing of the encoding region of the candidate gene revealed a novel missense mutation G>A in exon 4 at
nucleotide 702, which caused the replacement of arginine to lysine at codon 233 (p.R233K).

Conclusions: The change located in tibehelix domain of the COOH-terminus of MIP was determined to be associated

with the binocular polymorphic cataract in this study. It suggests that arginine in this domain plays a crucial role in the
function of the carboxyl-end of this protein and provides a helpful clue to further studies on completely understanding the
physiological significance d¥lIP and its role in the formation of cataract.

Aquaporins are members of the water channel superfam- These studies imply that MIP served complementary dual
ily of transmembrane proteins. So far, 13 homologs ophysiological functions in the lens and played a paramount
aquaporins have been identified [1,2]. Major intrinsic proteirrole in maintaining lens transparency.

(MIP), also called aquaporin 0, is a member of aquaporins Two missense mutations in exon 2MFfP (T138R and
known to function as the lens-specific water channel [3]. It i€£134G) have been associated with a polymorphic cataract fam-
predominantly expressed in lens and is the most abundaift and a lamellar cataract family, respectively. The former
membrane protein present in lens fiber cells [4]. It is enrichedommonly showed discrete bilateral punctuate lens opacities.
in both the nonjunctional regions in the plasma membraneSome had asymmetric anterior and posterior polar opacifica-
[5] and the 11-13 nm thin junctions between lens fiber cellsion. The latter had lamellar and sutural cataract. MIP has been
[6], which indicates that MIP also acts as an adhesion mopredicated to consist of six transmembrane helices. The two
ecule [7]. mutations were located in transmembrane domain 4. They were

The question as to the main function of MIP has beethought to change amino acid hydrostatic charge and size.
debated throughout its research history. Recent data fro@onsequently, the water channel might fail to form in the cell
Gonen et al. [7,8], however, presented a new perspective amembrane, and water transportation might be disrupted [9].
these two roles. They proposed that MIP principally performe@®ne single-base pair deletion at nucleotide 3,223 of exon 4
the function of water pores in the lens cortex. In the lens corgyas reported to cause polymorphic bilateral cataract with ra-
thin junctions were formed between MIP molecules in adjoindiating, vacuolar or dense opacities in the embryonal nucleus
ing membranes of lens fiber cells to make the tight packing and fine punctate opacities in different posterior cortical loca-
the fiber cells. Consequently, water pores in junctional contions. This mutation produced the 257 amino acid truncated
formation were closed. The other nonjunctional MIP in theMIP protein that probably altered calmodulin-binding proper-
lens core retained their properties of water conductance atigs of the COOH-terminus [10].
became more active than in the cortex, offseting the functional Weherein present a six-generation congenital cataract Chi-
loss of the junctional fraction. nese family with a rare polymorphic phenotype associated with
a novel missense mutation MIP demonstrating different
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study was found in a northeast province of Chinaaccording to the protocols previously described in detail [11].
(Heilongjiang). Clinical examination, peripheral blood collec-PCR products were electrophoresed in the ABI 3100 Genetic
tion, and DNA extraction were performed in the Departmenfnalyzer. The genotyping data were collected by ABI 3100
of Ophthalmology, the Second Affiliated Hospital of Harbin Genetic Analyzer Data Collection Software v2.0 and were
Medical University. Informed consent in accordance with theanalyzed using ABI Prism GeneMapper software v3.5. Two-
Declaration of Helsinki and the Institutional Review Boardpoint linkage analysis was performed with the FASTLINK
and Ethics Committee of Heilongjiang province was obtainedersion of the MLINK in Linkage Program Package [12], and
from all participants. Twenty-eight individuals were availablewe modeled cataract in this family as a full penetrance of au-
from the original family with an inherited pattern of autoso-tosomal dominant trait. The allele frequencies of the disease
mal dominant cataract including 12 affected members (Figurand all markers were set as 0.0001 and equal frequencies with
1). Clinical data of these subjects were ascertained by caten alleles.
records of surgeries and detailed ocular examinations includ- Candidate gene screening: A known cataract candidate
ing the visual acuity test, anterior segment examination by slgene within the linked region, major intrinsic protelitl P),
lamp, and fundus examination by ophthalmoscope. was screened directly. PCR primers were designed for ampli-
Genome wide scan and linkage analysis: We peformed  fying four exons and flanking intronic sequences (Table 1).
a genome wide scan for this family using 382 fluorescent laFhe PCR reaction cocktail was a20mixture containing 80
beled microsatellite markers distributed at an average interva genomic DNA, 10 pmol primer pairs, 2Qéhol/l dNTP
of 10 cM from ABI Prism Linkage Mapping Sets Version 2.5mix, 1.5 mmol/l MgCJ, 2 ul of 10X PCR Buffer, and 0.2 U
MD-10 (Applied Biosystems, Foster City, CA). Multiple poly- AmpliTag Gold DNA Polymerase. PCR cycling conditions
merase chain reactions (PCR) and conditions were performednsisted of the following: an initial denaturation af@5or
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Figure 1. Pedigree and haplotype of the family. A six-generation pedigree with 12 available affected members (indicataechky the
symbols) is shown. IV:11 was the proband, which is indicated by the black arrow. Eight markers spanning the centromengedere the

left in the genetic order on chromosome 12. The disease haplotype (represented by the black bar) cosegregated witmalfrdférstirdm

marker D12S1617 to D12S326 but was not shared with unaffected members. The obligate recombination occurred at the baensdary mark
D12S310 and D12S351.
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8 min, 30 cycles of denaturation at®@lfor 30 s, annealing at the bilateral lens of each individual. All of the affected except
58°C for 30 s, extension at 72 for 50 s, a final extension at for individual 1V:7 showed fine white punctate opacities within
72 °C for 7 min, and a last hold at°€. The PCR products the posterior cortex of the right lens and anterior polar cata-
were purified by a Beckman Biomek NX Laboratory Auto-ract in the left lens (Figure 2A,B). On the other hand, indi-
mation Workstation (Fullerton, CA) with AmPure and
CleanSeq reagents then sequenced by ABI 3130xl Genetid ABLE 1. POLYMERASE CHAIN REACTION PRIMERS FOR SEQUENCING

Analyzer. DNASTAR software was used for reading and ana- MIP
lyzing the sequencing results. All affected members and 50, Pr oduct
unrelated normal Chinese controls were screened when thgame Primer sequence (5 -3') size (bp)
mutation was identified inexon 4. e el oo

The reference cDNA (CCDS8919.1), protein®xon-1  Forward GACTGTCCACCCAGACAAGG 493
(NP_036196), and genomic sequence (NC_000012) are avail; ., Eﬁ:’%fz mg%%@ 300
able from the related resource of the National Center for Bio- Rever se AAAGTTGGGAAAGGTTTAGGG
technology Information (NCBI). Exon-3  Forward GAGAAGCTGGGGTGCAGTAG 196

Rever se AACCTGCAGTCCACAACCAT
RESULTS Exon- 4 For war d CCACTAAGGTGGCTGGAAAA 360

. . Rever se ACCCTCCCCACAGTCTCTTT
Clinical phenotype: We described the phenotype of the fam-

ily as polymorphic cataract that was present at birth. It wagorward and reverse primers were used to amplify 4 exolRf
displayed not only among the members of the family but iThe expected size of PCR products is shown.

Figure 2. Binocular slit lamp photographs of the affected individuwalg:he right eye of individual IV:9 shows fine punctate opacities in the
posterior cortexB: The left eye of individual 1V:9 shows the anterior polar cataract with punctate opacities in the anterio€cdttexight

eye of individual IV:7 shows fine punctate opacities in the cortex and core of th®lerse left eye of individual 1V:7 shows a mass of
irregular opacification clustering in the anterior cortex.
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vidual 1V:7 presented fine white punctate opacification dis-  Mutation analysis: We piedictedMIP as a cataract can-
tributed over the whole left lens and a mass of irregular opaqudate gene between D12S83 and D12S368 within the afore-
pieces localized in the anterior subcapsular cortex of the rigimentioned linked area. Direct sequencing of a total of four
lens (Figure 2C,D). No affected members except I1I:6 and thexons ofMIP revealed a missense mutation, G>A, at nucle-
proband (IV:9) underwent an operation. These two patients
had cataract surgeries as adults. There was no complaint of
distinctly decreased visual acuity with age from all patients.

Linkage results and haplotype: A maximum lod score
=5.44) was obtained at marker D12S83 with the recom- |

(Zmax
bination fraction6=0.00 after the initial genome wide scan.
High lod scores were also detected at the markers above,
D12S83 including D12S85 (£=5.22 at6=0.00), D12S345 ToT C T G A G A A AC T G T C T G
(Z,,,=4.34 at6=0.00), and D12S1617 (7=3.53 at9=0.00).
D12S368 is also a suggestive marker with avalue of 2.81
at0=0.05 (Table 2). These data from two-point linkage analy-
sis strongly demonstrated that the disease locus of the family
was mapped to a huge region flanked by D12S310 and

spanning the centromere. T T ¢ T & A € A G AC T & T ¢ T &
The results of linkage analysis were entirely supported . o
by the haplotypes for markers in this region (Figure 1). Thé&igure 3. The results of sequencing exon 4 of the major intrinsic

: . rotein geneA: A heterozygous change, G>A, denoted by the arrow
disease allele cosegregated with all affected members at tHgs found at nucleotide 702 in exon 4 of the affected member (the

marker's V\.’it.h an lod score greater than two. None of thg un_agroband individual IV:11B: A homozygous nucleotide G (denoted
fected individuals shared the same haplotype. Recombinatigfy the arrow) was found at the same place in exon 4 of the unaffected

events occurred at boundary markers, D12S310 and D12S32fember (individual V:4).

TABLE 2. LOD SCORE TABLE OF TWO-POINT LINKAGE ANALYSIS OF EIGHT MARKERS ON CHROMOSOME 12, ARRAYED IN THE GENETIC ORDER
ACCORDING TO THE GENETHON M AP

Lod score (6=)

POSition  -----mem oo

Mar ker s (cM 0 0.01 0. 05 0.1 0.2 0.3 0.4 Zmax 6=

D12S310 36.1 -? -1.59 0.1 0.71 0.93 0.65 0.2 0.93 0.20
D12S1617 45.1 3.53 3.48 3.28 3.02 2.43 1.72 0.91 3.53 0.00
D12S345 54.5 4.34 4.26 3.93 3.51 2. 67 1.76 0.77 4.34 0.00
D12S85 62.7 5.22 5.17 4.89 4.48 3.51 2.39 1.14 5.22 0.00
D12S368 67.3 2.23 2.54 2.81 2.76  2.33 1.66 0.84 2.81 0. 05
D12S83 76.5 5.44 5.34 4.95 4.43 3.32 2.13 0.91 5.44 0.00
D12S326 87.6 0. 87 0.88 0.89 0.84 0.65 0.43 0.2 0. 89 0. 05
D12S351 97.1 -? -4.00 -1.40 -0.45 0.23 0.37 0.26 0.37 0. 30

This table shows the two-point LOD scores of 8 markers clob#tRoA maximum Lod score (Z =5.44,6=0.00) was obtained at maker
D12S83. Higher LOD scores were also detected at the makers D12S85, D12S345, D12S1617, and D12S368.

230 240
221 FLLFPRLEGS|I|JSERL 5[¥[]L E ¢ &4 Homo sapiens (human)-aQF0
EElFLLFPRLKS?SERLSILKGantaurusicattlej
22l FLLFPELESYSEERLOSILEG|T|Ovis aries (sheep]
22l FLLFPRLESSVYIERLI AZIULETSGALA Mus musculus (house mouse)
221 FL FPEMRGLNEERLSIILESC GA L Xenopus laevis [(African clawed frog)
221 FIM|[L FPEIVE LiS ESR L{aiwiL K G@ Danio rerio [(zebrafish)

Figure 4. Alignment of amino acid residues from six species. The analysis of the alignment of 20 amino acid residuesf apthe
COOH-terminus of MIP illustrated that arginine at codon 233 was conserved. The alignment was made up from six differefihgpecies
residues that differed from others were circled by the box.
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otide 702 (CCDS8919.1) in exon 4 (Figure 3A), resultingina  Congenital cataracts correlated with mutatioridliR are
substitution of arginine to lysine at codon 233 (p.R233Kicommonly known as polymorphic. The family we identified
NP_036196). The transversion mutation cosegregated with dlbd an unusual polymorphic phenotype in comparison with
affected members of the family, but was absent in the unathe families mentioned in the introduction section. It repre-
fected offspring and 50 identically ethnic, normal controlssented different cataract morphologies among the familial in-
(Figure 3B). There was no such sequence alteratidfifh  dividuals even exhibiting distinctly clinical varieties in the bin-

present in the dbSNP database at NCBI. ocular lens of each individual. Extensive clinical and genetic
heterogeneity of cataract is validated once more. Neverthe-
DISCUSSION less, the potential mechanism of it remains to be elucidated.

We identified the missense mutation G>A the genomiclLike that single base pair deletion, this missense mutation also
sequece at nucleotide 3,270 (NC_000012) and the cDNA sky in the last exon ofIP [10]. It seems that the relevant
guence at nucleotide 702 (CCDS8919.1) in exon 4, causingnautant protein had the same effect on the function of the
change of arginine to lysine at codon 233 lying in the COOHEOOH-terminal as that shortened protein.
terminus of MIP that included 263 amino acid residues In summary, the mutation detected in the family induced
(NP_036196). a binocular polymorphic cataract, which increases the clinical

Arginine and lysine are both polar and positively chargedheterogeneity of inherited cataract. The replacement between
amino acids. Arginine has a vital impact on the conformatiotwo amino acid residues of analogic properties, arginine and
and function of proteins. There are multiple amino groups dysine, suggested that arginine might significantly impact the
the end of the arginine side chain which are involved in makaction of the key domain of the carboxyl end. This study con-
ing multiplex hydrogen bonds with negatively charged amindributed a novel missense mutatioMiP to the hererogeneity
acids or other nonprotein anionic atoms. Thus, arginine quitef genetic cataract.
frequently lies in the active or binding sites of the protein.

Although lysine also creates interactions with anions, it has ACKNOWLEDGEMENTS
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