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ABSTRACT

a-Crystallin, a major protein of all
vertebrate lenses, consisting of two
subunits aA and aB, forms polymeric
aggregates with an average molecular
mass of about 800 kDa. In this study, we
have employed various physical
methods to study aggregate sizes and
conformational properties of porcine
a-crystalin and homomultimeric
aggregates of its purified aA, aB
subunits and cloned recombinant aB
subunit. From far- and near-UV CD
spectra, native ao-, oA-, aB- and

recombinant aB-crystallins  from
porcine lenses all show similar [3-sheet
conformation to that from bovine and
human lenses. By means of gel-filtration
chromatography and dynamic light
scattering, we have found that the
molecular sizes of al four crystallin
aggregates are polydispersedly
distributed in the following order of
aggregate sizes, i.e., nativea > oA > aB

=recombinant aB. In contrast, the

molecular weights as determined from
sedimentation velocity and equilibrium
studies appear to indicate that the
molecular size of native or recombinant
aB-crystalin is somewhat greater than
aA-crystallin. To further investigate the
structural and functional relationship,
we have also compared the chaperone
activities of al four a-crystallin
aggregates at different temperatures.
From the results of chaperone-activity
assays, ANS (8-anilo-1-naphthalene
sulfonate) binding and thermal stability
studies, there appeared to be at least two
factors playing maor roles in the
chaperone-like activity of these lens
proteins. one is the hydrophobicity of
exposed protein surface and the other is
the structural stability associated with
each protein. We showed that
oA-crystallin is a better chaperone to
protect y-crystalin against
UV-irradiation than aB-crystallin, in
contrast to the observation that aB is
generadly a better chaperoning protein
than oA for enzyme protective assays at
physiological temperatures.

We have also analyzed, expressed

and characterized the catfish



oaB-crystallin, which presents itself as a
major structural component in eye lenses
and as a small heat shock protein in
other tissues of most mammals.
Catfishes which reside generadly in
streams, ponds, ditches and reservoirs,
aways in the dark or underground
environment, are good examples of
nocturnal scavengers with atrophied
eyes. Sequence comparison  with
homologues of distantly related taxa has
revealed conservation of intron splicing
sites and coding regions, however the
two intron sequences, 5 and 3

untranslated regions of  catfish
oB-crystallin are shorter than those
reported for other vertebrates. The
deduced amino-acid sequence of catfish
oB-crystallin gene was found to lack a
segment of three amino acids (SPF, i.e.
Ser-Pro-Phe) in the N-terminal region,
which were conserved in al of its
homologues characterized from other
vertebrate classes. The phylogenetic
analysis based on protein sequences
indicated that the molecular evolution of
aB-crystallins of dogfish, zebrafish and
catfish followed

three independent

evolutionary routes, distinct from

oB-crystallins of other vertebrate
species. The wild type and insertion
mutant (+SPF  mutant) of catfish
aB-crystallins were expressed and
characterized. The most striking feature
was that the midpoint for aggregation
(Ta) of the purified recombinant catfish
aB-crystallin was 15°C higher than that
of porcine one, whereas Ta of +SPF
mutant was dlightly lower than that of
wild type. The molecular mass of +SPF
mutant as determined by analytical gel
filtration is higher than that of the wild
type (~440 kDa) and similar to porcine
one (~600 kDa). The relative order of
chaperone activity was found to be as
follows: catfish wild type > catfish +SPF
wild

mutant >  porcine

type
aB-crystallin  for enzyme protection
assay a 60°C and insulin reduction
assay a 37°C. The surface
hydrophobicity as determined by
fluorescent dye-binding analysis for the
wild type aB-crystalins of catfish is
similar to that of porcine but higher than
that of catfish +SPF mutant. Therefore
both aggregate size and surface
hydrophobicity of crystallin may play

some role in the chaperone-like function



of aB-crystallin.

aB-

a-
4,5,6,7
aB-
(mutagenesis)
( 435 )
a-
a-
a-

a-
a-
a-
Kim
Mathanococcus janashii
MjHsp16.5
X-ray
8 MjHspl6.5 a-

small heat shock protein superfamily
a-crystallin domain

MjHsp16.5
a-
X-ray
oB-
DNA
C-
C- N-
DNA

non-soluble fraction



SDS-PAGE

ES-Mass
Far UV-CD
spectra
Beta-sheet
T5
wild-type aB-
T5
T5
Tryptophan
Tryptophan
N-
N-

Near UV-CD spectra
Tryptophan Tyrosine  Phenylalanine
T5

Dynamic Light Scattering
T5

T2 T3

TS5

nm

T4

T2 T3

T4
y_
70 T1
T4
wild-type aB-
B-
60 ( )
45 ( )
0.D.340
wild-type aB-
native purified aB-
62 T1 T2 T3
62
T5 55
T1
70 T4 64
T5 57



)
Tm
217nm
T5
)
5.8
oB-
N
(
oB-
aB-
oB-
14.5
) oB-

. Plater, M. L., Goode, D., and M.

James C. Crabbe. 1996 Effects of
site-directed mutations on the
chaperone-like activity of
aB-crystallin. J. Biol. Chem. 271,
28558-28566.

. Smulders, R. H. P. H., Caver, J. A.,

Linder, R. A., van Boekel, M. A. M.,
Bloemendal, Hans, and de Jong, W.
W. 1996 Immobilization of the
C-terminal  extension of bovine
aA-crystallin reduces chaperone-like
activity. J. Biol. Chem. 271,
29060-29066.

. Kumar, L. V. S, Ramakrishna, T.,

and Rao, Ch. Mohan. 1999
Structura and functiona
consequences of the mutation of a
conserved arginine residue in aA
and aB-crystalin. J. Biol. Chem.
274, 24137-24141.

. Lee J.-S, Liao,J.—H.,Wu, S. — H.

and Chiou, S. — H. 1997
a-Crystallin acting as a molecular
chaperonin against photodamage by
UV-irradiation. J. Protein Chem. 16,
283-289.

. Lee, J. — S, Satoh, T., Shinoda, H.,

Samejima, T., Wu, S. —H. and Chiou,
S. - H. 1997 Effect of
heat-induced structural perturbation
of secondary and tertiary structures
on the chaperone activity of
a-crystallin. Biochem. Biophys. Res.
Commun. 237, 277-282.

. Liao,J.—H.,Hung,C.-C,, Lee, J. —

S, Wu, S. — H. and Chiou, S. — H.

1998 Characterization, cloning
and expression of porcine oB
crystallin. Biochem. Biophys. Res.
Commun. 244, 131-137.

. Lee, J.— S, Samgima, T., Liao, J. —

H., Wu, S. — H. and Chiou, S. — H.
1998 Physiologica role of the

association complexes of



a-crystallin and its substrates on the
chaperone  activity.  Biochem.
Biophys. Res. Commun. 244,
379-383.

. Kim, K. K., Kim, R,, and Kim, S. H.

1998 Crystal Structure of asmall
heat-shock protein. Nature. 394,
595-599.



