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Corparison of the p-crystallins isolated from eye lenses of shark and carp

Unigue secondary and tertiary structure of shark y-crystallin
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wCrystadlin isolated from the shark of cartilaginous fishes wis compared with the cognate y-erystallin from the carp of bony tishes. Distinct differ-
ences in umino acid compositions, primary, secondary and tertiury structures were found, The most salient features of shark y-erystaflin licin the
fact that this erystallin possessed o signilicant a-hetical steueture in the peptide backbone us revealed by cireular dichroism study, in contrast to
those orthologous y-crystalling from other vertebrate species including bony fishes which all show s predominant f-sheet secondary structure, The
tertiary structure as reflected in the intrinsic microenvironments of various aromatic amino acids in the native crystalling also shows unambiguous
differcnces between these two classes of y-crystalling, N-Terminal sequence analysis corroborutes the structora! differences between shark and carp
y-erystalling, ;- Crystallin from the more primitive shark scems to be more in line with the main evolutionary phylogeny leuding to the modem
mammaliin yecrystallin,

Lens erystalling Chondrichthye; Osteichthye; Circular dichroism; Sequence comparison; Phylogeny; Shark: Carp

1. INTRODUCTION

Fish represents the oldest, largest and most diverse
group of vertebrates. They evolved about 500 million
years ago and today constitute more than half of
vertebrate species, i.e. there are more fish species than
all other vertebrates combined [1]. The modern fishes
are composed of two major classes: (i) Chondrichthyes
or cartilaginous fishes and (ii) Osteichthyes or teleos-
tean (bony) fishes.

The mechanism governing the presence and distribu-
tion of various common and specific classes of struc-
tural proteins, i.¢. lens crystallins, in evolutionarily dis-
tant classes of vertebrates is intriguing regarding some
aspects of protein evolution in these supposedly struc-
turally homologous and functionally degenerate pro-
teins [2-4]. We have recently characterized crystaliins
from the shark lenses of cartilaginous fishes [5)].
Preliminary characterization has revealed that a distinct
amino acid composition with low methionine content is
associated with the y-crystallin class of shark crystallins
in contrast to those y-crystallins found for other teleos-
tean fishes such as carp [6]. In the present investigation
a special effort is directed to study the conformational
differences between the purified v-crystallins of these
two piscine classes by circular dichroism spec-
tropolarimetry.

Correspondence address: S.-H. Chiou, Institute of Biochemical
Sciences, National Talwan University and Institute of Biological
Chemistry, Academia Sinica, PO Box 23-106, Taipei, Taiwan ROC

Published by Elsevier Science Publishers B.V. (Biomedical Division)
00145793/90/%3.50 © 1990 Federation of European Biochemical Socicties

2. MATERIALS AND METHODS

2.4 Isolation and purification of werystalling

Thesharks (Seoliodon walbeemii) and carps (C‘)‘pn‘n us carpin) were
provided by the local fishery company under a special contraet for
scientific research, The isalation and purification of y-crystallins
employing gel-permeation and cation-exchange chromatography were
essentially according to the previous reports [6-7). Cation-exchange
cliromatography using TSK CM-650 (Merck, Darmstadt, FRG)
resolved carp and shark y-crystaltins into 4 and 6 subfractions, respec-
tively, and the major peaks (carp 4-1V and shark y-11) with the highest
optical density were subjected to amino acid and N-terminal sequence
analysis, SDS.-polynerylamide gel electrophoresis (SDS-PAGE) was
used to check the purity, The separated subfractions were also
rechromatographed on reversed-phase HPLC using Waters uBon-
dapak Cia column (3.9 % 300 mmj) in 0.1% trifluoroacetic acid (TCA)
and acetonitrile gradient 1o remove the salts before amino acid and se-
quence analyses,

2.2, Amino acid analysis

Amino acid compositions were determined with the Beckman High-
Performance Amino Acid Analyzer (Model 6300) with dual-channel
data system using a single-column based on ion-exchange
chromatography. The haif-cystine content and tryptophan could be
determined with accuracy by bydrolysis with 4 M methanesulfonic
acid containing 0.2% 3-(2-aminocthyllindole (Pierce, Rockford, IL.,
UBA) as described previously [8].

2.3. N-Terminal sequence analysis

The N-terminal sequences of major fractions from HPLC column
were carried out by automated Edman degradation with a pulsed-
liquid phase sequencer (Model 477A, Applied Biosystems, Foster
City, CA, USA). The vacuum-dried samples each containing about
0.1-0.5 nmol of purified peptides were dissolved in 50 ul of 0.1%
trifluoroacetic acld (TFA) and 10 ul each for sequence determina-
tions,
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Fig, 1 CDspeatra of shurk (A und carp {3 < crystallins in the farc
UV region, Conditions are as deseribed in section 20 The cllipticity in
degrees em®/desimote is caleulated on the basis of a miean resiclie
weight of 115 for these erystalling. The protein coneentrution was
0.0648 and 0.0729 mganl for shark (A) and carp (B erystallins,
respectively. The ellipticity values were taken from the average or {0
senns at i time constant of 25, Note the presenve of u characterisiiv
re-helical feature with two negative elliptivity peuks lovated ut abou
A0 el 218 nmin (A and ad-sheet structure with a peak i 217 i
in (13).

2.4, Circudar dichroism (CE) studics

The cireular dichroie spectra for y-crystallins were obtained on o
Jasco J-600 automatic recording dichrograph at room temperature
(20°C). The instrument was calibrated with an deueous solution of
(+)-10-camphorsulfonic acid. The crystalling were dissolved in 0.05
M Tris buffer. pH 7.8 at o convcentration of 0.050-2.25 mg/ml. All
protein solutions were centrituged and the clear supernatant fractions
used for mensurement of CD specira. The protein concentrations of
y-crystallin solutions for the CD study were estiimated using an ab-
sorption coefficient of 2,14 and 2.44 (1 mg/ml, at 280 nm), respective.
ly, for carp and shark y-crystallins, determined from the protein dye-
binding method (9] using bovine serum albumin as standard. The
cllipticity data were converted to mean-residue-weight ellipticity using
a mean-residue weight of 115 for all y-crystallins, Analysis of CD
spectrum in the far UV region in terms of the fractions of the strue-
tural clements, i.e, helix, g-sheet, @-turn and unordered form, was
carried out according to the pracedure of Chang et al, [10]. A non-
linear least-squares curve fitting in the 190-250 nm region at l-nmin.
tervals of CD spectra was used to find the best estimate for the percent
contribution of cach structural element in the studied crystallins.,

3. RESULTS AND DISCUSSION

The modern Chondrichthyes class of fishes (for ex-
ample, sharks, electric rays and their relatives) are
distinguished by their cartilaginous skeletons in con-
trast to the bony skeletonis of Osteichthyes (bony
fishes). Sharks diverged from the Placodermi long
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betore the appeacance of madern bony Cishies ad e
phibians, They constituted the early forms of Tishes auel
are thought to have been ancestral o the lend
vertebrites (11, We have previously  studijed  the
crystalling from the carp of Osteichithyes an the profein
structure and sequences [12,13). The salienr teature of
carp y-erystallin lies in the faet that it possesses o high
content of methionine (12«15 mole %%) in amino ackl

ccomposition as compared to that ol mammaliay »-
Cerystalling with low methionine conrent (3-5 maole %),

Unexpectedly the preliminary  structural  study  of
erystatling from shark lenses {8 indicated that o-
erystallin isolated from this cartilaginous fish possesses
an amino acid composition similar to that of mam-
nuadiun y-crystallin, Inthis report we have investigated
tite conformational differences between these two
classes of piscine y-erystallins by comparison of their
CD spectra in the peptide backbone and aromatic
regions.

Fig, 1 shows the CID spectra In the fur UV region
(190-250 nm) for the purified shark and carp #-
crystallin fractions isolated from cution-exchange
chromatography [7]. 11 is noteworthy that shark -
crystallin shows the characteristic e-liclical feature with
two mnegative cllipticity peaks of maxima located at
about 203 and 218 nm. In contrast y-crystallins of
bovine and carp lens show the predominance of 4 g-
sheet structure witi the maximum of negative ellipticity
located at about 217 mm [6,14]. The estimations of the
fractions of four basic structural elements (Table [} in-
dicated abont 18% o-helical structure for shark -
erystallin in contrast to 99 and 10% helices found for
carp and bovine «-crystallins respectively [15-17], The
existence of a significant «-helical conformation in the
peptide backbonce of y-crystallins in the primitive fishes
such as shark is striking since most mammalian
crystallins such as a-, 8- and +-crystallins all exhibit a
common B-sheet structure, which is supposedly to be
related to the close-packing of erystallins inside the lens
fiber cells [18].

Fig, 2 shows the CD spectra in the near UV region
(250-325 nm). The well-defined dichroic peaks were
found for ~-crystallins of both species, which may in-
dicate a rigid defined environment for the aromatic
residues of these piscine crystallins, It is of special in-
terest to see the double negative-ellipticity peaks at
288/298 nm and 2837291 nm for shark and carp y-

Table 1

Estimation of secondary structures for shark and carp y-crystallins

(%) c-Helix B3-Sheet B-Turn Unordered form
Shark v 18+ 5 40.: 12 2+ 9 10x7
Carpy . 9x5 48+ B 4+ 6 2=x6
Bovine 105 30 £ 11 25 = 10 35 +£13

The method used for determination of these values is described in section 2.4, The values shown for % secondary structures represent the eslimates
from non-linear least-squares curve fitting of CD spectra £ (estimated uncertainty in the fitting procedure). Data for bovine y-crystallin are taken

from [15]. ‘
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Pige, 20 CD spectea of shark (A) and caep (3) = -crystalling in the near
UV region, Conditions ave as deseribed in section 2. The ellipticity in
degrees em*Adecimole s valeulated on the basis of a miean residue
weight of 115 for these crystallins, The protein concentration was
LOLEand 1LOSS mesmt tor stk (A and carp (3) crystalling, vespeg-
tively, The ellipticity values were taken from the average of 10 seins
ava ity constant of 2 s,

crystalling, respectively, which may be reflective of the
microenvironments of phenylalanine and tyrosine
residucs in these crystalling [19]. However, these peaks
showing negative ellipticity maxima at the different
wavelengths would certainly indicate different tertiary
structures present in these two crystalling.

N-Terminal sequence analyses of the major shark
and carp y-crystailin subfractions isolated from TSK
CM-650 by Edman degradation up to the thirty resicdues
are shown in Fig. 2. The sequence of the corresponding
segment in boving ylIl-crystallin {20] is also shown for
pair-wise comparison. Unexpectedly 9 differences in the
first N-terminal 30 residues between the sequences of
shark and carp vy-crystallins were found., Among these
substitutions between carp and shark crystallins there
are several conservative changes of amino acids such as
Asp/Glu at residue no. 17, Ser/Thr at residue no, 20
and Ile/Leu at residue no. 25. However nonconser-
vative changes of amino acids were also identified at
residue no. 4 (}le/Thr), 15 (Ser/Cys), 19 (Met/Ser), 23
and 27 (Ser/Pro). It is of interest to note that there are
only 6 differences among the 30 N-terminal residues
between shark and bovine y-¢crystallins. In addition the
five non-conservative sequence substitutions were not
observed when comparing the sequences of bovine and
shark proteins. It would seem to indicate that ~-
crystallins of bovine and shark are more closely related
than those between carp and shark. The detailed se-
quence comparison may need to await the complete se-
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Fisgt, 3. Comparison of Neterminal sequetives of yrystallins from
carp, shark and bovine lenses, The sequences listed For carp und
bovine crystadlins were taken from {13,20). Note that there are 9 and
6 amine acid substitutivns between carp/shark and shark/bavine,
respectively, fur the fisted Neterminal sequeniwes of 30 residues,
Amino aeld residucs are denoted by ope-letter symbuols,

quence information of shark -crystallin which is cur-
rently under investigation Ly ¢DNA cloning and se-
Jquenging,
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