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We hive used neetic agid- ureu-trizem (AUT) #tl eleetrophoresis and ionic exchange ¢hmmutozraphy in arder to analyz (he interspecific van:\b;hty.

and mieroheterogentity patlien of the pretaminelike (PL) proleins of the sperm of 4 different species of the bivalve molluse, Mytitig. We have

found that based upon these 2 eriteria, it is ponrible ta unambiguously distingutsh esch species from the rest. We have thus been able to corraborate

ihe ulemny of M. rassudus, We have also analyzed the amine acid composition of seme of the PL campenents for euch different species, [n the
cae of the PL-1[* fraction, we have unalyzed the cﬂmpmnmn of |l! major profein subcompanents.

‘ Pmuin miceoheterogeneity: Muclear protein; Sperm prarein: A yitha .,

l. INTRODUCTION

- The sperm-specific protging of the bivalve molluscs
exhibit an extensive structural variability while main-
taining a -very similar chemical composition® [1].
Because - of their composition (R+K>45%,
T+S8=10-25%), these proteins fulfil the protamine
definition proposed by Subirana [2]. Therefore they are

called protamine-like (PL) proteins. Nevertheless, some -

of the structural variability among different PL pro-

teins seerns to arise from the fact that some of them can:

also be related to proteins of the histone H1 family
i3-5].

Different extents of mxcrohelerogeneny have been
described both for protamines 6] and for histone Hl1
proteins [7]. Whereas at the functional level, histone Ml
microheterogeneity seems to play a role in maintaining
different discrete patterns of chromatin condensation
[7}, the presence of several subcomponents in pro-
tamines does not seem to have any apparent specific
physiological advantage [6].

. Here we have analyzed the mlcroheterogenelty pat-
tern of the protamine-like components of 4 different
species of Mytilus. All PL proteins in these organisms
exhibit different extents, of microheterogeneity. Also
the extent of microheterogencity and amino acid com-
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position for a given PL protein changes among thc dlf—
ferent specxcs studied,

2. MATERIALS AND METHODS |

2.0, Livmg organisms ‘

Specimens of AMytilus edulis Linnacus, 1758, - and Myrifus
galfoprovinglalis Lamarck, 1819, were abtained from commerclal
suppliers in Barcelonn (Spain). Mytitus californignus Conrad, 1837,
were callsered at Yaquinna Lighthouse (Newport, OR) and Myrilus °
{rossuius, Gould, 1850, were collected at Esquimalt Lagoon(Victoria,
B(‘)

2.2. Gel vlectrophorssis

Acetic acid urea triton (AUT) polyacrylamide gcls of dnrrerem ‘
lengths were prepared as described elsewhere {5).

2.3. Spern colleciion and protein isolation

The sperm was. collected, and the sperm nuclei were purlfled as-
described elsewhere [1). Crude HC! protein exiracts were purified on
CM-Septradex C-25 as descrited previously [1]. Alternatively, a 10 x -

© 100 mm SP 8HR FPLC column'from Waters-Millipore was also used.

In this case, the sample was dissolved in 0.7 M NaC}, 50 mM Na- |
phosphate buffer pH 6.8 and eluted with hnear MNaCl gradxents ata
flow rate of 2 ml/min.

2.4, Purification of rhe PL-M= .submmponems

The PL-II* fractions obtained in 2.3 were loaded onto a1 X 20 ¢m

BioRex 70 column in order to {solate their protein subcomponents,
The column and the resin were prepared as descrived in [8]. Elution
wis carried out with a 100 ml (Bio-Rad) guanidinium chloride
(Schwarz-Mann) lineat gradnent (12-16%) at a 1 ml/b flow rate.
- When necessary, previous to the amino acid analysis, the protein
fractions thus obtained were further purified using HPLC on a
CisVydac column 228TP 104 usmg an acetonitrile gradient in 0.1%
TFA.
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Fig. 1. Acetic acid-ureadriton (AUT) polyacrylamide gel elee-

trophoresis of the sperm-specific nuiclear proteins of different species

of Myrifus: |, M. edulis; 2, M. galioprovingialis; 3, M. colifornianus,

.md 4, M. trosswliy, The length of the gels was inereased from A o
Cin order 1o aclne»e hmhcr levels of resolution.

2.5 Aminoe awd anul_}m
Amino acld analyses were -;arned ol as deseribed c\scwhcrc .

3. RESULTS

* Figure 1 shows the electrophoretic analysis of the
nucledr sperm-specific proteins from 4 different species
of Mytilus, As it can be seen there, the protamine-like
components PL-II* and PL-1V exhibit different extents
of microheterogeneity. At least 3 main different sub-
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campanents ean by elén-riy f.il:m'ngui;halﬂiﬁ PLIV (Fig.

IA): Although their relative mobility changes from nne

~ species to anather, the 3 fractions were observed in all

the species analyzed and they seem to be present in the
sime stolchiometrie matlo, -
In the case of PL-11* the amount and rulmlve mobili-
ty of its subcomponents seem 1o be more variable, At
least 4 proteins compoenents can be distinguished In M.
edudis and M. galloprovineialis a\nd 2 in M., valifor

manus and M. trossulus.

PL-tIS exhibits o species c!cpcndcnt clcclrophorenc‘

‘mobility in AUT gels and an apparent molécular

homogeneity, Nevertheless; when FPLC is used in
order ta purify PL-1LL, this protein component also ex-

. hibits a certain extent of microheterogeneity (Fig. 2). -

- Based on the fact that PL-11* might be related to pro-
teins- of the histone H1 family [9,10], we have frac-

tionated this protein using the method employed 10,

isolate the different histone L1 components (8] (see Fig.
3). As can be seen in this figure, using this method and

. very shallew guanidinium «nloride gradients; we have
" been able to isolate each of the major components

observeid for PL-II* in the AUT geis (Fig. LC). The
amino acid compaosition for ¢ach of these fractions is
shown in Table [, As shown in this table, all the amino
acid compositions are extremely alike and the dif-
ferences between each fraction are quite small as it
would be expected from microheterogeneity. Table 11
shows the aming acid compositions from the unfrag-
tionated PL-[IT components. Inthis case the differences
in-amino acid compositions are more significant, They
clearly reflect the inter-specific differences observed in

- their electrophoretic mobility (see Fig. 1A, B). Thus,

combining the electrophoretic and amino acid analysis
of the different PL proteins it is clearly possible to-
dlstmgmsh between the different specxes of M_yu!us
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Fig. 2. (A) FPLC h‘acuonauon of the protamine-like proteins of M. gal!opravmmahs on an SP 8HR column, (B) Eler..trophmem analysls of the

chromatograpmc profile shown in (A). S
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O R A 4. DISCUSSION . _
[ We have shown that all PL proteins from Mytilus: -
o.sl exhibit  different  interspecific  microheterogencity.
1 : . * Although the reason for this variability smongst the
. ! : ‘different speeies is unknown at present, it most likely
o o [P, reflects the different evolutionary. ¢onstraints under-
G4y USRS it ‘ gone by cach species. This idea is supported by the re-
PR : 14 eent studies carried out by Milyutina and Petrov [11] us-
‘ 3 ing DNA-DNA hybridization to study the extent of
ozk T DNA sequence divergence in different species: of

Mytilus, In their analysis, they were able to show that
M. edulis and M, gatloprovincialis diverged very recent-
ly compared to other specics of Myrilus. In our analysis, .
PL-II*™ from M. edidis and M. gallopravineialis exhibits -
the same qualitative and quantitative microheterogenei-
ty bath in gel electrophoresis (see Fig. 1C) and by
e chromatography (results not shown), whereas all the
Jia other PL seem to be variable, ‘ C _
Quy resules, like those from [11], clearly show the
12 - phenotypical differences observed between different
© ‘forms" within the genus Myrilus have their counterpart -
at the molecular level, Whether or not a major tax-
!  onomic separation exists between each of these forms,
seems however, to be more complicated. Thus, whereas
‘ ‘ ~ our data show that there are some clear differences in.
00 N , AT CPL-III" and -PE-IV between M. edulis and M.
o 2 AC ey 50 60 gatloprovincialis, they do not allow us to settle thecon-
‘ ' TION ‘ troversy [12] initiated by Lubet (13] on whether these 2 -
Fig. 3. lonic exchange chromatography on Bio Rex of the PL-11* pio- forms should be considered as different species or mere-
el ralon com Mt ()0, s, )20 sty s ifferent ccotypes. They provide, however, sup-
LA N 7 Y Lk ‘s carriec ! t ' e . ; | .
i;unnid‘mium chl‘nrme gradients in 50 mM sodium phosphatcbuff&r po”_ Fo the identification of M. ”ossuh_‘s from Ehe .
pH 6.8, Theinsetin (A) shows the electrophoretic analysis of some of -Pacific Northwest shores of quth America as being
the fractions collested. Letters *a', ‘b, ¢’ and ‘d* have the same different from the Atlantic form of M. edulis [14].

Maolecular and biochemical! studies such as those
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. meaning as in Fig, 1. $ = starting protein sample. -

Table |
Amino acid compaesition (mol %) of the PL-JI* subcomponents of soime species of Mytilus
M. edlis M. californicins M. rrossulus
a b Te d a b a. b
Lys 16.5 18.2 17.0 18.7 21.6 16.4 17.8 18.0
His 0.6 0.7 0.3 0.2 0.3 0.8 0.5 0.6
Arg 1041 10.¢6 10.9 10.4 9.3 10.2 - 9.7 © 9.4
Asx 5.9 5.9 5.5 52 5.9 6.0 5.4 5.8
Thr 5.4 4.4 4.1 37 37 4.2, 4.0 4.0
Ser- 15.4 15.5 14.3 13.8 14.4 17.0 14.8 15.0
Glx 1.9 1.7 1.7 1.8 2.0 1.8 1.1 1.1
Pro 6.4 6.8 7.5 7.5 6.9 7.4 7.7 7.4
Gly 8.5 8.6 8.4 9.1 10.6 8.7 8.5 8.7
Ala 154 14.4 154 . 4.3 12.7 11.8 15.0 14.7
172 Cys -— — - — -— — —_
Val 3.5 1.8 - 4.3 4,4 N | 33 4.1 4.1
" Met 1.7 1.8 1.6 1.3 1.7, 1.7 2.0 1.9
fle 3.2 K| 2.8 2.8 2.8 3.5 3.2 3.5
Leu 4.1 3.9 4.4 4.6 4,2 4.5 4.3 4.3
Try 0.7 0.7 08 0,6 :0.8 0.7 0.7 0.8
Phe - 1.4 1.4 1.2 1.3 1.3 1.6 1.3 1.3
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Aming acld composition (m::i o} of the PL-1H prateins l’mm some ip«*m af Mwﬂm
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presented here are very important for, in conjunction

with other genetic hybridization studies, they rmay be
able to provide information on the minimum requisites
involved, at the molccular lavel, in the presence of
specntmn.
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