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a-Actinin and spectrin have common structural domains 
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The CC- and p-subunits of spectrin are made of repeated homologous umts of 106 residues. In the recently 
reported partial sequence of the chicken non-muscle a-actinin, a repetitive sequence homologous to the in- 
ternal repeat in spectrin occurs several times. Both spectrin and a-actinin are components of the cytoskeletal 
network, the integrity of which is based on multiple and complex interactions. We suggest that the shared 
domain structure indicates common structural principles or interactions of spectrin and cc-actinin and re- 

flects their common evolution. 

Spectrin; a-Actinin; Sequence homology; Actin binding 

1. INTRODUCTION 

Spectrin is the major component of the so-called 
membrane skeleton and is present in practically all 
types of animal cells [l]. Spectrin forms dimers 
containing 240-kDa LY- and 220-kDa P-subunits. 
Two heterodimers form tetramers which in eryth- 
roid cells are capable of forming larger oligomers 
[2]. a-Actinin is a dimer of identical 1 IO-kDa 
monomers [3] and can be found in muscle and 
non-muscle cells [3]. Both of these proteins are 
rod-like molecules that bind F-actin [4]. 

2. EXPERIMENTAL 

We are currently sequencing the cDNA of chick- 
en brain spectrin. In the course of this study we 
compared the predicted amino acid sequence of the 
brain a-spectrin with the recently published se- 
quence of chicken and Dictyostelium discoideum 
a-actinins [5,6]. This was carried out by using a 
computer program DIAGON where scoring is 
based on a mutation data matrix [7,8]. The span 
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used in calculation was 21 and the dots shown have 
a score 245. 

3. RESULTS 

Fragments of the deduced amino acid sequences 
of a- andfl-spectrins [9] and D. discoideum [6] and 
chicken fibroblast a-actinin [5] have been pub- 
lished. In this study we also utilized about 3.1 kb 
of our unpublished sequence data on chicken brain 
a-spectrin. This sequence extends in both the 5’- 
and 3 ‘-direction of our previously published data 

191. 
Comparison of the segment containing approx- 

imately nine 106-amino-acid-long units of the 
chicken brain a-spectrin with the recently reported 
primary structure of the chicken a-actinin (com- 
prising 86% of the full-length sequence [5]) reveals 
striking homology between the sequences (fig. 1A); 
a part of each spectrin unit finds homologous se- 
quences in the C-terminal half of the a-actinin se- 
quence. A similar, but weaker homology was seen 
when the comparison was made between spectrin 
and D. discoideum cu-actinin (comprising about l/j 
of the full-length sequence [6]) (see fig.lB). 

In fig.2, the homologous sequences of chicken 
brain spectrin and chicken cu-actinin are aligned. A 

Publrshed by Elsevrer Scrence Publrshers B. V. (Biomedical D~vrsron) 

00145793/87/$3.50 0 1987 Federation of European Biochemical Societies 73 



2 

i 9 
D

. 
ci

is
co

id
eu

m
 

Q
-a

ct
in

in
 

re
st

du
e 

no
 

w
 

8 0 
8 

0 m
 

I 
I 

,.‘
 

,’ 
4”

 
./ 

.p
’ 

.’ 
/ 

/ 

..’
 

ch
ic

ke
n 

@
-a

ct
W

In
 

re
si

du
e 

no
 

/ 

/ 

I i / 

I ,’ 

I 

: 

/ 

/ 

8
 

.‘ 

,’ 

/ 
,/ 

, 

i 

.I 

/ 

, / 



Volume 221, number 1 FEBS LETTERS August 1987 

698 t IL> 

QFHWKADWE SWIGEKENSL 
*I l * 1 * ** ** * 

KFRQKASIHE SWTDGKEAML 
340 357 

788 805 
ANSAARKKKL LEAQEHFRKV 

*I *I l 

ALTQKRREAL ERTEKLLETI 
430 447 

871 888 

735 755 775 7135 
KTDDYGRDLS SVQTLLTKQE TFDAGLQAFQ QEGIANITAL KDQLLAAKHI QSKAIEVRHA SLMKRWNQLL 

l * * j* l * *I / I* *j * 1 * I* 1 * It 

QQKDYETATL SEIKALLKKH EAFESDLAAH QDRVEQIAAI AQELNELDYY DSPSVNARCQ KICDQWDNLG 
377 397 417 427 

?25 
845 865 870 

EDLFLTFAKK ASAFNSJFEN AEEDLTDPVR CNSLEEIKAL REAHDAFRSS LSSAQADFNQ LAELD----- 
* l /**I l ** * * l l ** l 

I l l **I*Il* l II III 
DQLYLEYAKR AAPFNNdMEG AMEDLQDTPI VHTIEEIQGL TTAHEQFKAT LPDADKERQA ILGIHNEVSK 

467 467 507 517 

308 928 t 948 958 
--RQIKSFRV ASNPYTWFTM EAYEETWRNL QKIIKERELE LQKEQRRQEE NDKLRQEFAQ HANAFHQWIQ ETRTYLLDGS CMVEESGTLE 

I, /**** * * 1 /j */ * * ** *I/** **I *** / * [ 

IVQT&N&, G+NPYTTITP QEINGKWEHV RQLVPRRDQA LMEEHARQQQ NERLRKQFGA QANVIGPNIQ TKMEEIGRIS IEMHGTLEDO 

520 537 557 577 597 617 

961 978 998 1017 
SQLEATKRKH QEIRAMRSQL KKIEDLGAAM EEALILDNKY TEHSTVGWRS SGTSLTSWE 

I * I I I* t*** *** * I l *I 
LNH--LRQYE KSIVNYKPKI DQLEGDHQQI QEALIFDNKH TNYTMEHIRV GWEQLLTTI 
610 625 645 664 

Fig.2. Alignment of chicken brain cu-spectrin and chicken cu-actinin sequences in the region showing the highest degree 
of homology (match marked by an arrow in the diagonal plot in fig.lA). The standard single letter code is used. 
Asterisks denote identical and vertical lines homological residues. The homology arises from using structurally related 
amino acids of the following families: A, I, L, V; Q, N; F, Y, W; P; E, D; H, R, K; S, T; G; C; M. Arrows indicate 

the positions of the tryptophans which are highly conserved in spectrin repeats thus far sequenced [9-121. 

gap is introduced into the spectrin sequence to ob- 
tain optimal alignment. The consensus sequence 
seems to start just prior to the tryptophan residue 
that is shown to be invariant in the 106-amino-acid 
repeats of both erythroid and non-erythroid spec- 
trins [9-121. The similarity of deduced amino acid 
sequences, when optimal alignment is used, is 
25%. When conservative changes are counted, the 
degree of homology is 40%. Especially significant 
homology is found in the regions where the in- 
variant tryptophan residues of spectrin occur 191. 

Fig.3 shows schematically the structural rela- 
tionship between spectrin and chicken and D. dis- 
coideum ru-actinins. Amino terminal halves of 
a-actinins, harboring the actin-binding site [ 131, 
are almost identical except for a short stretch in D. 
discoideum cu-actinin with a spectrin-like sequence. 
The homology abruptly ends at positions 320 
(chicken a-actinin) and 280 (D. dictyostelium a- 
actinin) after which there is a 20-amino-acid-long 

320 

186 280 

d d alpha ectlnln 214 300 
t:, 1 , /, , 

1 414 

Fig.3. Schematic representation of the spectrin-like se- 
quences in chicken and D. discoideum cu-actinins. The 
numbering is based on the sequences published in [5] and 
[6]. Spectrin-like sequences are marked by hatched 
boxes. The thick cross bar shows the position at which 

the N-terminal identity of the two cu-actinins ends. 

stretch in which the sequences diverge. In these 
stretches no spectrin-like sequences can be found. 
From amino acid 340 onwards in chicken cu-actinin 
there are three repeats which show a high degree of 

Fig. 1. Diagonal plot of amino acid matches between chicken brain cy-spectrin and chicken a-actinin (A) and between 
brain cu-spectrin and D. discoideum ru-actinin (B). Arrow marks the match which is shown in sequence alignment in 

fig.2. 
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homology with the 106-amino-acid repeats of spec- The spectrin-like repeats in cy-actinin may also 
trin. This homology ends at about 50 amino acids carry membrane-anchoring functions since both 
from the carboxy-terminus of cu-actinin. In D. dis- spectrin and Lu-actinin have been shown to be in 
coideum cu-actinin the homology with spectrin is close contact with the cytoplasmic face of plasma 
lower. membrane [1,15,16]. 

4. DISCUSSION 

Our results show that chicken non-muscle CJ- 
actinin contains a repetitive, spectrin-like se- 
quence. It maps to the C-terminus which in earlier 
studies has been shown to be responsible for the 
formation of cu-actinin dimers [ 131. In contrast, no 
homology was noticed between the spectrin se- 
quence and the N-terminal, actin-binding end of cy- 
actinin [13,14]. A similar but weaker homology 
was found between D. discoideum a-actinin and 
chicken spectrin. The degree of homology could 
not be reliably assessed, however, due to the pauci- 
ty of sequence data on D. discoideum cu-actinin. 
On the other hand, the actin-binding N-terminal 
halves in both u-actinins showed a virtual identity 
with each other (not shown). 

There are no sequence data yet available for the 
N-terminus of brain cu-spectrin. However, from 
the present sequence data on erythroid and non- 
erythroid spectrins and on the basis of the struc- 
tural similarities of erythroid and non-erythroid 
spectrins [lo-121, we can infer that there are no se- 
quences present in spectrins that are homologous 
to the actin-binding domain of a-actinin. Hence, 
cu-actinin must be considered a hybrid molecule 
composed of an actin-binding domain and an in- 
ternally repeated structure which in spectrin is 
present as the major structural motif. 

The similarities in the primary structure of (Y- 
actinin and Lu-spectrin have important ramifica- 
tions to the functions of these two cytoskeletal pro- 
teins. In spectrin, the 106-amino-acid repeat has 
been shown to have a predominantly a-helical 
structure, and the repeated motif may be con- 
sidered as the basis of its rod-like structure [9-121. 
These helical repeats are also thought to facilitate 
formation of dimers from cy- and ,f3-spectrin [ 1,111. 

Thus it is logical to consider that the homologous 
portion in Lu-actinin also serves a similar function. 
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