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SUMMARY - A sequence of 107 amino acids has been determined in the 

single chain of the major parvalbumin (p1 4.36) from hake (Merluccius 

merluccius) muscle as a result of studies on peptides obtained after tryptic, 

chymotryptic, peptic and cyanogen bromide cleavages of the protein. 

Muscular parvalbumins are a family of homologous proteins (l-3) 

which are found abundantly in the muscles of lower vertebrates (4). Their 

biological function remains uncertain. Recent observations in this labora- 

tory, however, suggest that they might be evolutionary precursors of the 

calcium sensitizing factor (troponin A) which is present in the muscles of 

higher vertebrates (5-9). The small size and the great variability of mus- 

cular parvalbumins - in number as well as in proportion and in composition- 

suggest anyway that they could be very suitable for the study of protein evo- 

lution. Work in this direction was thus started by determining the complete 
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amino acid sequence of the major component from the muscles of a widely 

available species, the hake, the three parvalbumins of which can be isolated 

in a simple manner. 

The major component was obtained by a slight modification of the pro- 

cedure described previously (10). It was found to be homogenous by disc 

electrophoresis in 12 % polyacrylamide gel at pH 9.4, by cellulose acetate 

electrophoresis at pH 5.5, by sedimentation and diffusion. The amino acid 

composition was found to be : Lysl2, His, Arg, Asx12-I3, Thr5, Ser5, 

GlxlO, Gly12, Alalg, l/2 Cys, Va14, Met, Ile7, Leu8, PhelO, with 3 amide 

groups and 1 free -SH. No free N-terminus was available, which is also the 

case with several other parvalbumins, but hydrazinolysis (11) indicated Gly 

to be C-terminal. 

About 4.5 rmoles of the S-sulfoderivative, prepared in the presence of 

6M guanidine hydrochloride by the method of Chan (12), were digested for 

5 hrs at 38” by 2.5 mg TPCK-trypsin in the presence of 2 M urea and 0.01 M 

Ca++. The resulting peptides were isolated on a column of Sephadex G-10 in 

0.1 M ammonium acetate pH 9.25, and subsequently separated by chromato- 

graphy on Dowex 1 -X2 in a linear acetic acid gradient and on Dowex 50-X4 in 

a linear pyridine gradient (13,14). Further purification of some of the pep- 

tides was achieved by paper electrophoresis at pH 6.4 or 3.6 (15) and paper 

chromatography (16). Tryptic peptides were also obtained from 4. 9 
r 

moles 

performic acid oxidized (1’7) parvalbumin by digestion for 8 hrs, with 2.3 mg 

TPCK-trypsin, of the oxidized protein after its denaturation in 6M guanidine 

hydrochloride, and separation of the peptides on Dowex 50-X4 and paper as 

above. Chymotryptic peptides were obtained in the same way from 4.0 

r 
moles protein and from 2,2 

F” 
moles performic acid oxidized protein, after 

their denaturation in 6M guanidine hydrochloride, by digestion for 8 hrs, 

with 2. 2 mg and 1. 2 mg chymotrypsin, respectively. 

The diagonal method forcysteine peptides was performed as described 

by Brown and Hartley (18) on 0.5 umole parvalbumin digested with 0.25 mg 

pepsin. Cleavage at the single arginyl residue was effected with 0.4 mg 

TPCK-trypsin in presence of 0. OlM Ca++ after maleylation (19) of 1.3 

rmoles protein in presence of 6M guanidine hydrochloride, and the resulting 

fragments were separated at 3” on DEAE-cellulose in a chloride gradient at 

pH 7.5 (20). Cyanogen bromide cleavage (21) was effected in 75 % formic 
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acid on 0. 6 
r 

moles parvalbumin and the peptides generated were fractiona- 

ted on Sephadex G-25 in 0.2M acetic acid. 

Sequential degradations were conducted either by the method of 

Blomback et al. (22), or by the procedure of Gray (23). The identification -- 

of the PTH-amino acids was made by thin-layer chromatography (24-26) ; 

that of the DNS-amino acids by thin-layer chromatography (27,28) or paper 

electrophoresis (29). Carboxypeptidase digestions were performed accor- 

ding to standard procedures (30,26). The location of amide groups resulted 

from the Edman degradations and the electrophoretic mobility of the peptides 

(31), or from their digestion with aminopeptidase M (32). 

The results of the sequence studies are summarized in Fig. 1. 

They are in agreement with the amino acid composition found for the 

whole protein, except for the number of Ala residues, of which only 18, 

instead of 19, were found in the sequence. Also, of the two possible values 

(12-13) for the number of Asx residues, the sequence studies seem to indi- 

cate that the lower value is the correct one. 

The nature of the N-terminal blocking group cannot be ascertained at 

this moment. The presence of at least one covalently bound acetyl group in 

the major parvalbumin from hake is apparent from its NMR spectrum (33). 

However, although phenylalanine is the only amino acid liberated from pep- 

tide Clb after acid hydrolysis, the mobility of the intact peptide at pH 6.4 is 

distinctly different from that of acetylphenylalanine and, also, from that of 

formyl-phenylalanine, a fact which argues against the presence of either of 

these two substituents alone at the N-terminus of the molecule. Further 

work is thus needed to elucidate this point and confirm the suggestion of 

Gerday and Rao (3) that parvalbumins have acetylated N-terminal amino acids. 

Basic amino acids appear close to each other in positions 35-37 and 

43-44 and clusters of acidic amino acids are found in positions 50-52, 58-61, 

78-80 and 89-93. The abundance of hydrophobic residues is particularly 

noteworthy between the N-terminus of the chain and the single cysteine 

residue. This might indicate that, in the native protein, this portion of the 

molecule is buried - a situation which could explain why the S-sulfonation of 

the cysteine is quantitative only in the presence of guanidine hydrochloride, 

and why the introduction of the bulky substituent renders the protein much 

more susceptible to trypsin digestion. 
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1 5 10 15 20 
X-Phe-Ala-Gly-Ile-Leu-Ala-Asp-Ala-Asp-I1e-Thr-Ala-Ala-Leu-Ala-Ala-Cys-Lys-Ala-Glu-Gly-Ser-Phe- 

Tl - -TC2 

_X(Pbs~Ala,Gl~,Ila,Le~,Ala,Asx,Ala,Asx,Ile,Thr,Ala,Ala,Leu,Ala,Ala,~ys)Lys Ala-G-h-G>y-%r-phe- 
tClb+. Clap so&- - 
X-Phe Ala-Gly-Ile-Leu-Ala-Asx-Ala-Asx-Ile-Tbr Ala-Ala-Leu -t--..------__-_-~c-- 

. Pdi 
Ala-Ala-$ys-Lys-Ala-e-9-Sx(Phe, 
- - Q/H- - 

25 30 35 40 45 
-Lys-His-Gly-Glu-Phe-Phe-Thr-Lys-Ile-Gly-Leu-Lys-Gly-Lys-Ser-Ala-Ala-Asp-Ile-Lys-Lys-Val-Phe 

-. TC3 . -TAZb _c -TA3v . TCl__-- +TAla W- 
-Lys His-Gly-Glx-Phe-E-Thr-Lys I&-Gly-Le_u-Lys GA-Lys Sz-Ala-Ala-Asx-Ile-Lz Lys Val-Phe- -- 

. A -C16a- -C9c---..+ T  - -Cl?-- - 
-- 

Lys-His-GfY(Glx) Phe-Phe Thr-Lys-Ile-G>-Leu Lz-%-*-Ser-Ala(Ala,Asx, Ile, Lys, Lys)Val-Pbe -- ----- -- -t 
. -ClJ A 

, Lys, His, Glx, Gly, Phe) Lys-Val-Phe --- 

50 55 60 65 
-Gly-Ile-Ile-Asp-Gln-Asp-Lys-Ser-Asp-Phe-Val-Glu-Glu-Asn-Glu-Leu-Lys-Leu-Phe-Leu-Glu-Asn-Phe- 

-----TEb TG2 TAlb - 
-3-$-+-A>-Glx-Asx-Lys Ser-Asx-Phe-Val-Glx-Glx-Asx-Glx-Leu-Lys Leu-Phe-Leu-Glx-Asx-Pk. d~....-A.2~~~------~4--- 

c4 w ,C14f -t 
a(Ile. Ile,Asx, Glx,Asx, Lys, Ser,Asx, Phe, Val, Glx, Glx, Asx, Glx)& Lys-Leu-Phe 

-c3 . 
Val-Glu-Glu(Asx,~lx)e 
--- 

70 15 80 85 90 
-Ser-Ala-Gly-Ala-Arg-Ala-Leu-Thr-Asp-Ala-Glu-Thr-Ala-Thr-Phe-Leu-Lys-Ala-G1y-Asp-Ser-Asp-Gly- 

TDl TF ~ 
-Ser-Ala-G>(Ala,Arg) Ala-Leu-Th_r-Ass-A>-Gl$-Th_r-A+-T&(Phe, Leu, Lys) A_l_a-Go-Asx-Ser-Asx-G~. -A -A AA,-!% 

C9b 
Ser-Ala-GA-s-Arg-Al?-Leu -A 

FrI ____ 
-Arg Ala-Leu-Thr-Asp-Ala-Glu-Thr-Ala-Thr-Phe-Leu-Lys-Ala-Gly-Asp.Se~(As~,Gly, 
c--7-----------__ 

95 100 105 
-Asp-Gly-Lys-Ile-Gly-Val-Glu-Glu-Phe-Ala-Ala-Met-Val-Lys-GlyO~ 

TD2 . TB 
-ASx-Gly-LyS --- I@-9-Val-Glx-Glx-Phe-Ala-Ala(Met, ------ Val, Lys) Gly 

-C5a-.- ,-ClOe -+ 
Ala-Ala-Met Val-Lys-Gly -A -- 

,As% GUY, LYs, Ile, Gly, Val, Gk Glx, Phe,Ala,Ala, Met, Val, Lys, Gl;) 
-CNBr _j 

-Met (Val, Lys, Gly) 

Fig. 1. Results of amino acid sequence studies on the major parvalbumin from hake muscle. The 
top line represents the proposed complete sequence; underneath are the peptides which provide 
evidence for it. Peptides whose designation starts with a T, a C and a P represent tryptic, chymo 
tryptic and peptic peptides, respectively. The occasional second capital letter indicates a fraction 
from a Dowex-1 column, while figures and small letters indicate a fraction from a Dowex-50 
column and a further fractionation by paper methods, respectively. The diagonal peptide is 
labeled di, the fragment obtained after the Arg-split is designated FrI, and the cyanogen bromide 
peptide CNRr. 

-- Edman degradation; - Edman-dansyl degradation;+- carboxypeptidase digestion. 
X represents the N-terminal blocking group. 
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A certain number of residues occur in doublets : Phe-Phe (28-29), 

Lys-Lys (43-44), Ile-He (48-49), Glu-Glu (58-59 and 99-100) and chiefly 

Ala-Ala, which appears four times (12-13, 15-16, 39-40, 102-103). Their 

frequency corresponds to what is expected statistically from the amino acid 

composition of the protein. Such is the case, also, for the twenty-three 

other heterologous dipeptide sequences which are found at least twice in the 

molecule. Two tripeptide sequences, Lys-Ile-Gly (31-33 and 95-97) and 

Val-Glu-Glu (57-59 and 98-loo), appear twice, but with different relative 

spacings, so that an internal duplication in the molecule cannot be established 

on this basis. Application of the diagram test (34) at first sight yields a 

similar, negative result. However, the striking pattern of distribution along 

the chain of the Ala residues - which are present exclusively in two well 

defined regions of approximately equal length (2 -40 and 71-l 03) each ending 

with a doublet - perhaps indicates that the possibility of such a duplication is 

not to be rejected completely. 
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