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1. Introduction 

Crystalline cll-amylase (EC 3.2.1 .l) from hog pan- 
creas contains two a-amylase enzyme forms designated 
isoenzyme I and isoenzyme II with respect to their 
different electrophoretic mobilities [ 1,2]. We have 
characterized both isoenzymes by determination of 
relative molecular mass (M,) and amino acid composi- 
tion; the C-terminal amino acid [3] and N-terminal 
amino acid sequence PCA-Tyr @‘CA, pyrrolid-2-one- 
Scarboxylic acid) are identical in both isoenzymes. 
The MI and amino acid composition are likewise iden- 
tical within the range of experimental error. So far 
partial sequential data have been published on isoen- 
zyme II obtained by the analysis of its tryptic digest 
[ 51 and partial or complete data on certain cyanogen 
bromide fragments of isoenzyme I [6]. 

Here the primary structure of isoenzyme I com- 
prising 496 amino acid residues is reported. The pri- 
mary structure of isoenzyme I of pancreatic a-amylase 
can be compared with the structure of cu-amylase pre- 
cursors from mouse pancreas, salivary glands and 

liver. The structures of these precursors have been 
derived from the nucleotide sequences of the corre- 

sponding mRNAs [7,8]. The comparison together 
with the data on the N-terminal sequence of cw-mylase 
from mouse pancreas and salivary glands [9] point to 
the possibility of identical post-translational cleavage 
of aamylase precursors in 2 animal species. 

excess of CNBr and separated by gel permeation chro- 
matography on Sephadex G-100 in 0.4% formic acid. 
The individual fragments were isolated by rechroma- 
tography under identical conditions or by ion-exchange 
chromatography on SE-Sephadex G-25 in 8 M urea. 
The amino acid sequence of the N-terminal parts of 

the fragments isolated was determined by automatic 
sequential analysis based on the phenylisothiocyanate 

method in a Beckman model 890 C amino acid 
sequenator. The sequences thus obtained were checked 

and completed by sequential analysis of peptides 
from tryptic and chymotryptic digests of the corre- 

sponding fragments. These analyses were effected by 
manual degradation using phenylisothiocyanate 
method [ 111 which was replaced by the 4-NJ- 
dimethylaminoazobenzene4’-isothiocyanate/phenyl- 
isothiocyanate double coupling method [ 121 during 
later stages of the work. 

3. Results and discussion 

3.1. Determination of amino acid sequence 

2. Materials and methods 

Crystalline hog cr-amylase was prepared according 
to [IO]. Isoenzyme I was obtained by chromatogra- 
phy on DEAE-cellulose [3]. The CNBr cleavage of the 
native enzyme was performed in 70% formic acid for 
24 h at 25’C. The reaction mixture was freed of the 

The primary structures of isoenzyme I was derived 
from the sequential analysis of fragments isolated 
from the cyanogen bromide digest of native enzyme 
(fig.1). The following cyanogen bromide fragments 
were isolated: positions l-1 78, 179-202,203-274, 
203-287,288-328,329-339,340-394,395-496. 
Fragment 1-l 78 contained 3 homoserine residues 
and was converted into its S-carboxymethyl derivative 
by mercaptolysis and subsequent treatment with iodo- 
acetic acid. Fragment 104-I 78 with one homoserine 
residue was isolated from this material. Fragment 
203-287 contained one homoserine and one methio- 
nine residue and was obtained in minor quantity only. 
Fragment 395-496 did not contain homoserine, its 
C-terminal was leucine; this fragment therefore repre- 
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I II III IV w VI VII VT11 IX 
P”A Met Met Met Met Met Met Met Met Met Leu 1 
v-M-1 1-- I 

)----_(m 
l-178 179-202 203-287 287-328 329-339 340-394 395-496 

4 4 t 8 
103-178 203-274 

Fig.1. Schematic representation of cleavage of the native molecule of isoenzyme I of hog pancreatic wamylase by cyanogen bro- 
mide and of the fragments formed. 

sents the C-terminal fragment of the molecule. The 

sequence of residues l-l 02 was elucidated by analy- 
sis of overlapping fragments isolated from the tryptic 
and chymotryptic digest of fragment 1-178. Frag- 
ment 275-287 was not isolated. The amino acid 
sequence accounting for this region was obtained by 
the analysis of tryptic peptide 274-282, obtained 
from the minority fragment 203-287. The difference 
in the amino acid composition of fragments 203-287 
and 203-274 and the existence of peptide 274-282 
show that the positions 283-287 are occupied by 
glycines and leucine. Even though we did not obtain 
proof of the presence of tryptophan in this region we 
assume that, in the light of the similarity between iso- 
enzyme I and the precursors of mouse amylases, the 
structures in this region are identical. The numbering 
of amino acid residues in fig.2 is based on the same 
assumption. The cyanogen bromide fragments were 
arranged on the basis of the knowledge of tryptic 
peptides containing methionine residues isolated from 
isoenzyme II [5]. Peptides K7 and Kl 1 were subjected 
to repeated sequential analysis and their structures 
collected as follows: K7 His-Met-Trp-Pro-Gly- 
Asp-Ile-Lys, Kll Met-Ser-Tyr-Leu-Lys. The 
complete identity in the primary structures of iso- 
enzyme I and isoenzyme II in regions around the 
methionine residues permitted the methionine pep- 
tides isolated from isoenzyme II to be used as links of 
the fragments of isoenzyme I. The primary structure 
of isoenzyme I is shown in fig.2. 

3.2. Structural relations between isoenzyme I of hog 
pancreatic cwmylase and the precursors of 
mouse amylases 

The knowledge of the N-terminal sequence of 
mouse pancreatic cw-amylase [9] permits us to align 
the structure of the part of the precursor correspond- 
ing to the active enzyme, with the structure of iso- 
enzyme I of hog amylase (fig.2). Altogether 86% of 
amino acid residues occupy the same positions in 
both structures. Considerable similarities exist also 
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between hog pancreatic amylase and mouse amylases 
from salivary glands and liver. The comparison in 
fig.2 shows that pancreatic amylases of both species 
differ in length by 3 amino acid residues. The inser- 

tion of these 3 residues into the hog pancreatic amyl- 
ases is identical to the insertion of the same residues 
in the same position observed with mouse salivary 
and liver amylases. In view of the similarities existing, 
a similar post-translational cleavage of all mouse 
a-amylase precursors and of hog amylase precursor is 
also highly probable. This cleavage involves in all 
cases the scission of the peptide bond at the amino 
side of glutamine which is subsequently cyclized to 
pyrrolidonecarboxylic acid. 

In [4] we attempted to find evidence of the pres- 
ence of glutamine at various stages of preparation of 

hog pancreatic cll-amylase. We never observed N-termi- 
nal glutamine and this leads us to conclude that pyr- 
rolidonecarboxylic acid is not an artificial product of 
preparation of the enzyme. Hence the cyclization of 
glutamine follows after the post-translational cleavage 
or is a part of it. The relatively low degree of homol- 
ogy in the immediate neighborhood of the N-terminal 
sequence and especially the replacement of aspartic 
acid in position 5 by an uncharged alanine residue 
show that the immediate neighborhood of the pep- 
tide chain does not affect significantly the equilib- 
rium of the spontaneous closure of the pyrrolidone- 
carboxylic acid. In this respect it should be noted 
that there is a possibility that the post-translational 
system includes the unique enzyme responsible for 
the conversion of glutamine to pyrrolidonecarboxylic 
acid. The formation of pyrrolidonecarboxylic acid 
during protein biosynthesis has been reviewed in 
[ 131. The fact that cr-amylases, which are the key 
metabolic enzymes with a considerable degree of 
structural conservation, belong to the great number 
of proteins terminated with pyrrolidonecarboxylic 
acid should stimulate a more profound investigation 
of the biological significance of N-terminal pyrrol- 
idonecarboxylic acid in proteins. 



10 20 
PlCA-Tyr-Ala-Pro-Gln-Thr-Gln-Ser-G~Y-Arg-Thr-Ala-Ile-Bal-His-Leu-Phe-G1u-Trp-Arg-Trp-~~al-*ep-~le-*la- 
Gln Asp His Cer Asp 

30 40 50 
Lys-Glu-Cys-Glu-Arg-Tyr-Leu- Gly-Pro-Lys-Gly-Phe-Gly-Gly-Val-Gln-'lel-Ser-Fro-Pro-Asn-Glu-Asn-Bal-Val- 

Ala 

60 ?O 
Thr-Gly-Asn-Pro-Ser-Arg-Pro-Trp- 
Val His 

?rp-Glu-Arg-Tyr-Gln-Pro-r~le-Ser-?yr-Lys-I;~~-Cys-Thr-Arg-Ser-Gly-Asn- 

80 100 
,Glu-Asp-Glu-Phe-Arg-Asp-hlet-Val-Thr-Arg-Cys-Asn-Asn- ~ial-G~~-7al-Arg-Ile-Tyr-~,al-Asp-Ala-Val-Ile-Asn- 

110 120 
His-~et-Cys-Gly-Ser-Gly-Ala-Ala-Ala-Gly-~hr-Gly-Thr-Thr-Cys-Gly-Se~-Tyr-Cys-Asn-Pro-Gly-Asn-Arg-Gl~- 

Ala Am Pro Ser 

130 140 150 
?he-?ro-Ala-Val-Pro-?yr-Ser-Ala-Trp-Asp-Phe-Asn-Cys-Asn-Gly-Lys-Lys-Thr-Ala-Ser-Gly-Gly-Ile-ClI;-Ser- 

Asp Lys Cys Asn-------------Gly Glu Asp Asn 

160 170 
Tyr-Asn-Asp-~~~-Tyr-Gln-'lal-Arg-Asp-~ly-Cys-Gln-Bal-Leu-Leu-Leu-Asp-Leu-Ala-Leu-G1I;-Lys-Asp-~yr-:'al- 

~ys Arg Leu Thr Gly 

180 19C 200 
P_rg-Ser-:,~et-Ile-Ala-Asp-Tyr-Leu-Asn-Lys-Leu-Ile-Asp -Ile-Gly-'lal-Ala-Gly-Phe-Arg-Ile-Asg-Als- 

Thr L;rs Val Met His Leu Ala 

210 220 
His-Ret-T-p-Tro-Qy-Asp- Ile-Lys-Ala-Val-Leu-Asp-Lys-Leu-His-Asn-Leu-Asn-Thr-Asn-Trp-Phe-Pro-Ala-Gly- 

Arg LYS Ser Gln 

240 250 
Ser-Arg-Pro-Phe-~~~-?he-Gln-G1!~-Val-Ile-Asp-Leu-Gly-Gly-Glu-Ala-Ile-Lys-Cly-Ser-Glu-?yr-Phe-Ser-A~n- 

Gly 

251 26C 270 
31y-Arg-'ra1-"hr-G1u-Phe-Lys-~yr-C1y-A1a-Lys-Leu-G1y-Thr-~~a1-~~~-Arg-Lys-Trp -Ser-Gly-Clu-Lys-Net-Ser- 

Asn 

280 290 300 
Tyr-Leu-Lys-Gly-Pro-Leu-ws(Cly,?rp ,Gly,Leu)Met-?ro-Ser-Asp-Arg-Ala-Leu-: !al-Phe-Val-Asp-Asn-His-Asp- 

Asn-Trp-Gly-Glu-Sly-Trp-Gly-Le,l-Val 

310 320 
Asn-~ln-Arg-Gly-His-Gly-Ala-Gly-Gly-~~~-Ser-Ile-Leu-~hr -?he-~rp-Asp-Ala-Arg-Leu-~yr-Lys-'Tal-Ala-?al- 

Met 1d e t 

330 340 350 
Cly-Phe-Let-Leu-Ala-His-Pro-Tjr-Gly -?he-Thr-Arg-'Jal-Met-Ser-Ser-Tyr-Arg-Trp-AA~~-Arg-Asn-Phe-~~~-Asn- 

360 370 
Gly-Gln-Asp-~Ial-Asn-Asp-~rp-Ile-Gly-Pro-Pro-Asn-Asn-Asn-Cly-'~al -Ile-Lys-Glu-Val-Thr-Ile-Aen-Ala-Asp- 

LYs Thr 

380 390 400 
Thr-Thr-Cys-Cly-Asn-Asp-Trp-Val-Cys-Glu-His-Arg -Trp-Arg-Gln-Ile-hrg-Asn-let-Val-?rp-?he-Arg-Asn-'~al- 
Ser 

410 420 
'~al-Asp-Gly-Gln-Pro-Phe-Ala-Asn-Trp-Trp-Asp-Asn-~ "ly-Ser-Asn-Gln-Val-Ala-Phe-Gly-Arg-Gly-%sn-Arg-Gly- 

Asn Asn Ser 

430 440 450 
Phe-Ile-Val-Phe-Asn-Asp-Asp-Asp-Gln-Leu-Trp -Ser-Gly-Thr-Leu-Gln-Thr-Gly-Leu-Pro-Gly-Gly-Thr-Tyr-Cys- 

Asn Trp Ala Leu Ala Ala 

460 470 
Asp-"al-Ile-Ser-Gly-Asp-Lys-Val-Gly-Asn-Ser-Cys-Thr -Gly-Ile-Lys-Val-Asn-Val-Ser-Ser-Asp-Gly-?hr-Ala- 

Asp Gly Asn Leu Arg GUY Lye 

480 490 496 
Gln-Phe-Ser-Ile-Ser-Asn-Ser-Ala-G1u-Asp-Pro-?he-Ile-Ala-Ile-His-Ala-Gln-Ser-~s-Leu 
His Asp 

Fig.2. Comparison of the structure of hog pancreatic a-amylase, isoenzyme I with a part of the peptide chain of the precursor of 
mouse pancreatic aamylase [ 7 J. The primary structure of hog pancreatic a-amylase, isoenzyme I is shown on the first line. The 
structure of the precursor of mouse pancreatic or-amylase is shown from amino acid residue no. 16. The amino acid residues of 
pancreatic cY-amylase are designated by numbers above the symbols. PCA = pyrrolid-2-one-5-carboxylic acid. 
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