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Our recent paper concerning bovine trypsinogen] 2 presented a description of
the primary structure of this protein, including the disulfide bridges. However,
at that time an unequivocal assigmment of all amino acid residues had not been
made for several amino acid residues (positions 121, 177, 180). Thus it was not
known whether these residues occurred in the form of acids or amides. The aspartic
acid residue In position 151 has now been correctly determined as asparagine.

The aim of the present comwunication was to remove all thess uncertainties and
to complete the investigation of the covalent structure of this proteine. A pre=
liminary report of this work was presented at the Third Federation Meeting of

European Biochemical Societies3.

Materja] and Methods
The peptides used were isolated from various digests of the protein and are

summarized as follows:

Designation of the Peptide Hydrol yzate Reference
€2,C39 chymotryptic from S-sul fo=DIP-trypsin® 4
N 28 peptic from DIP=trypsin 5
T1, T12, T30 tryptic from S=sul fo-trypsinogen 647

* Abbreviations: DANSYL= = dimethylaminonaphtalenesul fonyl=,
DiIP= = diisopropyl phosphoryl.
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The quantitative analyses of these peptides can be found in the papers
quoted. The charges of the peptides were estimated by descending electropho=
t'esis8 at pH 5.6. Growth tests for asparagine using a strain of Lactobacillus

10

casei were carried out by methods developed in our laboratory™? ", Edman de-

n

gradation of peptides was carried out by the DANSYL-modification according

12

to Gray and Hartley °, the amino acid derivatives being identified by thin-

3~15

layer chroaatography‘ . The aminoethylation of reduced S-sulfocysteine

peptides was carried out according to Raftery and Cr.vleq'5 (cf.ref.").

Results
The composition and charge of the peptides, the asparagine tests and the

position in the resulting structure are show in Table |,

Peptide C 25 was neutral. Since it contains one basic amino acid (Lys) and
one acidic residue (S~sulfo=Cys) the aspartic acid must be present in the ami-
dated form. For the same reason peptide C 39 must contain all the acidic amino
acid residues in the amide form. The acidic character of peptide N 28 from the
region of the active center must be due not only to the aspartic acid residue,
but also to the partly or completely hydrolyzed DiP-serine residue. Therefore,
0.75 /nole of the peptide was subjected to the DANSYL-Edman t.ect'mique]2 using
descending paper electrophoresis after each step. The original peptide gave a
grayish=yellow colour with the ninhydrin reagent (0.2 X ninhydrine + 1 % colli=
dine in acetone) typical for N-terminal glycine, and its mobility was 0.83
(relative to the mobility of glutamic acid). After the first degradation step it
was blue~purple when detected with the ninhydrin reagent (indicating aspartic
acid and not asparagine at the N-terminus) and its relative mobility rose to
0.9 since the acidic peptide was degraded beyond the neutral glycine residue.
After the second step, when aspartic acid was split off, the relative mobility
of the remaining fragment dropped to 0.53 which corresponds to the presence of
a partly hydrolyzed isopropylphosphorylated serine residue in the peptide.
After the third step the mobility dropped to zero and the grayish-yellow colour
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with ninhydrin reagent corresponds to N-terminal glycine. The results of chroma=
tography of DANSYL-derivatives of amino acids are included in Table I.

Peptide T 1 contains 2 residues of aspartic acid and gives a positive test
for asparagine. Since residue 182 in peptide N 28 and also in other peptides 18
was determined as aspartic acid, the positive asparagine test in the peptide
T 1 should be ascribed to residue No. 177. In order to determine the character
of the residue in position No. 180, 0.375 /unole of fragment T 1 ox S 7 (prepa~
r'ed19 by cleavage of peptide T 1 with subtilisin) was gradually degraded using
the modified‘z Edman method. After the third step 20 X of the material was
treated with leucine aminopeptidase and the glutamine split off was determined
as its DANSYL-derivative by thin-layer chromatography. The determination of the
other part of the sequence of peptide T 1 has been published elsewherele. To
determine residue 121, 20/unole of peptide T 24 were hydrolyzed with 8 mg of
pepsin (37°C, 6 h)e Using chromatography on Dowex 50 and on paper the heptapep=
tide T 24-~pA3 of composition (Ser,Ala,Gly,Thr,Gln,S=sulfo=Cys,lLeu) was isolated,
One /unole was reduced with 2-mercaptoethanol, amincethylated with ethylenimine
and directly desalted on a column of Sephadex G 10 (2.5 x 39 cm). The resulting
product was of basic character on descending paper electrophoresiss. Since its
hydrol ysate contained only one basic residue (aminoethylcysteine) and one acidic
amino acid (Glu) (cf.ls), the latter must be present in the form of an amide.
The determination of the amino acid sequence of the whole peptide, T 24, has been
pub) i shed inm. Peptide T 30 gave a positive test for asparagine and hence the
only aspartic acid in position 151 must be in the form of an amide. This conclu~
sion is in agreement with the results obtained with peptides C 25 and C 39.

The complete covalent structure of bovine trypsinogen including all the amide

positions is presented in Table 1,

Biscussion
The results presented here resolve the uncertainties with regard to the deter—

mination of amides mentioned in our previous papers' ’2, and correct the residue
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in position 151 to asparagine. The presence of asparagine in peptide T 30 had
already been tentatively identified in a previous paper7. The structure of
trypsinogen presented by Walsh and Neurath?® includes 26 amides. The anal ysis

for total amides reported by \lisu:-:rnathazI showed 29 amides in trypsin in agree-

22

ment with the analysis of DIP=trypsin by Zmrhal™ . Qur covalent structurs of

trypsinogen (Table |1) includes 30 amides and differs from the structure propo=
sed by Walsh and Neurathzo in the replacement of serine (position 84) with pro-
line (within the range from 84 to 87) as well as in the presence of amides in

positions 58, 67, 68 and 151, Our total structure differs from the structure

3

quoted by Hartley and co-workers ~ in the Ser/Pro replacement, in the reversal

of the dipeptide sequence Thr.GIn (residues No. 120 and 121), and in the pre~
sence of amides in positions 58, 68 and 151,

Details of our final investigation of the amino acid sequence are now in

4,18

press ? . The knowledge of the complete covalent structure of bovine trypsino-

gen represents a solid base for an exact study of the tertiary structure of

this protein and of the relationship between structure and function.
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