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1. Intreoduction

We have recenily described the separation and
characterisetion of diffcrent active forms of poreine
trypsin {1]. One of these forms, 8trypsin, was shown
to have a sinple polypeptids chain and #mother form
o-tyyp-in was found to differ from S-trypsin in so far
as it hus an interchain split between a lysive and a
sering residne and hence is composed of two polvoep-
tide chains linked by disulphide bridges.

In the presens work we wish to describe the chro-
matographic separation of the two polypepiide chains
of o-trypsin and the derermination of part of their
aming acid sequences.

2. Methods

2.1. Enzymes
e-Trypsin and f-trypsin were prepared from a com-
mercial preparation as described previonsly [1).

2.2. Reduciion and alkyiaiion of disulphide bridges

o- and B-Trypsins previonsly inactivated by treat-
ment with diisopropylphosphofluoridae [1] were
teducerd with mercapioethanol and either carboxy-
methylated with iodoacetic acid [2] or aminorthylated
with ethylenimine [3]. The resuliing proteins were

*“This paper is dedirated to Professor . Lederer on the
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separaled from low molecular weight contaminants on
Sepha¢ :x G-75 2s deseribed below,

2.3. Seporaiion of the two cluins of a-trypsin

This was effesied on a colomn of Sephadex G-75
{3110 ¥ 5 cmy ecrailibrated with 50% acetic acid. The
reaction mixture oblained after alkylation was appli=d
directly to this cohunn. The optical density of fractions
at 280 nm was measured. Fractions con aining protein-
aceous material were pooled, roncenirated by rotatory
evaporation under vacoum ai 457, diluted 1o twice
their volume with disiilied water and froeze dried.
Alkylated S-trypsin was separated from by-producis
of the alkylation reaction under similar conditions.

2.4. Polyacryiwnide electropheresis in the presencre of
sodium dodecyisiiphate
This was perfprmed sccording to Weber and Osborne
141, The gels were stained and destmned as described
earlier {1]. :

2.5, Amine acid enalyses
Protgins were analysed for their contents of maino
acids as in [1]. Trypiophan was measared accordingto

© Limand Chang [5].

2.6, Autpmatic amino ocid sequence unalysis

This was performed according to the gencral meth-
od of Edman and Bepg [6] with the aid of a Beckman
Sequencer (Model 890 ) following the fast protein,
quadiot donble cleavage program {Beckman program
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no. 072152 ). Phenylthichydsntoin amino acids were
identified by gas chromatography before and after
silylation [7], by thin-laver chromsatography on silica
gel plates [B] and in the casc of arginine and histine
by specific stalning reactions {9, 10].

All sequences were determined at least {wice.

3, Resualts

3.1. Separation af the iwo poiypepiide chains of
Q-irypsin
As showan in fig. 1 the vwo chains of c-irypsin were
separaied by chromatography of Sephadex G-735 in
50% scetie acid after prior reduction and carboxy-
methylation.
Gel electrophoresis in the presence of sodium doge-
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Fig. 1. Separation of the bwo chains of e~1rypsin on Sephadex
G735, The enzyme {60 mg) was inatiivated with diisopropyl-
phosphofluoridate, carboxymethylated and appliad 1o the
zolumn as deseyibed in Methods. The bars indicale the fractions
~vhich were paoled and the arrow e position of 2lutior of
garboxymethylaled f-1rypsin from the same column. Ures and
salts eluted at 1300 ml. Fraclions 71--78 gave 29.0 mp of
material and 8291 27.0 mg material after Iyophilization.
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Fig. 2. Gel electrophoresis in the presence of sodium dodecyl
sniphate oi fractions 82-91 {lef1), 71-78 (middls) (sec fig. 1)
and carboxymethylated Silrypsin {righi). The proteins
migiated from wop 1w bottom.

eyl sulphate indicated that the two frapments obtained
were homogeneous {fig, 2) and eorresponded to pep-
tides with molecular weights of approx. 13,000 and
11,000,

Essentially the same result was obtained by chro-
matography of aminoethylated o-trypsin ander simiilar
conditions,

3.2. Amino acid composition of the two chains of
Q-2 ypsin
Table 1 shows The amino acid composition of the
1wo chains of porcine a-i. ypsin compared with those
of bovine o-trypsin [11].

_3.3. Parrial amine acid sequence of porcine trypsin

The amino acid sequence of porcine trypsin starting
from the N-termiral was determined up to the thirty-"
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Amino acid composition of the two choins of pordine o-ryp-
sin sompared with the comresppnding chains of bevine a-tryp-

S1il.

Teble 1
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first residne with carboxymeihylated S-iry psin. Sub-
sequent analysis of the first peak exmerzing from the
Sephadex G-75 column {£z. 1) identified “his as the
N-terninal porticn, of the procine irypsin molecule and

Amino acid

N, erminal

COOD-terminal confirmed the ssquence of this part of the molecule as

chain chain shown in iable 2.
Pork Besid Pork Bael?
Lysine 46 5 a9 9 4. Discussion
Hiszidine 3.8 3 ¢ 1]
Arginine 3.7 2 o o The separation of the two chains of porcine astryp-
Aspatiic ackl 18.1 14 1 B sin can be achizved under similar conditions to those
g;“{@mm lz-@ 6 2.8 4 wsed by Schroeder and Shaw [11] for the separation
S 51 19 9 13 of the two chains of bovine a-irypsin. Gel electro-
Gltemic acld 2.2 2 9.1 © : s + R a 1
Proling 26 3 A5 s photesis in the presence of sodium dodecy? sulphate
Glveine 12.48 12 12.2 i3 of the separated chains suggesis that the molecular
Alanine 12 b 9 5.0 3 weights of the two fragments thus obilair2d {13,000
Half-cystcine 4.7 5 g-gb 7 and 11,000 dalicns) ase similar ‘o those obtained in
&ﬁi?ﬁ?@mm f‘?@ 1? e ; ihe case of the bovine enzyme and hen.e that the nier-
Tsolencine Wi 1D 59 5 chain split in poreine a-rypsin occurs 81 a similar
Leucing 11.1 g 7.1 5 position in the amine acid ssguence. This conclusion i
Tyrosine 3.6 5 3.8 3 supporied by sequence analysis of the separate chains
Phenylalanire 3.0 2 1.2 1 of a-trypsin sinc: as shown in table 2, the sequence of
Irypiophan 1.7 2 s 2 the frst pertion of the carboxyl terminal chain is veoy
a Sex {111 similar to that of the carboxyl terminal chain of the
b Determined as B-amincethyleyetsine. boving enzyme,
€ Delermined as methionine sulphone. The partial sequence delerminztion of porcine
trypsin carried cut here supgesis that this enzyme is very
simter in 3 wiinary stroucture to the boving enzyme.
Hence in the patial sequences described here only six
differences in amins acids are 10 be found betwsen
the two enzymes.
Table 2
N-Terminal sequeaces of the wo chains of porcine wtrypsin.
s . 12 B 15
A Poik Ite —¥Val—Gly—Gly—Tyr— Thi—-Cys—AlaT&la- Asn—Ser—— —Pro-—Tyr (3in
Val
Deef Thr—Vat
20 25 an
Pork Vai—8er—Len—Asn—Ser —Gly—S8er —1is ~Phe—Cys— Gy Gly—Ser ~Len—1e
Begf Tyr
‘ 5 10
B Pork Ser—Ser—Gly—Ser —Ser —Tyr--Pro —Sez —lenden
Beet Thr Asp-Val

132 141

A iz the N-tzrminal chain and B the C-ierminal ¢hain.

The differences in 2,2 corresponding seqnences of bovine txypsin are shown, In bovine o-trypsin the interchain split 15 found
between tesidoes 131 and 132 111, ’
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Pecently sequences comresponding to residoes 113
of the N-terminal chain and 113 of the C-terminal
chain have been gquoted from the unpublished work of
Ericsson and Hermodson by Hermodson et al. I7L
These sequences were éztermined from S-iripsin and
from a-trypsin withont prior separation of the two
chainzs of the latier form. The glotaméne residue said
10 be at pusition 11 of the carboxyl terminal chain by
these puthors probably scconnts for our present in-
ability to procged beyond step 10, These authors also
repor? valine and isolewcine in 2 2:1 ratio o2 step 12 of
the N.terminal chain. A similer resull was obiained in
he present work, The sequense 1922 of the N-ier-
mminal chain had been reporied earlier by Smith and
Liener [12] in studies on the histidine peptides of
porcine 1rypsin.

The determination of the iolal primary sequence
of 13118 enzyme is currently being nnderiaken by us.
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