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1. Introduction

The serine proteases represent one of the best
characterized families of proteins which have evolved
from a common ancestor [1]. They include such
functionally diverse and distinct enzymes as the
digestive proteases of the pancreas, trypsin, chymo-
trypsin and elastase, and the hepatic proteases of the
blood coagulation system, thrombin, factor X, and
factor IX, [2].

Plasmin [1] and kallikrein [3] also belong to this
family. Among these enzymes, the trypsins, defined
by common features of their active site, seem to have
been preserved during the whole span of evolution
ranging from bacteria to mammals. The complete
covalent structures of three vertebrate trypsins, i.e.,
bovine [4], porcine [5] and dogfish [6] have been
reported and structural details of several other verte-
brate trypsins are known in part [4]. In contrast,
little information is available on trypsins of inverte-
brate animals despite the fact that nine of ten phyla
of the animal kingdom are represented by inverte-
brates. A proteolytic enzyme which exhibits tryptic
specificity toward peptides and synthetic substrates
[7,8] was found in the invertebrate crayfish Astacus
leptodactylus and was later identified as a serine
protease [9].

In contrast to bovine trypsin, the crayfish trypsin
is a rather acidic protein which is irreversibly inacti-
vated at low pH [8]. The molecular weight, calculatec
from the amino acid composition is 24 000 [10] and
in contrast to the vertebrate trypsins crayfish trypsin
contains 6 rather than 12 half-cystine residues. The en-
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zyme occurs in multiple forms, varying in number from
species to species, as determined by immunological
methods [11]. Since bovine and crayfish trypsin have
evolved independently for at least 500 million years, a
structural analysis of the crayfish enzyme would
extend significantly our knowledge of the evolution
of trypsins beyond the vertebrate level and provide

a link to the homologous bacterial trypsins among
which that of Strepromyces griseus is the most thor-
oughly studied case [12]. The present communication
describes the amino-terminal sequence of crayfish
trypsin and its homologous relationship to those of
other biological species.

2. Materials and methods

Crayfish trypsin (A. leptodactylus) was prepared
as previously described [8]. The preparations con-
tained two similar forms which differed slightly in
electrophoretic mobility but showed no other differ-
ences in either composition or amino-terminal
sequence (vide infra). Sequence analysis was perform-
ed with the automatic Sequencer (Beckman, Model
890) after reduction and pyridyl ethylation of disulfide
bonds as described by Hermodson et al. [5].

3. Results and discussion

The sequence of the first 20 amino-terminal resi-
dues of crayfish trypsin is given in the top line of table
1 and compared to those of related serine proteases.

247



December 1975

FEBS LETTERS

Volume 60, number 2

'sax0q Aq pasO[ous oIt aseojoxd JULIds ISY10 dIouW 10 auo ul pue ursdAn ysijAero
UL SONpIsal PIOE OUTWE [BONUSPL AQ Pordnodo dIe YoTym suonisod [V '1X3] 31} 995 ‘$90UIRJAI 10,] "V uafoursd A1J0WAYD dUIA0q JO Jel) ST WalsAs Suoquinu oyf

usy BA noT noT ey | upy| dip | oig| sAD E AD
dry  ayd T BN BA | u| dip | oig ¢ naT | A
IAL | Ui | nol | 1§ off | U | IS | o1g| dip  Iag  usy
dsy | un | nog S| EBA | u | dip | oxf{ dip IS | A1D
PN Jeg naT 31y PBA BN dyd | 0id gl_ I K19
— usy 0oy | 1S | BA Iyl dip | oig| e[y eIV SIHH
- - nT | BS| PBA | UD| diL | 0] A IS SIH
— usy no | IsS | BA | u || AL || 03d| [BA Tyl usy
ggﬂ Ayd 18 | no7 | un || 1AL || o1d _|0HE|_ a a
S¢ 0¢ Y4

no
IEA
31y
014
D
Y|
SAT
BV
noy

B[y
no
uro)
EA
By
014
oid
AD
4L

sunrog Py 10108,
JUIOIOg ‘g UIqUIOIY],
UIDIOg ‘aselsery

of[ | euraog ‘y uisd AnjowAy)

SAD [ dsy | Srv | A1 AID || TBA || ol
ey L dsy | U | A1D | D | A || S0
oy | o |34l || Ao |[AD]) A | A
ey | N D | A[D] UV | [EA
Y | B [JWL | A || D || A | TPA
SAD np AL L AID || AID | BA || ol
sy nD  IAL [ AD || AD || BA || Sl
sAD IyL 1AL | AID 1| AID || TBA || 21
(erv|[dsv |[3un ]| 4o || 40 || ®A || o
0T 91

snosid 1S ‘utsd A1,
ysydo(] ‘ursdA1j,
ysyysun ‘g uisdArj,
sutaog ‘ursdAry,
ystjAeI) ‘uisdAly,

pSaseato1d aunias 1oylo pue usdAn) ysijAeIo Jo dduenbas [euILIS}-OUNLY

[ 9lgel

248



Volume 60, number 2

The long evolutionary distance between vertebrate
and invertebrate trypsins is reflected by the observa-
tion that chymotrypsin, elastase, and even the hepatic
proteases, thrombin and blood coagulation factor X,
are structurally no less related to crayfish trypsin than
are bovine and dogfish trypsin. Interestingly, the
highest degree of identity seems to exist between
crayfish and bacterial trypsin rather than between
bacterial and any of vertebrate trypsins. Crayfish and
S. griseus trypsin have 9 of the first 13 amino acid
residues in common and of the remaining 4 amino
acid substitutions, 3 can be accounted for by single
base changes. The highest degree of identity exists
between crayfish trypsin and bovine factor X,, 10 of
the first 20 residues occurring in identical positions.

Crayfish trypsin starts with the conservative
sequence Ile—Val—-Gly—Gly — common to most serine
proteases. However in the following region (position
20—27) there is no obvious similarity between
crayfish and the vertebrate trypsins but coinci-
dence with the remaining serine proteases is evident.
This is true of Thr-20 in bacterial trypsin and porcine
elastase, of Asp-21 which has been conserved only in
thrombin and factor X, and of position 22 which is
alanine in crayfish trypsin, bacterial trypsin, chymo-
trypsin, elastase and thrombin but half-cystine in
vertebrate trypsins. Positions 25—27 are identical only
in crayfish and bacterial trypsins indicative again of the
remoteness of the former from the vertebrate
trypsins. On the other hand, Pro-28, GIn-30 and Ser-
32 are common in crayfish trypsin and in most of the
other serine proteases included in this comparison.
Only position 33 is unique in crayfish trypsin which
contains phenylalanine instead of leucine in all other
serine proteases. The present findings are also of
interest in relation to the evolution of zymogens [13].
All attempts to detect in freshly collected secretions
of A. leptodactylus a zymogen form of trypsin have
failed [8] and the enzyme was fully active even in
freshly prepared homogenates of the tissue where it
is synthesized. It has been recently suggested that
zymogens have arisen by the addition of a peptide
segment to preexisting enzymes [13] and the present
observations are in accord with this hypothesis.
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