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SUMMARY

High activities of certain proteinases were previously found

at implantation sites in the tammar wallaby (Macropus eugenii,
Macropodidae) (Denker and Tyndale Biscoe, in press). Since

an important role of proteinases in embryo implantation ini-
tiation has been established for eutherian mammals, classifi-
cation of the marsupial enzymes is of interest in the context
of hypotheses on evolution of viviparity in mammals. In this
investigation, a series of proteinase inhibitors of known spe-
cificity is used as probes for classification of tammar wallaby

proteinases.

The proteinase present at the interface between the trophoblast
of the bilaminar yolk sac and the uterine epithelium (only
around day 19, i.e. implantation initiation) is characterized

as an unusual alkaline thiol (SH) proteinase. It is strongly
inhibited by E-64, antipain, leupeptin, chymostatin, elastatinal,
Z—-Phe-—Ala—CHN2 and iodoacetamide, but not by typical serine

or metal proteinase inhibitors. This is of particular interest
since this enzyme has many other features in common with
blastolemmase, the alkaline proteinase which was previously
found to play a key role in the initiation of embryo implanta-

tion in the rabbit, and which is a serine enzyme, showing a

clearly different spectrum of inhibition.

On the other hand, the alkaline proteinase found in tammar
wallaby stroma cells (mainly in the myometrium) is classified
as a serine enzyme. The predominant acid proteinase activity

found in this material (in the bilaminar yolk sac wall, endo-



metrial stroma cells) was more difficult to classify since
inhibitor effects were much less pronounced in this case. It
appears possible that several different enzymes contribute to
gelatinolysis at these sites, and /or that activation of a
latent form of enzyme by another proteinase may play a signi-
ficant role here. While unequivocal identification of these
proteinases as well as of their possible interaction would
depend on biochemical isolation, the main acid proteinase acti-

vity seems to be due to an intracellular thiol enzyme.

Possible functional roles of the described enzymes are dis-
cussed in the context of findings about eutherian implanta-
tion-associated proteinases. Of particular interest is the
alkaline proteinase present at the interface between t;oPho-
blast and uterine epithelium in the tammar wallaby. Striking
analogies between this enzyme and the eutherian counterpart,
rabbit blastolemmase, include location and time of appearance
and disappearance (i.e. association with implantation initia-
tion) and may suggest partially comparable functions. How-
ever, completely different enzymic properties (different
catalytic class) seem to exclude any homology, and suggest
that convergent evolution has occurred. This is considered
an argument, on the molecular level, for independent evolu-
tion of viviparity in the two groups of mammals, the marsupials

and the eutherians.
KEY WORDS:

Nidation -~ proteinases - development, phylogenetic -

cytochemistry = Marsupialia



INTRODUCT1ION

Considerably elevated proteinase activity is found at implan-
tation sites in the marsupial, Macropus eugenii, as shown in

a previous communication (Denker and Tyndale-Biscoe, in

press ). Using a histochemical gelatin substrate film test,
main proteinase activity was localized in the yolk sac wall,
at the interface between trophoblast and uterine epithelium,
in endometrial crypt cells and in endometrial and myometrial
stroma cells. On the basis of pH dependence, this activity
appears to belong to two distinct classes of enzymes, a pro-
teinase(s) with pH optimum in the acid range (localized in
the yolk sac wall with maximum activity in the bilaminar

yolk sac wall, BYS, at the basis of endometrial crypts and

in endometrial stroma cells) and another type of proteinase(s)
with pH optimum in the alkaline range (found at the interface
between trophoblast and uterine epithelium around day 19, and

in stroma cells predominantly of the myometrium).

Acid proteinase activity (cathepsin type) is elevated at im-
plantation sites also in certain eutherian mammals (see DIS-
CUSSION). Of particular interest is an alkaline proteinase
which appears to play a central role in the process of implan-
tation initiation in the rabbit. As shown in in vivo inhibi-
tor experiments, it is essential for disolution of the extra-
cellular blastocyst coverings, a prerequisite for trophoblast
attachment to the uterine epithelium (Denker, 1977a).

In the tammar wallaby, an alkaline proteinase is found at a

somewhat comparable extracellular site, i.e. at the interface



between trophoblast and uterine epithelium in the BYS region
(abembryonic pole) where it is active for only about 1 day.
During the same period of time, the processes of removal of
extracellular embryo coverings and contact formation between
trophoblast and uterine epithelium are going on in this re-
gion, although in the TYS region (embryonic pole) this contact

is formed without comparable proteinase activity ever appearing.

In the ?resent communication, a preliminary classification of
the marsupial enzymes is attempted. A series of proteinase
inhibitors of known specificity is used as probes as it has
been done before in the rabbit (Denker, 1976, 1977a). As will
be shown, evidence suggests that the predominant alkaline pro-—
teinase of the marsupial, although its location and time of
appearance are analogous to the situation in the rabbit, does
not belong to the same class as the Eutherian enzyme but must
have evolved independently. Functional aspects will have to be

discussed in the context of these phylogenetic considerations.

MATERIALS AND METHODS

Conceptus-containing uteri were obtained from tammar wallabies
(Macropus eugenii) and were processed for cryostat sectioning
as described previously (Denker and Tyndale-Biscoe, in press.
Stages around the time when extracellular embryo coverings
(shell membrane) disappear and contact is established between
trophoblast and uterine epithelium, i.e. stages between day 17
and 20 after removal of pouch young (RPY), were selected for

the present study from the material described in the previous



communication (Denker and Tyndale-Biscoe, in press , focussing
on day 19 RPY when alkaline proteinase activity as well as

maximal acid proteinase activity are found.

The highly sensitive variant of the gelatin substrate film
test (Denker, 1974) was used for localization of proteinases.
For the identification of different classes of proteinases,
inhibitors of known specificity were employed according to
the guidelines given previously (Denker, 1977b). In brief,
one half of the slide with the gelatin film was soaked with
inhibitor solution, while the other half was treated only
with buffer (and, ir case of water-insoluble inhibitors,
with the solvent alone). Native cryostat sections taken from
conceptus~containing uteri were mounted on these films and
were incubated in moist chambers at 37°C for 105 min., fixed

and stained as described before (Denker, 1974, 1977b).

Chemicals:

Proteinase inhibitors: antipain: art.-no. BAY £ 7412 provided

by Dr. W. Wirgender, Bayer AG Elberfeld, or Protein Research
Foundatiocn (Peptide Institute, Inc.), Csaka, Japan, No. 4062;
aprotinin (Trasylola): Bayer AG Elberfeld (6600 KIU/mg); chymo-
statin: Protein Research Foundation, Osaka, Japan, No. 4063,

or Sigma No. C 7268; DL-dithiothreitol: Sigma No. D 0632;

E-64: Cambridge Research Biochemicals No. 16525; EDTA (ethylene-
diaminetetraacetic acid, discdium salt; Titriplex III): E. Merck,
Darmstadt, No. 8418; elastatinal: Protein Research Foundation,
Osaka, Japan, No. 4064; iodoacetamide: Serwva, Heidelberg, No.

26710; leupeptin: Protein Research Foundation, Osaka, Japan,



No. 4041, or Bachem AG, Bubendorf, Switzerland, No. 9355;

phosphoramidon: Protein Research Foundation, Osaka, Japan, No.
4082; SBTI (soybean trypsin inhibitor): E. Merck AG, Darmstadt,
No. 24020, or Serva, Heidelberg, No. 37329, or Worthington No.

LSOO 03570; Z-Phe-Ala-CHN., (Z-phenylalanyl-alanyl-diazomethyl

2
ketone): Enzyme Systems Products, Livermore, CA, No. DK-3;
Z~Phe—Phe—CHN2 (Z-phenylalanyl-phenylalanyl-diazomethyl ketone) :
dto., No. DK-2.

Gelaztin: E. Merck AG, Darmstadt, No. 4070.

RESULTS

The results of the inhibitor experiments are summarized in
Tab. 1. Ths main proteinases that are demonstrable with the
gelatin substrate film test at various histological sites show
a characteristic anc d:ifferent pattern of interaction with the

used series of inhibitors.

The alkaline proteinase present around day 19 RPY at the inter-
face between trophoblast and uterine epithelium in the BYS re-
gion (cf. the previcus communication, Denker and Tyndale-Biscoe,
in press ) ig strongly inhibited by the microbial inhibitors
antipain, leupeptin. chymostatin, elastatinal and E-64, by the

synthetic inhibitor Z-Fhe-ARla-CHN, and by the SH reagent iodo-

2
acetamide. The metalloproteinase irnhibitor phosphoramidon is
withcut any effect, and the combination of the chelating agent
EDTA plus the SH protecting compound dithiothreitol shows
either no effect con the enzyme activity or slight activation.
The serine proteinase inhibitors, aprotinin and SBTI, like-

i

wise remain without any clear-cut effect on this enzyqs;ﬂj




The alkaline proteinase activity present in stroma cells
(predominantly in the myometrium), although likewise strongly

inhibited by the microbial inhibitors antipain, leupeptin and

chymostatin, differs distinctly from the former by not being
affected by E-64 and by suffering only weak and varying inhi-
bition by iodoacetamide; only questionable effects of Z-Phe-

Ala-CHN no activation by EDTA + dithiothreitol and slight

97
although varying inhibition by aprotinin were observed.

The acid proteinase(s) predominantly present at the BYS wall,

at endometrial crypts and endometrial stroma cells shows again

a different spectrum of interactions with inhibitors, but re-
latively similar at all 3 histological sites. There is weak
inhibition by the microbial inhibitors antipain, leupeptin,
chymostatin and elastatinal, strong inhibition by iodoacetamide
and mostly strong activation by EDTA + dithiothreitol. No effect
is observed with the thiol proteinase inhibitor E-64 (except

for questionable effects at the BYS wall), and also no inhibi-
tion by the serine proteinase inhibitors aprotinin and SBTI.
Inhibition by the diazomethyl ketones Z~Phe-Phe—CHN2 and Z-Phe-
Ala—CHN2 is weak at the best. Slight differences in reactivity
with the inhibitors were noted between the 3 histological sites,
however: Effects of the microbial inhibitors are generally more
clear-cut at the BYS wall than at the two other sites, which
holds also true for the diazomethyl ketones (although the re-
sults are more varyable here). The activation by EDTA + dithio-
threitol is most pronounced at the BYS wall and in endometrial

stroma cells, but more varyable at endometrial crypts.



DISCUSSION

Classification of tammar wallaby proteinases

Proteinases can be assigned to the various catalytic classes,
i.e. serine, thiol, carboxyl, and metalloendopeptidases, on
the basis of their pH dependency and their interactions with
specific proteinase inhibitors, as summarized in Table 2.
There is some overlap in the specificities of certain of the
inhibitors, however, e.g. the microbial inhibitors antipain,
leupeptin and chymostatin are active against certain serine
as well as thiol proteinases. It is advisable, therefore, to
use more than one inhibitor for each class (as done here)
which, in addition, offers the possibility to attempt a cer-
tain degree of sub-classification at the same time. In a
histochemical study like the one presented here, emphasis has
to be put on qualitative effects of the various inhibitors
but not on the concentrations used, since the latter are some-
what misleading: For technical reasons, the gelatin substrate
films must be impregnated with a relatively concentrated in-
hibitor solution (as indicated in Tab. 1), while the actual
concentration as present during the test is much lower but

cannot be determined accurately (Denker 1977b).
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The gelatinolytic proteinases found at tammar wallaby implan-
tation sites can be classified on this basis preliminarily
when the results summarized in Table 1 are compared with

Table 2. The alkaline proteinase present on day 19 RPY at the




BYS-endometrial interface is clearly classified as a thiol (SH)

proteinase. The strongest argument for this conclusion is the
clear-cut inhibition by E-64 and the diazomethyl ketones (Z-Phe-

Ala-CHN, being more inhibitory here than Z-Phe-Phe-CHN,) both

2
of which are reported to be highly specific for thiol proteinases
(Hanada et al. 1978, 1983; Green and Shaw 1981; Shaw and Green
1981). An additional argument for this is the inhibition by the
microbial inhibitors antipain, leupeptin, and chymostatin, as
well as by iodoacetamide, although the specificity of these in-
hibitors is less restricted (the three microbial inhibitors

being active also against certain serine proteinases). There is
no argument for classification of this marsupial enzyme as a
serine proteinase, on the other hand, since there are no clear-
cut effects of aprotinin (Trasylol) and SBTI. The proteinase

does certainly not fall into any of the remaining two classes

of proteinases, carboxyl and metalloendopeptidases, since there
is no inhibition by phosphoramidon and also no inhibition but
activation by EDTA + dithiothreitol. The strong inhibitory

effect of elastatinal may appear to contradict literature if

this enzyme is indeed a thiol proteinase, since this microbial
inhibitor has been reported to be highly specific for pancreatic
elastase which is a serine enzyme (Umezawa and Aoyagi 1977,
1983) . However, all the inhibitors with aldehyde groups (including
elastatinal) do inhibit thiol enzymes (Fritz, personal communi-
cation). We conclude, therefore, that the alkaline proteinase
active at the BYS-endometrial interface in the tammar wallaby

around day 19 RPY is a so far unknown alkaline thiol (SH)

proteinase.



