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SUMMARY: Uteroglobin, a progesterone induced, pregnancy related protein,
can be incorporated into higher molecular weight proteins by human placental
Factor XIIla. This process is time dependent, requires CaCl; and can be
inhibited by the addition of polylysine, dansylcadavarine or histamine.
Crosslinking of uteroglobin into higher molecular weight proteins can also
be brought about by guinea pig liver transglutaminase. Such a process may
be involved in the modification of epididymal spermatozoa to suppress their
antigenicity.

Uteroglobin (1) or blastokinin (2) is a progesterone induced, pregnancy
related protein synthesized by the rabbit endometrial cells. It is a smali
molecular weight protein (M.W. 15,000 daltons) with two identical subunits
joined together by two interchain disulfide bonds. In addition to the
pregnant rabbit uterus, uteroglobin has also been detected in the seminal
vesicle (3) and the lung (4). Evidence for a specific function for this
protein is fragmentary. It has the ability to bind steroids (5). Although
this protein was proposed to be necessary for the growth of the rabbit
embryo (6) a contradictory report has been published (7).

Transglutaminase is a Ca++ dependent enzyme (8) that can mediate the
crosslinking of proteins like HLA-A and -B (9), Bz-microglobulin (10),
fibrin (11) and collagen (12). Crosslinking of cell surface sites may be

involved in Ca++ mediated crosslinking of erythrocyte proteins (13)

Abbreviations: Factor XIIla, Factor XIII activated by thrombin; BSA, Bovine
Serum ATbumin; MDC, Mono Dansylcadavarine; PBS, Phosphate Buffered Saline;
SDS, Sodium Dodecyl Sulfate; PMSF, Phenyl Methyl Sulfonyl Flouride; EDTA,
Ethylene Diamine Tetra Acetate; DTT, Dithiothreitol; UTG, Uteroglobin; TCA,
Trichloroacetic acid.

0006-291X/84 $1.50

Copyright © 1984 by Academic Press, Inc.
All rights of reproduction in any form reserved.

400



Vol. 121, No. 1, 1984 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

lymphocyte activation (14), and receptor mediated endocytosis (15).

Evidence has been presented which suggests the involvement of at Teast two
factors, uterogiobin and transglutaminase (coagulation factor XIIla;
R-glutaminyl-peptide: amine y-glutamyltransferase, EC 2.3.2.13) in masking
in vitro the antigenicity of embryonic cells (16) as well as epididymal
spermatozoa (17). The uterus contains an enzyme which is apparently
identical to the placental enzyme (18). Hence the present work was
undertaken to delineate whether uteroglobin could participate in a placental
Factor XIIla catalysed covalent attachment to other proteins or cellular

surface sites.

Materials and Methods:

(a) Proteins and inhibitors: Enriched human placental, Factor XIII
was a gift from Dr. I. V. Brock of Berhrinwerke, Marburg, Germany. The
lyo?h1lised Factor XIII was dissolved in PBS and the activity as measured

4c-amine incorporation into casein (19) was adjusted to 5 units/ml.
The enzyme was stabilised by the addition of BSA. Guinea pig liver
transglutaminase was purified according to Connellan et al. (20). The
purified protein had a specific activity of 23 units/mg protein as assayed
by hydroxyamate formation with benzyloxy carbonyl (2) L-glutaminy}
glycine. Uteroglobin was purified from pregnant rabbit uterine flushings
according to Nieto et al. (1) with modifications (16). Antibody to
uteroglobin used during purification of this protein is a generous gift
from Dr. David Bullock of Baylor College of Medicine, Houston, Texas. The
purified protein gave a single band when e]ectrophoresed in 15% urea SDS
gels according to Swank and Munkres (21}. Purified samples (10 ug) of
uteroglobin were iodinated by a modified chloramine-T methed {22). MDC,
polylysine (mol. wt. 90,000) and histamine were obtained from Sigma
Chemical Co., St. Louis, Mo. Sperm were isolated from rabbit epididymis
by squeezing them into PBS and spun down at 800 X g for 10 mins. They
were washed twice with PBS containing PMSF (0.1mM) before being
resuspended in the same solution.

(b) Crosslinking of uteroglobin by transglutaminase: The reaction
mixture consisted of 30mM Tris-HCT buffer pH 7.2, TmM EDTA, 10mM CaCly,
3.8mM DTT, 1 x 106 cpm of iodinated uteroglobin, various amounts of cold
uterog]ob1n and transglutaminase in a total volume of 100 u1. When
placental factor XIII was used, the reaction mixture contained, in
addition to all the above mentioned components, 2.5 units of thrombin.
Incubating at 370C for 1 hr, 30 ul aliquots of the mixture were removed
and mixed with SDS sample buffer. The samples were heated at 90°C for
2 minutes and electrophoresed on 10% SDS polyacrylamide slab gels
according to Laemmli (23). Following electrophoresis the gels were fixed
in 10% TCA, washed with water and autoradiographed after wrapping the wet
gel in Saran wrap. Exposure was carried out for 12 to 18 hours in Kodak
X-Omat cassettes using Kodak X-Omat [XAR-5] film. Gels were also stained
with Coomassie Blue R250 and destained for direct visualization of the
protein bands. Iodoacetamide inactivation was carried out in 0.1 M Tris
HC1 buffer pH 7.5 with 1.2 nmoles of guinea pig liver transglutaminase, 12
nmoles of jodoacetamide and Tumole CaClo. The mixture was incubated at
379C for 1 hr and the inactivation stopped by adding an excess of DTT.
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Results

Figure 1 demonstrates the action of human placental Factor XIII on
[]251] uterogiobin. Incubation of uterogiobin with 0.05 units placental
Factor XIIla results in incorporation of []ZSI] uteroglobin into higher
molecular weight proteins (Fig. 1B). These proteins appear to have
molecular weights higher than 95,000 and do not enter the resolving gel

(Fig. 1A). Omission of CaC]2 from the reaction mixture abolished this

Polymer
STACKING
GEL
Fig. 1A. Crosslinking of uteroglobin by human placental Factor XIII.

15 ug of uteroglobin was incubated with 0,7 unit of Factor XIIla
at 370C for 1 hr. The reaction was done as given in
"Materials and Methods". Proteins were separated on_10% SDS
polyacrylamide gels and autoradiographed. Lane 1: [125]]
uteroglobin alone; Lane 2: Uteroglobin incubated without enzyme.
Lane 3: Uteroglobin and enzyme in complete reaction mixture.
Lane 4: Uteroglobin incubated with enzyme in the absence of
DTT. Lane 5: Uteroglobin incubated with enzyme in the absence
of Cally.

1B. Crosslinking was done as given in "Materials and Methods".
150 ug of uteroglobin was incubated for 1 hr at 379C with 0.05
unit (tracing 1), 0.1 unit (tracing 2) and 0.2 units (tracing 3)
human placental Factor XIIIa. Proteins electrophoresed in the
absence of stacking gels were autoradiographed and the exposed
film was scanned densitometrically. Tracing 4 shows polymer
formation at 18 hrs of incubation with 0.1 units., The free
uterogiobin peak has not been shown.
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conversion. The process was time dependent and incubation with increasing
concentrations of the placental enzyme leads to formation of increasing
amounts of high molecular weight proteins (Fig. 1B). Uteroglobin when
incubated alone did not result in any conversion. Incubation of []251]
myoglobin with Factor XIIIa alone also did not result in any conversion
(Fig. 4B).

Transglutaminase catalyses a ca™t dependent acyl transfer reaction in
which the y -carboxamide groups of peptide bound glutamine residues are the
acyl donors. Primary amino groups in a variety of compounds may act as the
acyl acceptors. [3H] putrescine and MDC were used to examine the
substrate properties (acyl donor or acceptor) of uteroglobin. No
incorporation of either radioactivity or fluorescent MDC into uteroglobin
was observed even at excess concentration of amines. However, other primary
amine containing compounds like polylysine (10 ¥M), histamine (0.6 mM) and
MDC (0.5mM) caused inhibition of uteroglobin conversion into higher
molecular weight proteins (Fig. 2) These results suggest that uteroglobin
interacts with Factor XIIIa as an acyl acceptor substrate. It is likely
that uteroglobin is incorporated preferentially into self polymerised Factor
XIIIa, thus not entering the resolving gel.

Incubation of uteroglobin with another class of transglutaminase present
in the epithelial cells of uterine endometrium (24) also results in

125

incorporation of [ I] uteroglobin into high molecular weight proteins

(Fig. 3). Incubation of uteroglobin with iodoacetamide-inactivated
transglutaminase abolished the reaction completely (data not shown).

In order to test the possible involvement of uterogicbin in the covalent
modification (attachment) of cellular protein, rabbit epididymal spermatozoa
were employed as acyl donors. Using indirect immunofluorescent techniques
it has been recently demonstrated that uteroglobin in the prostatic fluid
and transglutaminase may interact on the sperm surface bringing about
suppression of the antigenicity of spermatozoa (17). Incubation of rabbit

epididymal sperm with Factor XIIla in presence of []251] uteroglobin but
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Fig. 2. Inhibition of human placental Factor XIII mediated cross linking
of uterogliobin. Crosslinking was done as given in "Materials
and Methods" for 1 nhr at 370C with 10 vg uteroglobin alone
(lane 5), with 10 ug uteroglobin and 0.3 units placental Factor
XII1 (Vane 4) 10 ug uteroglobin and 0.3 units placental Factor
XII1 in the presence of 52 nmoles dansylcadavarine (lane 1),

60 nmoles histamine (lane 2) or 1 nmole polylysine {(lane 3).
Unincub;ted labelled uteroglobin was also electrophoresed
(lane 6).

not []251] myoglobin (Fig. 4) resulted in the appearance of []251] label
at higher molecular weight regions. The pattern was different from that
seen when Factor XIIla and uteroglobin alone were incubated (Fig. 1). This
is 1ikely to be due to the generation of acyl donors by the surface protein
interaction with Factor XIIla which were then transferred to uteroglobin

acyl acceptor sites.

Discussion:

The relative abundance of lysine residues in uteroglobin indicates that
this protein may indeed be crosslinked by transglutaminase. It is
interesting that incubation with Factor XIIIa or the liver enzyme resulted
in the incorporation of []251] uteroglobin predominantly into high

molecular weight proteins. This could be due to uteroglobin molecules
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Time course of crosslinking between uteroglobin and guinea pig
liver transglutaminase. Crosslinking was performed as given in
"Materials and Methods" with 0.8 units enzyme and 13ug
uteroglobin for different periods of time as indicated below
each tracing. Proteins were separated on a 10% SDS
polyacrylamide gel and autoradiographed. A laser densitometric
scan of the exposed X-ray film was taken.

Guinea pig liver transglutaminase catalyzed crosslinking of
uteroglobin. 0.8 units of guinea pig liver transglutaminase was
incubated with 13y g uteroglobin at 370C for 1 hr.

Crosslinking was performed essentially as given in "Materials
and Methods". Proteins were separated on 10% SDS polyacrylamide
slab gels and autoradiographed. Lane 1: Uteroglobin incubated
without enzyme. Lane 2: Uteroglobin incubated with enzyme in
the absence of CaClz. Lane 3: Uteroglobin and enzyme

incubated in the presence of CaCly but in the absence of DTT.
Lane 4: Uteroglobin and enzyme incubated in the complete
reaction mixture. The position of the standard molecular weight
markers as visualized by Coomasie blue staining are indicated on
the right in daltons.

serving as acyl acceptors of self polymerised Factor XIIla and not the

result of self polymerisation of uteroglobin., Factor XIIIa is known to

polymerise in the presence of ca** (25), as observed by Coomassie Blue

staining. The incorporation of MDC and [3H] putrescine into Factor XIIla

also supports this interpretation (data not shown). The fact that

uteroglobin could not be labelled with [3H] putrescine or MDC suggests
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Fig. 4A. Crosslinking of uteroglobin with sperm by human placental Factor
XIII. 500 g sperm protein was incubated with 15ug []251]
uteroglobin in the complete reaction mixture (1 ml) containing
0.2 units (lane 2), 0.1 unit (lane 3) or no placental Factor
XIII (lane 4) for 1 hr at 379C. The sperm were spun down at
800 X g for 10 mins, washed twice with PBS and dissolved in
250 1 SDS sampie buffer. Equal aliguots of this were
electrophoresed and autoradiographed as given in "Materials and
Methods". The sperms were incubated with [125]] uteroglobin
in buffer for 10 mins before being added to the enzyme also
preincubated for 10 mins in the complete reaction mixture.
Unincubated uteroglobin was also run (lane 1),

48. Absence of crosslinking of myoglobin with sperm by human
placental Factor XIII. <Crosslinking was done as given above by
incubating Factor XIII (0.1 unit) for 1 hr at 379C with 10 ¢
(12517 myoglobin alane (lane 2} or with 10 ug [1251]
myoglobin and 500 wg sperm protein,

that the substrate sites are on uteroglobin lysine residues, not glutamine.
Inhibition by polylysine (Fig. 3) supports this observation.

Crosslinking through acyl acceptor involving lysine peptide residues is
a unique physiologically regulated process. Fibrina-chain is also an acyl
acceptor for fibronectin (26, 27) and az-plasmin inhibitor (28, 29). The
fact that HLA-A and B (9) were shown to be acyl donors for transglutaminase
and the present finding of covalent attachment of uteroglobin to epididymal
cell surface protein is an indication that other cellular proteins could

participate in this reaction. We suggest that transglutaminase catalysed
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modification of uteroglobin or homologous proteins (30) in mammalian species

other than rabbit, may be involved in suppressing the immunogenicity of male

gametes reported earlier (17).

References

1.

w Ny
v .

= WO oO~NOO P
« e v e e

13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
25.

26.
27.

28.
29.

30.

Nieto, A., Ponstingl, H. and Beato, M. (1977) Arch. Biochen.
Biophys. 180, 82-92.

Krishnan, R.S. and Daniel, J.C., Jr. (1967) Science 158, 490-492.
Beier, H.M., Bohn, H. and Muller, W. (1975) Cell Tiss. Res. 165,
1-11.

Beato, M. and Beier, H.M. (1978) J. Reprod. Fert. 53, 305-314.
Beato, M. (1976) J. Ster. Biochem. 7, 327-334. ;
E1-Banna, A.A. and Daniel, J.C. (1972) Fertil. Steril. 23, 105-114.
Maurer, R.R. and Beier, H.M, (1976) J. Reprod. Fertil. 48, 33-41.
Folk, J.E. and Chung, S.I. (1973) Adv. Enzymol. 38, 109-91.

Pober, J.S. and Strominger, J.L. (1981} J. Cell. Biol. 89, 819-821.
Fesus, L., Falus, A., Erdei, A. and Laki, K. {1981) J. Cell. Biol,
89, 706-710.

Folk, J.E. (1980) Ann. Rev. Biochem. 49, 517-531.

Mosher, D.F., Schad, P.E. and Klienmann, H.K. (1979) J. Clin.
Invest. 64, 781-787.

Lorand, L., Wiessmann, L.B., Epel, DB.L. and Bruner-lorand, J.
(1976) Proc. Natl. Acad. Sci. U.S.A. 73, 4479-4481.

Novogrodsky, A., Quittner, S., Rubin, A.L., and Stenzel, K.H.
(1978) Proc. Natl. Acad. Sci. U.S.A. 75, 1157-1161.

Davies, P.J.A., Davies, D.R., Levitzki, A., Maxfield, F.R., Milnaud,
P., Willingham, M.C. and Pastan, I.H. (1980) Nature 283, 162-167.
Mukherjee, A.B., Ulane, R.E. and Agrawal, A.K. (1982} Amer. J.
Reprod. Immunol. 2, 135-141.

Mukherjee, D.C., Agrawal, A.K., Manjunath, R. and Mukherjee, A.B.
(1982) Science 219, 989.

Chung, S.I. (1975) in “"Isozymes" (Market, C.L. eds.) Vol. I.

pp. 259-274, Academic Press, New York.

Chung, S.I. and Folk, J.E. (1972) Proc. Natl. Acad. Sci. U.S.A.
69, 303-307.

Connellan, J.M., Chung, S.I., Whetzel, N.K., Bradley, L.M. and Folk,
J.E. (1971) J. Biol. Chem. 246, 1093-1098.

Swank, R.T. and Munkres, K.D. (1971) Anal. Biochem. 39, 462-477.
Hunter, W.M. and Greenwood, F.C. (1962) Nature (London) 194,
495-496.

Laemmli, U.K. {1970) Nature 227, 680-685.

Sun, H.S., Gladner, J.A., Coon, H.C. and Chung, S.I. (17980) Fed.
Proc. 39, 1028.

Takagi, T. and Doolittle, R.F. (1973) Biochem. Biophys. Res.
Commun. 51, 186«191.

Mosher, D. (1975) J. Biol. Chem. 250, 6614-6621.

Fretto, L.J. and McKee, P.A. (1978) J. Biol. Chem. 253,
6614-6622.

Tamaki, T. and Aoki, N. (1982) J. Biol. Chem. 257, 14767-14772.
Carmassi, F. and Chung, S.I. (1983} Proceedings of 6th
International Congress of Fibrinolysis 281-285.

Baker, M. (1983) Biochem. Biophys. Res. Commun. 114, 325-330.

407



