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Abstract

Hormonal regulation of a major 20 kDa protein of hamster exorbital lacrimal gland (LG) was studied by SDS-PAGE pro®le
analysis and the puri®ed protein's antisera was used to screen tissues of hamster and other species for crossreacting proteins.

This protein was seen in female LG but not in males and late-pregnant or hCG-treated females. Low estrogen state in females
after gonadectomy, prolonged light-deprivation, prolonged starvation or lactation increased its level several folds to 020% of
LG soluble proteins and similar levels were induced in males after gonadectomy (low androgen state). However, light-
deprivation or melatonin treatment-induced low androgen state in males had no e�ect. In gonadectomized hamsters, this LG

protein was obliterated on treatment with androgens, estrogens or thyroid hormones. Only estrogen inhibition of LG 20 kDa
was prevented by simultaneous tamoxifen administration. Simultaneous treatment of gonadectomized hamsters with
gonadotrophins and estrogen/androgen did not prevent the LG 20 kDa protein's inhibition. Relative potencies of estrogens (3.6

mg daily dose) were: estradiol-17b2diethylstilbestrol > estrone > estradiol-17a, while estriol and chlorotrianisene had no e�ect.
Dexamethasone, progesterone, prolactin, hypothyroid state or adrenalectomy had no e�ect on LG 20 kDa expression. Western
blot studies con®rmed the marked repression of LG 20 kDa by estrogen androgen and thyroid hormone and detected the

protein in tears of females and gonadectomized hamsters but not in males. Interestingly, among other tissues tested,
crossreaction was only seen with the estrogen-repressed 24 and 20.5 kDa major male-speci®c secretory proteins of hamster
submandibular glands (SMG) which were previously reported by us. This strongly indicated that the LG and SMG proteins are

products of the same or closely related genes. A possible role for these hamster sex-speci®c LG and SMG major secretory
proteins in olfactory communication is suggested. # 1999 Elsevier Science Ltd. All rights reserved.

1. Introduction

We had reported the presence of a female-speci®c 20
kDa protein in hamster exorbital lacrimal gland (LG)
[1]. Upon gonadectomy, females showed an increase in
the levels of this protein and males showed a massive
induction to gonadectomized female levels (020% of
soluble proteins). This protein was repressed by testos-
terone and estradiol and was possibly secretory [1].

In hamsters, extremely low sex hormone levels pre-

vail during lactation [2,3] and starvation [4] in females
and also after light-deprivation or melatonin treatment
in both sexes [5±10] while estrogen levels are high
during pregnancy [2,3]. If indeed, LG 20 kDa is regu-
lated by estrogens and androgens, then the above
states should a�ect its expression. Moreover, prolactin,
thyroid hormones and gonadotrophins might also
a�ect LG 20 kDa expression since they have known
e�ects on another lacrimal gland of hamster, the
Harderian gland (HG), where they regulate porphyrin
biosynthesis [8,10±16]. Interestingly, regulation of por-
phyrin biosynthesis in HG has some similarities with
that of LG 20 kDa. Porphyrin biosynthesis in HG is
also female-speci®c and is massively induced in males
after gonadectomy, this being also prevented by andro-
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gen treatment [8,10±16]. Additionally, light-deprivation
or bromocriptine (prolactin release inhibitor) treatment
prevents induction of HG porphyrin biosynthesis in
gonadectomized males [8,10±16]. These treatments
might also a�ect LG 20 kDa induction in gonadecto-
mized males.

To obtain clues to the function of LG 20 kDa, it
needs con®rmation whether it is indeed secretory and
whether a similar protein is present in other hamster
tissues or in lacrimal glands of other species. In this
context, we reported that hamster submandibular sali-
vary gland (SMG) expresses male-speci®c 24 and 20.5
kDa secretory proteins, constituting 040% of soluble
proteins, which also show sex-hormonal repression
[17]. However, any relationship between the LG and
SMG proteins has not been investigated.

We reinvestigated here the expression of LG 20 kDa
in di�erent hormonal states/treatments. Since, e�ect of
estrogens on lacrimal gland and presence of estrogen
receptor in this tissue have not been detected in other
species [1,18±25], we checked the inhibition of hamster
LG 20 kDa by di�erent estrogens and tested whether
tamoxifen (an estrogen receptor antagonist) could pre-
vent the estrogenic inhibition. Immunoblots using puri-
®ed LG 20 kDa protein's antisera was used to con®rm
its expression pattern, presence in tears and search for
crossreacting proteins in hamster SMG and other tis-
sues.

2. Materials and methods

Tamoxifen, bromocriptine mesylate, methimazole, a-
methylmannoside, chlorotrianisene and all hormones
used were from Sigma (St. Louis, MO). Concanavalin
A-Sepharose and protein A were from Pharmacia.
Unless otherwise stated, Syrian (golden) hamsters (4±6
per cage) were maintained in 13:11 light:dark cycle
(lights o� at 1800 h) with food and water given ad libi-
tum. All treatments were done on groups of hamsters
(n = 4±6) with appropriate controls. Experiments were
repeated twice and representative results are shown.
Starved females (without food) and fed controls were
housed individually. Light deprivation was started at
060 day age by maintenance in a ventilated dark
room or by blinding [14] and such hamsters with or
without gonadectomy (in case of males) were killed at
di�erent times (see Results) with appropriate controls.
Equine leutenizing hormone (LH) porcine follicle sti-
mulating hormone (FSH), human chorionic gonado-
trophin (hCG), sheep prolactin, thyroxine (T4),
triodothyronine (T3) and melatonin were injected in
saline. Steroidal hormones and nonsteroidal estrogens
were dissolved in corn oil. Bromocriptine was sus-
pended in corn oil [11]. Tamoxifen was dissolved in
propylene glycol. Above compounds (doses in Results)
were injected daily (0.15 ml; sc) between 1000 and
1100 h except for melatonin which was injected at

Fig. 1. Hormonal regulation of hamster LG 20 kDa major protein. SDS-PAGE pro®les of LG extracts of intact ({/|), gonadectomized ( / ), 15

day lactating (LACT), 14 day pregnant (PREG) and constant darkness maintained (CD) hamsters with or without indicated

additional treatments (+) with estradiol (E2), bromocriptine (BRC), dihydrotestosterone (DHT), diethylstilbestrol (DES), testosterone (TES),

progesterone (PROG), dexamethasone (DEXA), T4, FSH and LH are shown in lanes 1±21 and lanes 22 and 23 are pro®les of pooled tears. All

gonadectomy indicated as and were for 45 days. In lane 1, CD treatment was for 105 days with a brief interruption for gonadectomy (CAS)

after 75 days CD; in lane 2, CD was for 105 days; in lane 3, simultaneous CD and gonadectomy were done for 45 days; in lane 20, CD was for

70 days. See Results and Methods for other details of treatments.
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1600 h [6]. Initial studies showed no e�ect of the
above vehicles on LG 20 kDa expression, so untreated
controls were not vehicle injected. Bilateral gonadect-
omy, blinding and adrenalectomy were done under
ether anesthesia. Except for ablation of regressed testes
(gonadectomy) of 75 day light-deprived males (0135
day old), all surgeries were done on 060 day old ham-
sters. Intact controls (if required) were left unoperated
and killed along with treated (see below) or untreated
operated hamsters. Treatments of 30 day gonadecto-
mized hamsters with estrogens, androgens, progester-
one, dexamethasone, T3, T4, tamoxifen, LH, FSH and
hCG (separately or in combination as described in
Results) were given for 15 days (20 days for prolactin)
and then killed with appropriate untreated controls.
Treatment of 090 day old intact hamsters with hCG
or tamoxifen was given for 15 days while prolactin
was given for 20 days and then they were killed with
untreated controls. In some experiments, 060 day old
hamsters were either gonadectomized or kept unoper-
ated and they were injected from the day after surgery
with bromocriptine for 45 days and then killed with
appropriate controls.

From each hamster a pair of LG were carefully
excised and weighed. Extracts (2.5% w/v) were pre-
pared [1] by homogenizing in 20 mM potassium phos-
phate bu�er (pH 8.0) and centrifuging at 28000 � g
for 30 min at 48C. Supernatants (140 ml) containing
0600 mg protein were run in SDS-PAGE (10%) [26].
Gels were stained with 0.25% coomassie blue and were
scanned using laser densitometer if required. Pooled
tears were collected [22] and HG free porphyrins
measured [8] as described earlier. Antisera against elec-
troeluted pure LG 20 kDa was raised in rabbit.
Western blots of LG extracts, other tissues and pooled
tears were done as described earlier [27] using diluted
antisera (1:100) and 125I-protein A.

3. Results

Representative SDS-PAGE pro®les of LG from
hamsters in di�erent hormonal states are shown in
Fig. 1. Descriptions below focus only on 20 kDa pro-
tein. Protein at 20 kDa was present in females (lane 9)
but was undetectable in males (lane 8). Males gonad-
ectomized for 45 days showed a massive induction of
LG 20 kDa (lane 7). Females gonadectomized for 45
days showed a several fold increase in LG 20 kDa
(lane 10). In both sexes, post-gonadectomy levels of
LG 20 kDa were similar (020% of soluble proteins)
and at steady state [1]. Treatment of 30 day gonad-
ectomized females with 5 mg diethylstilbestrol (lane
11), 50 mg testosterone (lane 12) or 60 mg T4 (lane 13)
for 15 days almost obliterated the LG 20 kDa while
100 mg of progesterone or dexamethasone had no

e�ect (lanes 14 and 15). Similar treatment of 30 day
gonadectomized males with 5 mg estradiol or 50 mg
dihydrotestosterone obliterated the LG 20 kDa (lanes
5 and 6). All above results were similar when gonad-
ectomized hamsters of opposite sex were similarly trea-
ted for 15 days (not shown). In initial time-course
studies using gonadectomized females (not shown), tes-
tosterone (50 mg), estradiol (3.6 mg) or T4 (60 mg)
showed an almost complete inhibition of LG 20 kDa
after 15 days treatment while 10 days treatment
resulted in considerable but incomplete inhibition and
5 days treatment usually showed a very low inhibition.
Gonadectomy is well known to increase circulating
levels of LH and FSH which are decreased by sex hor-
mone treatment. It is possible that sex hormones'
e�ects are indirect and inhibition of LG 20 kDa is
directly due to fall in levels of LH and/or FSH.
However, 15 days treatment with heterologous LH (50
IU) and FSH (2 units) along with estradiol (5 mg) of
30 day gonadectomized females (lane 21) or similar
treatment with these two gonadotrophins along with
testosterone (50 mg) of 30 day gonadectomized males
(not shown) did not prevent inhibition of LG 20 kDa.
Moreover, 15 days administration of 50 IU hCG
(which shares its receptor with LH and also increases
gonadal steroidogenesis) to males or gonadectomized
hamsters did not change the expression of LG 20 kDa
and similar administration of hCG along with testos-
terone or estradiol treatment to gonadectomized ham-
sters did not prevent the inhibition of LG 20 kDa (not
shown). However, LG 20 kDa was undetectable in
hCG treated intact females (not shown) and also in 14
day pregnant females (gestation016 days; lane 16). It
was also not detected in mothers 1 day after delivery
(not shown). Interestingly, 15 day lactating mothers
had gonadectomy-like high levels of LG 20 kDa (lane
17). Lactation in hamsters is a low estrogen and high
prolactin state [2,3]. Daily post-parturn administration
of estradiol (3.6 mg) but not bromocriptine (500 mg)
for 15 days abolished this lactation-induced rise of LG
20 kDa (lanes 18 and 19). Levels of LG 20 kDa
decreased and resembled normal female levels (not
shown) by 25 day post-weaning (weaning on 22 day
post-partum). Bromocriptine treatment (500 mg; 45
days) did not a�ect the induction of LG 20 kDa in
gonadectomized males (lane 4) or gonadectomized
females (not shown) or LG 20 kDa expression in intact
males or females (not shown). Moreover, adminis-
tration of prolactin (10 IU for 20 days) to intact or 30
day gonadectomized males or females did not a�ect
their typical expression of LG 20 kDa (not shown).
Female hamsters kept in constant darkness for 70 days
had gonadectomy-like levels of LG 20 kDa (lane 20)
but males kept for 45 (not shown), 70 (not shown) or
105 days in constant darkness showed no expression of
LG 20 kDa (lane 2) although their testes and seminal
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vesicles were markedly regressed (testes weights after
105 days01/9th of controls; data not shown) indicat-
ing a low androgen state which is known to result
after prolonged light-deprivation [5,6,8,10]. However,
ablation of regressed testes after 75 days exposure to
constant darkness markedly induced LG 20 kDa by
another 30 days of continued exposure (lane 1).
Alternatively, gonadectomized males maintained post-
surgery in constant darkness for 45 days showed the
usual gonadectomy-associated induction of LG 20
kDa (lane 3). All above results were essentially similar
when hamsters were blinded instead of being main-
tained in constant darkness (not shown). A 20 kDa
protein was seen in pro®les of pooled tears from
females but not from males (lanes 23 and 22).

Figure 2 shows the e�ect of di�erent estrogens on
LG 20 kDa in gonadectomized females. Estradiol-17b
and diethylstilbestrol (nonsteroidal estrogen) were
apparently equipotent and caused complete inhibition
of LG 20 kDa at a low dose of 3.6 mg. When com-
pared with control, estrone and estradiol-17a (at doses
of 3.6 mg), showed 085 and 65% inhibition respect-
ively while estriol or chlorotrianisene (nonsteroidal es-
trogen) had no e�ect. However, 100 mg of estriol and
chlorotrianisene showed complete inhibition.
Interestingly, it is reported that both estriol and chlor-
otrianisene have extremely low uterotrophic activity in
hamster and they also show very low binding with
hamster uterine estrogen receptor [28]. Moreover, in a
previous study by others on estrogenic inhibition of

a2u globulin synthesis in livers of androgen treated
gonadectomized female rats, estriol was found to be
ine�ective while estradiol-17a had considerable activity
[29].

Figure 3 shows that when tamoxifen (500 mg) is
administered simultaneously with either estradiol (3.6
mg), testosterone (50 mg) or T4 (60 mg) to gonadecto-
mized females, it only (and completely) prevents estra-
diol's inhibition of LG 20 kDa. Tamoxifen injected to
intact females results in a gonadectomy-like induction
of LG 20 kDa which is likely to be due to its blocking
of the inhibitory e�ect of endogenous estrogens.
However, tamoxifen treatment of intact males (not
shown) had no e�ect.

Fig. 2. E�ect of di�erent estrogens on LG 20 kDa protein.

Gonadectomized females were treated daily for 15 days with indi-

cated doses of estrogens. CT, chlorotrianisene.

Fig. 3. E�ect of tamoxifen on the inhibition of LG 20 kDa by estra-

diol, testosterone and thyroid hormone. Treatments were given daily

for 15 days. TX, tamoxifen.

Fig. 4. Dose-dependent inhibition of LG 20 kDa by thyroid hor-

mones. Treatments were given daily with indicated doses of T4 and

T3.
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Figure 4 shows the dose-dependent inhibition of LG
20 kDa by thyroid hormones in gonadectomized
females. While 0.75 and 2.2 mg T4 had almost no
e�ect, doses of 6.6, 20 and 60 mg caused 060, 85%
and complete inhibition respectively. T3 was more
potent since 0.75 and 20 mg caused 65% and complete
inhibition respectively. However, administration of
0.025% methimazole (antithyroid agent) in drinking

water for 30 days did not a�ect LG 20 kDa expression
in males or females (not shown) even though post-
mortem examination showed hypertrophy of thyroid
tissue indicative of a hypothyroid state.

Puri®cation of nonglycosylated LG 20 kDa [1] is
shown in Fig. 5. LG extract of gonadectomized
females (lane 3) was fractionated on a concanavalin A-
Sepharose column to separate the ¯owthrough (lane 2)
containing all of the LG 20 kDa and the bound frac-
tion (eluted with 0.5 M a-methylmannoside) which
lacked this protein (lane 4). Pure LG 20 kDa (lane 1)
was electroeluted from preparative gels of the ¯ow-
through fraction and was used for immunization.

In Western blots, using rabbit antiserum against LG
20 kDa (Fig. 6), pure LG 20 kDa showed a single
crossreaction (lane 13) con®rming its purity. Male LG
extract showed no crossreaction (lane 5) while cross-
reaction at 20 kDa was seen for female LG (lane 6).
LG of gonadectomized females and males (lanes 7 and
8) showed higher levels of crossreaction at 20 kDa
while gonadectomized females treated with T3 or estra-
diol showed no crossreaction (lanes 3 and 4). Pooled
tears from females and gonadectomized males (lanes 9
and 11) showed crossreaction at 20 kDa but not tears
from males or testosterone treated gonadectomized
males (lanes 10 and 12). Minor crossreaction at 024
kDa was seen in all LG and tear samples having the
major 20 kDa crossreaction. Interestingly, male
hamster SMG (lane 1) showed 2 major crossreacting
proteins at 024 and 020.5 kDa and a minor one at

Fig. 5. Puri®cation of the 20 kDa protein from LG extracts of

gonadectomized females. Lane 1, pure LG 20 kDa electroeluted

from the ¯owthrough fraction; lane 2, con A-Sepharose ¯owthrough;

lane 3, LG extract of gonadectomized female; lane 4, con A-

Sepharose bound fraction after elution from column.

Fig. 6. Western blots of LG, SMG and pooled tears of hamsters using antisera against LG 20 kDa. Lanes 1±13 are Western blots and lanes A

and B are coomassie stained pro®les. Lanes A, B, 1 and 2 are SMG extracts; lanes 3±8 are LG extracts; lanes 9±12 are pooled tears; lane 13 is

pure LG 20 kDa. Sex, gonadal status and treatments (+) if any are indicated on top of each lane.
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030 kDa while female SMG (lane 2) showed no cross-
reaction. The major crossreactions in male SMG
obviously represent the major male-speci®c 24 and
20.5 kDa proteins previously reported by us [17] to be
present in coomassie stained pro®les of male SMG
(lane B) but not in female SMG (lane A). Moreover,
antisera previously raised by us against the electroe-
luted male SMG 20.5 kDa protein [27] crossreacted
with LG 20 kDa (not shown) as well as with 24, 20.5
and 30 kDa SMG proteins [27]. LG of long-term light-
deprived males and many other hamster tissues includ-
ing HG, parotid, sublingual and ¯ank glands, liver,
kidney, spleen and brain from both sexes and prostate,
seminal vesicles, testis, lactating mammary, milk,
uterus and vaginal discharge showed no crossreaction
(not shown). Surprisingly, LG, SMG and saliva of rat,
mouse and guinea pig and human tears and saliva
from both sexes also showed no crossreaction (not
shown).

Our other observations for which data are not
shown were as follows: Comparison of pro®les of
equal volumes of LG extracts from 13 day starved
females and fed controls showed a several fold higher
level of LG 20 kDa in starved pro®les which were
similar to pro®les seen after gonadectomy. Average
ratio for uterine wt:body wt. of 13 day starved and 70
day light-deprived females were respectively 31 and
23% of their controls which indicated their known low
estrogen state [4,6,7,10]. The hCG treated intact
females had distinctly higher uterine vasculation and
01.5 fold higher average uterine weight than untreated
controls. These indirectly indicated a higher estrogen
state, well known to result after such treatment.
Administration of melatonin (25 mg) to 060 day old
male hamsters for 60 days caused marked regression
of testes and seminal vesicles which is known to result
after such treatment [6] but did not induce LG 20 kDa
and LG pro®les were indistinguishable from those of
untreated males. Adrenalectomy and maintenance for
30 days with 1% saline (instead of drinking water) did
not a�ect expression of LG 20 kDa in males or
females.

4. Discussion

Protein pro®le analysis and immunoblots show that
LG 20 kDa is markedly inhibited by androgens, estro-
gens and thyroid hormones and is secreted in tears.
The sex hormones obviously inhibit at physiological
levels but this is unclear for thyroid hormones since no
induction of LG 20 kDa was seen in hypothyroid ham-
sters. Our results do not indicate any direct e�ect of
gonadotrophins or prolactin on LG 20 kDa ex-
pression. The heterologous gonadotrophins and pro-
lactin used by us are however otherwise physiologically

active in the hamster [3,5,6,15]. The gonadectomy-like
expression of LG 20 kDa in females after starvation,
light-deprivation or lactation was likely to be due to
their low estrogen states [2±4,6,7,9,10]. Our uterine
weight measurements and results of estrogen and bro-
mocriptine treatment of lactating hamsters strongly
support this view. Conversely, absence of LG 20 kDa
in hCG treated females and in late-pregnancy could be
due to their known high estrogen states [2,3]. The well
known (and thus expected) fall in endogenous levels of
prolactin, gonadotrophins, thyroid hormones and
other endocrine changes in our light-deprived males
[5,6,9,10] and the expected depression of prolactin
levels in bromocriptine treated males and females
[10,11,15,16] did not prevent the induction of LG 20
kDa when such hamsters were also gonadectomized.
Although, LG 20 kDa and HG porphyrin biosynthesis
are both androgen repressed in males and are both
markedly induced after gonadectomy [1,8,10,12±16],
the above mentioned endocrine changes due to light-
deprivation or bromocriptine treatment are however
known to prevent the gonadectomy-induced increase
of HG porphyrins in males [8,10±16]. Our measure-
ments of HG porphyrin levels (data not shown) con-
®rmed this and indirectly indicated that the known
endocrine changes were indeed occurring in our treated
hamsters. The lack of expression of LG 20 kDa in
light-deprived intact males (despite their low androgen
state) must be due to e�ective inhibition by low levels
of androgens still being secreted by their regressed tes-
tis [30] since their ablation results in induction. The
lack of LG 20 kDa induction in melatonin treated
males (which also had regressed testis) might have the
same explanation. Although, LG 20 kDa expression
appears to be overwhelmingly dependent only on en-
dogenous sex hormone levels, the e�ects of other pitu-
itary hormones and hypophysectomy with and without
gonadectomy need investigation [16,31].

Androgen repression of hamster LG 20 kDa is unu-
sual since other known hormonally regulated tear pro-
teins are all androgen induced [1,18±23,32]. This
repression might be mediated by androgen receptors
demonstrated in hamster LG [20,21]. Inhibition of LG
20 kDa by several estrogens and prevention of only
estrogen's inhibition by tamoxifen indicate that estro-
gen's inhibition requires estrogen receptors.

Hormonal repression of gene expression is rare and
its mechanism poorly understood when compared with
induction [1,12,17±19,25,28,29,32±35]. Moreover,
changes in gene expression can rarely be visualized in
protein pro®les as it is possible for LG 20 kDa or the
SMG male-speci®c 24 and 20.5 kDa secretory proteins
of hamster [17]. Male expression of these SMG pro-
teins is not androgen dependent, but is markedly
repressed by exogenous estrogens [17]. Gonadec-
tomized females show male-like expression of these
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SMG proteins which are obliterated by estrogens and
surprisingly also by androgen treatment [17]. The LG
and SMG proteins thus have similarities and dissimila-
rities in their sex-hormonal repression [1,17] and could
be excellent models to study molecular mechanism of
gene repression by estrogens and androgens.

In spite of di�erences in their Mr [17] and hormonal
regulation, the immunological similarity between the
LG and SMG secretory proteins and the lack of cross-
reaction in other hamster tissues strongly suggests that
they are tissue-speci®c products of same or closely re-
lated genes with a similar function which might be re-
lated to their common secretory nature. The LG 20
kDa and SMG 24 and 20.5 kDa proteins might di�er
in their post-translational modi®cation and the minor
crossreaction at 24 kDa (LG) and 30 kDa (SMG)
could be precursors of the major proteins. The func-
tion of the LG and SMG proteins must also be related
to their sex-speci®c expression. Moreover, it is intri-
guing that immunologically similar protein was not
detected in other species.

On encounter, hamsters sni� and come in contact
with eye, nasal and salivary secretions which are well
known sources of species-speci®c olfactory cues
(pheromones) [11,18,31,36±42]. Pheromone and odor-
ant binding proteins in tears, saliva, nasal mucus and
urine of di�erent species [40,42±46] and a pheromonal
protein in hamster vaginal discharge [40,47] are known
and they all belong to a family of lipophilic ligand
binding proteins (lipocalins) which are mostly abun-
dant secretory proteins of Mr020 kDa with low
sequence homology but considerable structural simi-
larity [40,42±49]. The female-speci®c LG 20 kDa and
male-speci®c SMG 24 and 20.5 kDa major secretory
proteins of hamster might be lipocalins and function
as pheromone or odorant binding proteins or they
themselves could have pheromone activity.
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