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Summary—Human placenta contains the methyltrienolone binding protein (MTBP), an
androgen binding protein which is distinct from the androgen receptor. This study demon-
strates that the human choriocarcinoma cell line (JEG-3) also contains the MTBP and that
in both human placenta and JEG-3 cells the MTBP is located exclusively in the nucleus and
in particular is associated with DNase 1 resistant chromatin.

INTRODUCTION

Our previous reports of androgen binding in
human placenta have demonstrated the presence
of the methyltrienolone binding protein (MTBP),
an androgen binding protein which is distinct
from the androgen receptor[1-3]. The char-
acteristics which distinguish the MTBP from
classical androgen receptors and other androgen
binding proteins are: it requires the nucleotide
NAD* for steroid binding activity, unique
steroid specificity (high affinity for R1881 but
negligible affinity for dihydrotestosterone and
mibolerone), a K, for R1881 of 10nM, and a
molecular weight of 67 kDa.

Early studies of steroid hormone actions
proposed that unoccupied steroid receptors were
present in cytosol where they bound ligand
resulting in the activation or transformation of
the receptor into a state with increased affinity
for nuclear acceptor sites. Recent studies,
however, have shown that both unoccupied
and occupied steroid receptors are localized in
the nucleus of intact cells [4, 5]. The currently
accepted model of steroid hormone action
proposes that binding of the hormone to the
receptor protein causes the hormone-receptor
complex to acquire high affinity for a limited
number of nuclear acceptor sites resulting in the
modulation of specific gene expression [6, 7).

*To whom correspondence should be addressed.

There are also reports of steroid receptors in
other subcellular fractions [8—12], although their
function within these structures is unknown.
The aim of this study was to determine the
intracellular localization of MTBP.

EXPERIMENTAL

Materials

[17-a-methyl-*H]R 1881 and radioinert R1881
(178-hydroxy-17a-methylestra-4,9,11-trien-3-
one) were obtained from New England Nuclear
Corp. (Boston, MA). Other radioinert steroids
were from Sigma Chemical Co. (St Louis, MO).
Deoxyribonuclease 1 (DNase 1) was from Sigma.
All reagents were of analytical grade.

Tissue samples

Human placentas were obtained immediately
after delivery. The tissue was cut into small
pieces and either frozen in liquid nitrogen or in
dry ice/hexane and stored at —70°C.

Cell structure

Human choriocarcinoma cells, JEG-3 (ATCC
HTB 36, American Type Culture Collection,
Rockville, MD) were cultured in RPMI medium
with 10% fetal calf serum (FCS), 0.29% glut-
amine, 20 mM HEPES, penicillin and strepto-
mycin at 37°C in a humidified 95% air/5%
carbon dioxide atmosphere.

259



260 J. O. MACAULAY et al.

Subcellular fractionation of human placenta

A modification of the method of Dobashi et al.
[13] was used to isolate nuclei, mitochondria,
plasma membranes, microsomes and cytosol.
All procedures were performed at 4°C. Human
placental tissue was allowed to thaw and was
then homogenized using a polytron PT10S hom-
ogenizer (Kinematica GmbH Littau, Luzern,
Switzerland) at a setting of 4 with two 15s
bursts, allowing 30 s between bursts for cooling.
Homogenization was performed at 4°C in 4 vol
of Buffer A (0.25 m sucrose, 2mM Tris—HCI,
1 mM EDTA pH 7.4). The homogenate was
filtered through gauze and centrifuged at 1000 g
for 15min. The pellet was washed twice in
the same buffer. The pooled supernatants were
centrifuged at 8000g for 20 min, the pellet
washed twice and the pooled supernatants
centrifuged at 24,000 g for 10 min. The resultant
pellet was washed twice in the same buffer and
the pooled supernatants centrifuged at 100,000 g
for 60 min. The final pellet was resuspended in
Buffer A.

Isolation of nuclei

The method of Flint and Burton [14], was
used to isolate nuclei from human placental
tissue. Human placenta which had been frozen
on dry ice/hexane was thawed and minced in
1vol of Buffer B (S0 mM Tris-HCl, 2mM
CacCl,, | mM MgCl,, pH 7.4) and homogenized
by hand in a Teflon—glass homogenizer at 4°C.
The homogenate was centrifuged for 15 min at
600 g and the pellet washed twice in Buffer C
(Buffer B containing 0.25 M sucrose). The final
pellet was resuspended in Buffer C. An aliquot
of the nuclei preparation was resuspended in
phosphate buffered saline (PBS) and the nuclei
smeared onto glass slides and fixed in methanol
(5 min). The slide was then stained with haema-
toxylin and eosin and the purity of the nuclei
preparation checked by phase microscopy. This
method yielded intact nuclei with very little
cytosolic contamination.

Nuclei were isolated from JEG-3 cells by first
releasing the cells from 75cm? flasks with
trypsin followed by washing with PBS. The cells
were resuspended in Buffer B and snap frozen
on dry ice. The cell suspension was then thawed
at room temperature and the freeze/thaw cycle
repeated 4 more times. The cell suspension was
then centrifuged for 10 min at 10,000 g and the
pellet washed three times in Buffer B. The final
pellet was resuspended in Buffer C. The nuclei
were fixed and stained as described above.

Extraction of chromatin

Chromatin was extracted by the method of
Spelsberg et al. [15]). Nuclei prepared as described
above, from both placental tissue and JEG-3
cells, were pelleted and resuspended in 50 vol of
Buffer D (80 mM NaCl, 20 mM EDTA, pH 6.3)
and homogenized by hand in a Tefion—glass
homogenizer. The homogenate was then centri-
fuged at 10,000g for 10 min. The pellet was
rehomogenized and centrifuged twice in the
same buffer and the supernatants pooled. The
pellet was rehomogenized and centrifuged in
5vol of 0.35 M NacCl followed by 5 vol 0.1 mM
EDTA, 2 mM Tris—HCI pH 7.5 to yield the final
pellet (chromatin) which was resuspended in
0.1 mM EDTA, 2mM Tris-HCI.

Binding assays

PHJR1881 binding was measured in sub-
cellular fractions with 10 nM [*HJR1881 + 2 uM
R1881 and 200 uM NAD* for 1h at 4°C.
Separation of bound from free steroid (in
particulate fractions) was performed by centri-
fugation at 10,000 g followed by washing of
the pellet and extraction of steroids into 100%
ethanol. The DCC method[I] was used to
separate bound from free steroid in soluble
fractions.

JEG-3 cells were grown in monolayers and
the binding assay performed using a modification
of the method used in our laboratory to measure
androgen receptors in human fibroblasts [16].
JEG-3 cells were grown to confluency in 2 cm?
24 well plates then washed twice with serum-free
medium and incubated with 10 nM [*H]R1881
+2 uM unlabeled R1881 in serum-free medium
for 60 min at 37°C. Cells were than washed 5
times with cold PBS, 0.2ml trypsin/versene
solution added and monolayers incubated at
37°C until cells were released from the plates.
0.3 ml PBS was added and the cell suspension
transferred to tubes, sonicated for 30s and
0.2 ml counted for radioactivity. 0.2 ml aliquots
were taken for DNA determination.

Protein and DNA determination

Protein was determined by the method of
Bradford [17]. DNA was determined by the
method of Cesarone et al. [18].

Enzyme assays

§-Nucleotidase activity was determined as
described by Aronson and Touster[19] and
glucose-6-phosphatase activity was determined
by a modification [20] of the method of Hers [21].
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Fig. 1. Saturation curve of and Scatchard analysis of

[PH]R1881 binding to JEG-3 cells. JEG-3 cells (2 cm? wells)

were incubated with 2.5-100nM [*HJR1881 & 200-fold

excess unlabeled R1881 in serum-free medium for 1h at

37°C. Free steroid was separated from bound as described

in Experimental. Specific binding is plotted. Inset is the
Scatchard plot of the data.

DNase 1 digestion of chromatin

Isolated chromatin was digested with DNase
1 by resuspending the chromatin in 10 mM
Tris-HCl, 5mM MgCl,, pH 7.4 containing
protease inhibitors (10 mM N-ethylmalamide,
1 mM benzamidine HCI, 0.1 mM phenylmethyl
sulfonylfluoride) and incubating with 50 ug/ml
DNase 1 at 37°C. Aliquots were taken at 5,
10, 15 and 30 min put on ice and adjusted to
0.01 M EDTA. Samples were then centrifuged
at 10,000 g for 10 min and the pellet washed and
resuspended in 2 mM Tris~-HCI, 0.1 mM EDTA
pH 7.4.

RESULTS

A human placental cell line, JEG-3, was
examined as a possible source of the MTBP.
Initially the JEG-3 cells were grown in mono-

Table 1. Steroid specificity of [PHJR1881 binding to JEG-3 cells:
percentage of binding remaining in the presence of 200-fold excess of

untabeled steroid

Steroid % of Total binding remaining
- 100

R1881 287433
Andrpstenedione 460+ 1.3
Testosterone 53.7+6.9
Mibolerone 733145
Dehydroepiandrosterone 73.3+24
Estrone 76.7+ 6.8
DHT 780+ 2.6
Progesterone 78.7+3.5
Estradiol 80.7+ 2.6
Estriol 81.0+3.6
Cortisol 88.9+2.7
Dehydroepiandrosterone-suifate 91.3+20
Dexamethasone 920+ 4.6
Triamcinolone acetonide 95.0+ 4.5

JEG-3 cells (2cm? wells) were incubated with 10nM [HIJR1881
+ 2 uM unlabeled competing steroid in serum-free medium for
1 h at 37°C. Free steroid was separated from bound as described
in Experimental. Data are the means + SEM of three separate
determinations.

layers and assayed for androgen binding using
a modification of the method used in this
laboratory to measure androgen receptors in
human fibroblasts [16]. Saturation analysis was
performed using ["HJR1881 over a range of 0-
100 nM. Figure 1 is a representative binding
curve derived Scatchard plot. JEG-3 cells have
a high affinity R1881 binding site [K,; 8.3 +
2.4 nM (n = 3)] which is saturable and of limited
capacity (55.6 & 11.3 fmol/ug DNA). These cells
therefore contain an androgen binding protein
with an affinity for R1881 similar to that of the
human placental MTBP.

To determine if the androgen binding was
indeed to MTBP and not androgen receptors
or other androgen binding proteins, specificity
studies were performed with ["HJR1881 in the
absence and presence of a 200-fold excess of
various unlabeled steroids (Table 1). PH]R1881
binding was competed for strongly by R1881
(29% remaining), with androstenedione and
testosterone the next strongest competitors
(46 and 54% remaining, respectively). The other
androgens, dihydrotestosterone (DHT) and
mibolerone, displaced slightly at this concen-
tration but to no greater extent than the other
classes of steroids tested. The steroid specificity
of these cells was then examined further by
testing the ability of these steroids to displace
[PH]R1881 over a range of concentrations (10—
1000 nM) (Fig. 2). The results obtained were
similar to those obtained in human placental
cytosol [2] and strongly suggests that the
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Fig. 2. Steroid specificity of ["H]JR1881 binding to JEG-3
cells. JEG-3 cells (2 cm?® wells) were incubated in the presence
of 10 nM [PH]R 1881 with or without the addition of 1-, 10-,
100- and 1000-fold excess of nonradioactive competing
steroid for 1 h at 37°C. Competing steroids were: R1881 (O),
mibolerone (@), DHT (A), testosterone (A), androstene-
dione (1), R5020 (M), progesterone (V) and triamcinolone
acetonide (V). Free steroid was separated from bound as
described in Experimental. Binding in the presence of 10 nM
[HJR1881 alone was set at 100%. Data are the means of
three separate determinations. SEM were <10% and are

not shown.
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Table 2. Characterization of [PHJR1881 binding to nuclei from
JEG-3 celis
Supernatant Nuclei
Binding activity
(% of total) 1.61+13 984 +13

Glucose-6-phosphatase activity
(% of total)

5’-Nucleotidase activity
(% of total) 100 —

JEG-3 cells were lysed and (*HJR 1881 binding measured with 10 nM
PHJR1881 + 2 uM RI1881 and 200 uM NAD™* for 1 h at 4°C.
For nuclei binding free steroid was separated from bound by
centrifugation at 10,000 g followed by washing and extraction of
steroids in 100% ethanol. Binding in supernatant was measured
with the DCC method. Enzyme activity was determined as in
Experimental. Data are the means + SEM of three separate
determinations.

100 —

androgen binding species in the JEG-3 cells is
the MTBP.

When JEG-3 cells were lysed and nuclei
isolated 98% of [*HJR1881 binding was found
to be associated with the nuclei (Table 2).
Marker enzymes were assayed as a criterion of
purity of the nuclei. 5-Nucleotidase, a marker
for plasma membranes, and glucose-6-phospha-
tase, a marker for endoplasmic reticulum,
were not associated with the nuclear fraction
(Table 2), confirming that the nuclei were not
contaminated with these fractions. Haema-
toxylin and eosin staining showed intact nuclei
with very little cytosolic contamination (data not
shown). These data demonstrate that in JEG-3
cells R1881 binding activity is associated
predominantly with nuclei.

To determine if the MTBP in human placenta
was also associated with nuclei a crude sub-
cellular fractionation of human placental tissue
was performed. The data in Table 3 shows

Table 3. Binding of ['HJR1881 in subcellular fractions of human

placenta
Specific Enzyme activity
R1881
binding  5-Nucleotidase G-6-Pase

Fraction (% of total) (% of total) (% of total)

1000 g pellet 622472 490+ 1.8 321+21
(nuclei)

8000 g pellet 3.1+04 58 +0.1 22+0.1
(mitochondria)

24,000 g pellet 8.6+04 23.2+22 588+19
(plasma membranes)

100,000 g pellet 58+03 744038 6.8+ 1.1
(microsomes)

Cytosol 20.1 +25 145+ 18 —

Subcellular fractionation of human placenta was performed as de-
scribed in Experimental. [PHJR 1881 binding was measured with
10 nM {*HjR1881 + 2 uM R1881 and 200 uM NAD* for 1 h at
4°C. For particulate fractions separation of bound from free
steroid was by centrifugation at 10,000 g followed by repeated
washing of the pellets and extraction of steroids in 100%
ethanol. The DCC method was used to separate bound from free
steroid in the cytosol. Enzyme activity was determined as
described in Experimental. Data are the means + SEM of three
separate determinations and are expressed as the percentages of
total activity recovered.
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that 62% of the PH]R1881 binding activity was
associated with the 1000 g nuclear pellet. The
remaining *HJR 1881 binding activity was prim-
arily in the cytosol where 20% of the binding
activity was found. Low [PH]JR1881 binding was
found in the other fractions. Marker enzymes
were again assayed as a criterion of purity of
the subcellular fractions. 5'-Nucleotidase was
predominantly in the nuclear pellet as well as
in the 24,000 g pellet and the cytosolic fraction.
Glucose-6-phosphatase was found predomin-
antly in the 24,000 g pellet. These data suggest
that the R1881 binding activity is associated
mainly with the nuclear fraction.

To confirm that the MTBP was indeed associ-
ated with the nuclear fraction placental tissue
was fractionated using a protocol for the isola-
tion of purified nuclei. The purity of the nuclear
preparation was assessed by haematoxylin and
eosin staining and measurement of marker
enzyme activity. The nuclei prepared by this
method had very little cytoplasmic contamin-
ation (data not shown) and there was very little
contamination of nuclei with either plasma
membranes or endoplasmic reticulum (Table 4).
When [PH]R 1881 binding activity was measured
in the nuclei and low speed supernatant 92% of
the R1881 binding activity was found in the
nuclei. These data confirm that human placenta,
like JEG-3 cells contain R1881 binding activity
associated predominantly with nuclei.

Further experiments were performed to deter-
mine if the R1881 binding associated with the
nuclei from both the placental tissue and the
JEG-3 cells was to the MTBP and if any andro-
gen receptors were present. The MTBP has a
clearly distinct pattern of steroid binding which
is readily distinguishable from androgen recep-
tors[1,2]. Nuclei from human placenta and
JEG-3 cells were incubated with [PH]JR1881 in
the presence of a 200-fold excess of competing
steroid. R1881 competed strongly while neither

Table 4. Binding of ['H]R 1881 in nuclei from human placenta

Supernatant Nuclei
Binding activity 77+1.6 87.8+13.5
(% of total)
Glucose-6-phosphatase activity 91.0+73 81+12
(% of total}
5’-Nucleotidase activity 878 +3.5 121 +£20

(% of total)

Nuclei were prepared as described in Experimental. PH]JR 1881 bind-
ing measured with 10 nM H]R 1881 + 2 uM R1881 and 200 uM
NAD* for 1 h at 4°C. For nuclei free steroid was separated from
bound by centrifugation at 10,000 g followed by washing and
extraction of steroids in 100% ethanol and the DCC method was
used for the supernatant. Enzyme activity was determined as in
Experimental. Data are the means + SEM of three separate
determinations.
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Table 5. Steroid specificity of [’HJR1881 binding to nuclei from
human placenta and JEG-3 cells: percentage of binding remaining in
the presence of 200-fold excess of competing steroid

% of Total binding remaining

Competing steroid Placenta JEG-3 cells
—_ 100 100

R1881 334+53 39.1+19
Mibolerone 92.6 +3.2 96.3+ 1.3
DHT 89.8+2.3 91.1+£1.0

Nuclei were incubated with 10nM [PH]R1881 + 200-fold excess of
unlabeled competing steroid and 200 uM NAD* for 1 h at 4°C.
Separation of bound from free was as described in Experimental.
Data are the means + SEM of three separate determinations.

mibolerone nor DHT competed to any signifi-
cant extent (Table 5). These data confirm that
the R1881 binding measured in nuclei from both
placental tissue and the JEG-3 cells is to the
MTBP.

Nuclear steroid hormone receptors have
previously been reported to be associated with
chromatin [22-25]. Therefore chromatin was
isolated from both the nuclei of placental tissue
and JEG-3 cells to determine if the MTBP is
also associated with this nuclear fraction. Nuclei
were isolated, then homogenized and extracted
in a series of buffers as described in Exper-
imental. R1881 binding activity was assayed in
supernatant fractions as well as the final chro-
matin pellet. The data in Table 6 shows that
most of the MTBP R1881 binding activity was
found to be associated with the chromatin pellet
with negligible R1881 binding activity found
in the other fractions. Therefore the MTBP in
both placental tissue and the human chorio-
carcinoma cell line JEG-3 is tightly associated
with chromatin.

Since chromatin acceptor sites for steroid
receptors have been reported to be resistant to
DNase 1 activity [25-27] we tested the chromatin

Table 6. Isolation and binding of [*H]R1881 to chromatin from
placental and JEG-3 cell nuclei

% of Total binding

Fraction Placenta JEG-3 cells
Nuclei 100 100

S1 6.6 +0.3 162+ 1.5
S2 1.3+0.2 1.2+0.2
S3 03+0.1 —
Chromatin pellet 920+ 1.2 82.5+25

Nuclei were prepared as described in the Experimenta! and chromatin
extracted by homogenizing in 50 vol of 80 mM NaCl, 20 mM
EDTA pH 6.3 followed by centrifugation at 10,000 g for 10 min.
The pellet was then rehomogenized and centrifuged twice in the
same buffer and the supernatants pooled (S1). The pellet was
rehomogenized and centrifuged in 0.35 M NaCl (S2) and 0.1 mM
EDTA, 2mM Tris~HCI] pH 7.5 (S3) to yield the final pellet
(chromatin). All fractions were incubated with 10 nM [*HJR1881
+ 2 uM R1881 and 200 uM NAD"* for 1 h at 4°C. Bound from
free steroid was separated by the DCC method for S1, S2 and S3
and in nuclei and the chromatin pellet was separated by centri-
fugation at 10,000 g followed by washing and extraction of the
steroids in 100% ethanol. Data are the means + SEM of three
separate determinations.
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MTBP binding sites for susceptibility to DNase
1 digestion. Digestion of chromatin from human
placenta and JEG-3 cells for 30 min at 30°C
with 50 ug DNase 1 resulted in no loss of MTBP
[PHJR1881 binding activity, suggesting that
placental and JEG-3 chromatin MTBP acceptor
sites are resistant to DNase 1 digestion (data
not shown).

DISCUSSION

The currently accepted model for the action
of androgens is that they enter the cell and then
bind to androgen receptors which, both in the
presence and absence of ligand, are located in
the nucleus [28, 29). However there are reports
of androgen receptors associated with endo-
plasmic reticulum [8, 9] and of other classes of
steroid receptors associated with endoplasmic
reticulum and plasma membranes[10-12]. It
was therefore important to determine if cytosol,
where we had initially identified the MTBP,
was the only site of MTBP or if MTBP was
also present in other intracellular fractions.

In previous studies we reported the presence
of MTBP in human placental cytosol and
demonstrated the difference between the MTBP
and classical androgen receptors[1-3]. In
contrast, the data reported here indicate that
the MTBP is found exclusively in the nucleus.
In experiments using placental tissue approx.
90% of the MTBP R188! binding activity was
associated with nuclei while in JEG-3 cells 98%
of the MTBP R1881 binding was associated
with nuclei. These results contrast with those of
our previous studies where we observed high
levels of MTBP in the cytosolic fraction. This
discrepancy is probably due to differences in
methodology. In our previous studies the
placental tissue had been frozen by immersion
in liquid nitrogen and the tissue homogenized
with a polytron. These conditions possibly
disrupt the nuclei in addition to breaking the
cells. In the studies reported here placental
tissue was cut into small pieces and frozen in
dry ice/hexane, conditions under which cellular
structure is maintained intact. The tissue was
then gently homogenized at a lower speed for a
shorter period of time, conditions which would
be less likely to rupture the nuclear membrane.

In a previous report examining androgen
binding in the human placenta it was found that
placental nuclei did in fact bind androgens but
it was concluded that the binding was to andro-
gen receptors [30]. Our previous studies have
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shown conclusively that the R1881 binding in
human placental cytosol is not to androgen
receptors but to the MTBP [1-3]. The steroid
specificity data reported here, which shows that
both the placental and JEG-3 cell nuclei have a
high affinity for R1881, but exhibit negligible
binding of DHT or mibolerone, confirms that
in both human placental tissue and JEG-3 cells
the nuclear R1881 binding species is the MTBP
and not androgen receptors. Thus, this cell line
is a suitable model for studying the biological
actions of MTBP. Murphy and Hyde [37) have
reported that certain steroids increase the bind-
ing of R1881 in human placental homogenates
but in our studies no such effects were observed.

In the present study we also found that the
MTBP is tightly bound to chromatin but is
not released by DNase 1 digestion. The nuclear
binding sites for steroid receptors represent the
first nuclear event in the steroid alteration of gene
transcription. In order for steroids to regulate
gene expression, an interaction between steroid
hormone receptors and the nuclear acceptor
sites in the genome is required. Acceptor sites
for androgen receptors have been reported to be
associated with chromatin [22-25, 31] as have
acceptor sites for other classes of steroid recep-
tors [32, 33]. Studies of chromatin acceptor sites
for androgen and other steroid receptors have
found that these sites are resistant to DNase 1
digestion [25-27] and it has been suggested that
the receptors are probably bound to adjacent
proteins [23]. The resistance to DNase digestion
has also been interpreted to suggest that the
chromatin acceptor sites may be related to
acceptor sites associated with the nuclear matrix
[26]. The association of the MTBP with chro-
matin raises the question of whether it may act
as a transcription factor similar to classical
steroid receptors.

Our previous data showed that MTBP has
many characteristics which differentiate it
from classical androgen receptors, in particular
its requirement for the nucleotide NAD™* for
steroid binding activity [3]. An NADPH depen-
dent tri-iodo-L-thyronine (T,) binding protein
has previously been described by Hashizume
et al.[34]. This cytosolic protein is thought
to be involved in both the transport of T, to
the nucleus and to serve as a reservoir of
cytoplasmic T, It is, however, quite distinct
from the nuclear T, receptor [35). One form
of the cytosolic T, binding protein has been
demonstrated to bind to nuclei and the nuclear
acceptor sites shown to be resistant to DNase 1
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treatment [36]. These authors suggest that the
cytosolic T, binding protein binds to nuclei and
may act as a donor of T, to the nuclear receptor
present in the nuclear matrix. Although the T,
binding protein resembles MTBP in its require-
ment for nucleotide cofactors it is probably
quite distinct in function as it has both nuclear
and cytosolic forms while the MTBP has been
demonstrated to be exclusively localized to the
nucleus in both term placenta and cultured
human choriocarcinoma cells.

In conclusion, we have reported that the
human choriocarcinoma cell line JEG-3 con-
tains the MTBP and that in both human
placenta and JEG-3 cells the MTBP is located
exclusively in the nucleus and in particular is
associated with DNase 1 resistant chromatin.
The presence of the MTBP in nuclei and its tight
association with chromatin suggests that MTBP
may be acting directly or indirectly to modulate
gene transcription. JEG-3 cells provide a poten-
tial model for investigating the genomic effects
of R1881 mediated by the MTBP.
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