tein that recognizes the E2 upstream ele-
ment a cellular protein, and if so, is it
present in uninfected cells? If the protein is
present before and after the action of E1A,
then how is it different as a result of the
action of the E1A protein?
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Adrenal-Mediated Endogenous Metabolites Inhibit

Puberty in Female Mice

MiLos NovoTrNy, BOZENA JEMIOLO,* ScOoTT HARVEY,
DoNALD WIESLER, ANNA MARCHLEWSKA-KoJ*

While assessing a potential role of adrenal glands in the production of the hitherto
unidentified puberty-delaying pheromone of female mice, the urinary volatile profiles
of normal and adrenalectomized animals were quantitatively compared. Six compo-
nents, whose concentrations were depressed after adrenalectomy, were identified: 2-
heptanone, trans-5-hepten-2-one, trans-4-hepten-2-one, n-pentyl acetate, cis-2-pen-
ten-1-yl acetate, and 2,5-dimethylpyrazine. When these laboratory-synthesized chemi-
cals were added (in their natural concentrations) to either previously inactive urine
from adrenalectomized females or plain water, the biological activity was fully
restored.

OTH SOCIAL AND ENVIRONMENTAL
factors may accelerate or delay the
timing of sexual maturation in the
female house mouse, Mus musculus. The
onset of puberty in juvenile female mice is

modified by urinary chemical cues (priming
pheromones) originating from both males
and females. Treatment of juvenile females
with the urine of normal males (1-3), or its
high molecular weight fraction (4), causes

Table 1. Mean (in days) of the first vaginal estrus (+ SEM) for young female mice painted daily on the
external nares with various stimuli or water (control). Means marked with an asterisk are significantly
different from means without an asterisk (P < 0.001); F(df 8267) = 27.15, P < 0.005 (Duncan’s new
multiple range test).

Mean day to
Treatment ” reach first estrus
April
Water (control) 32 30.1 (0.3)
Urine from intact females caged:
Singly 32 30.5 (0.2)
Group 32 33.9%(0.4)
October
Water (control) 30 31.1 (0.3)
Urine from ovariectomized females caged:
Singly 30 31.3 (04)
Group : 30 33.8%(0.5)
September
Water (control) 30 29.6 (0.3)
Urine from adrenalectomized females caged:
Singly 30 30.5 (0.3)
Group 30 30.4 (0.3)
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puberty acceleration, whereas treatment of
juvenile females with the excreted urine
of intact females that had been housed to-
gether for at least 10 days (5) substantially
delays puberty (6). The efficiency of this
female-to-female puberty-delaying urinary
factor depends on the density and duration
of the grouping of the female urine donors
(5, 7, 8) but not on the donor’s age (7, 9).
Social contact, while necessary for phero-
mone production, does not appear to en-
hance the delay of sexual development in
juvenile mice (10). Changes in gonadal ac-
tivity, in adrenal gland size, and in the
secretion of adrenal hormones, and de-
creased reproductive performance appear to
result from social stress in high-density pop-
ulations of various rodent species (11-13).
Studies of Drickamer and co-workers indi-
cate that adrenalectomy (14) but not ovari-
ectomy (15) abolishes the biological activity
of excreted urine to delay puberty in juvenile
mice.

On the basis of the suggestion of Chris-
tian (11-13) and Drickamer and co-workers
(14, 15) that the puberty-inhibiting effect
may be associated with the adrenal function,
we designed the series of experiments in
which (i) chemical differences between the
urinary excretion of normal and adrenalecto-
mized female animals were quantitatively
observed; (ii) the urinary volatile substances
that differed consistently between the two
sample types were subsequently identified
and synthesized for both structural verifica-
tion and biological testing; and (iii) these
synthetic pheromone candidates were tested
both in mixtures and individually to deter-
mine whether their action parallels that of
the natural urinary stimuli. These results

Department of Chemistry, Indiana University, Bloom-
ington 4740s.

*On leave from the Institute of Zoology, Jagiellonian
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furnish independent verification of the ex-
periments of Drickamer and co-workers.

ICR/Alb mice were purchased from
Ward’s Natural Science Establishment
(Rochester, NY). Intact and adrenalecto-
mized females (surgery performed by the

; supplier), 80 to 100 days old, were used as
urine donors. Singly caged and group-caged
urine donors (ten animals per cage) were
housed for acclimatization for at least 3
weeks prior to urine collection. The adrenal-
ectomized animals were supplemented with
water containing 0.9 percent sodium chlo-
ride and 1.0 percent sucrose (16). Urine
samples from adult, ovariectomized females
(50 to 70 days of age at the time of surgery)
were used for comparative experiments.
These samples were collected 50 days after
surgery (recovery period plus acclimatiza-
tion). For each experimental group, we col-
lected and combined urine from eight to ten
temales by holding a mouse over a glass vial
and gently squeezing the abdomen and
flanks. Immediately after collection, samples
were stored at —4°C until analyzed or other-
wise tested. Use of controls in the bioassay
procedure assured adequate checks of bio-
logical activity.

Our bioassay procedure was similar to
that described by Drickamer and co-workers
(14, 15, 17). Pregnant female mice were
isolated into individual cages a few days
before parturition and checked daily for
newborns. Pups from each litter were count-
ed and sexed. Each litter was reduced to ten
pups, two or three of which were males to
eliminate size and sex composition differ-
ences in a litter (18). The young mice were
weaned 21 days after birth and were imme-
diately assigned to a treatment group and
cage according to a random sequence. The

- females were housed two to three per cage
and painted daily on their external nares
with 0.02 ml of water (control) or with
excreted urine from adult females (experi-
mental groups). Each test mouse was exam-
ined daily from day 21 undil the occurrence
of vaginal perforation. Starting on the day
of vaginal opening, vaginal smears were
taken until the occurrence of the first vaginal
estrus. We examined the vaginal smears
immediately under a light microscope and
recorded the stage of estrous cycle, using the
criteria of Rugh (19) and Vandenbergh (2).
All mice were weighed prior to testing; for
each experiment, a one-way analysis of vari-
ance was used to compare the body weight.
There were no significant differences in
weaning body across the various treatment
groups.

All mice were housed in plastic cages (12
by 28 by 17 cm) and maintained at
21°+£ 0.2°C, 50 to 70 percent humidity,
and a 12-hour light/12-hour dark daily re-
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gime. Unlimited amounts of Purina Mouse
Chow (Ralston Purina Company, St. Louis,
MO) and water were supplied throughout
each experiment. Bedding was changed
weekly.

Vandenbergh et al. (20) reported a sea-
sonal variation in uterine weight for young
temale house mice. A seasonal variation in
the ability to accelerate or delay puberty was
also reported by Drickamer (21). In view of
these observations, we considered the data
obtained from this study in relation to sea-
son. The experimental tests were carried out
during fall and spring (Table 1) and fall to
spring and summer (Table 2).

Females painted daily with the excreted
urine from intact or ovariectomized donors,
housed in groups, matured significantly lat-

er than young females treated with water or-

with excreted urine from singly caged intact
or ovariectomized females. Likewise, the
excreted urine from singly or group-caged
adrenalectomized donors did not cause sta-’
tistically significant puberty delay (Table 1).

Following the suggestion that the adre-
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nals (I14) but not the ovary tissue (I5)
control the puberty-delaying pheromone,
we analyzed urinary samples of normal and
adrenalectomized animals by gas-phase ana-
lytical techniques (22). According to current
knowledge of the chemical nature of mam-
malian - messengers, either relatively small
(volatile) or large molecules may act as
pheromones. Our main reason for using
gas-phase analytical techniques was thatin a
recent study by Coppola and Vandenbergh
(23) the activity of the puberty-delaying
chemosignal was lost after exposure to air at
room temperature; these results suggested
that the pheromone was either an air-sensi-
tive or a volatile substance. Another reason
is the success we have had using gas-phase
analytical methodology in our other phero-
mone investigations in mice (24-26).

The volatiles were first sparged from 1-ml
urinary samples at room temperature with
purified helium gas (100 ml/min) and ad-
sorbed on a precolumn packed with Tenax
GC porous polymer (27). The sample was
subsequently desorbed in the heated injec-
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Fig. 1. High-resolution gas-phase chromatograms of urinary samples from (a) normal and (b)

adrenalectomized female mice.
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tion port (220° to 240°C) of a gas chro-
matograph and retrapped into a cooled sec-
tion of a glass capillary column (24). Subse-
quent temperature-programmed  analysis
yielded a high-resolution chromatogram. A
comparison of typical urinary volatile pro-
files obtained from the two sample types is
shown in Fig. 1. Inspection of numerous
urinary samples revealed that, although the
urines of adrenalectomized animals tend to
be more “dilute” and qualitative variations
among them may exist, only chromato-
graphic peaks 1 through 6 are consistently
depressed after adrenalectomy. A combina-
tion of capillary gas chromatography and
mass spectrometry (Hewlett-Packard model
5710 A) was used to identify components 1
through 6 (28), the structures of which are
as follows:

(o}

PN

2-heptanone
1
(¢]

PN

trans—-5~hepten-2-one
2
(o]

/U\/\/\

trans—4-hepten-2-one
3
(o}
)J\o/\/\/
n-pentyl acetate
4

(o}
)\O/EA
cis—-2-penten-1-yl acetate
5

1

2,5-dimethylpyrazine
6

Conventional organic synthesis procedures
were used to obtain components 1 through
6 for authentication as well as biological
tests.

Although the urines from either singly
caged or group-caged adrenalectomized fe-
males did not elicit the puberty-delay effect
(see Table 1), spiking the urines of adrenal-
ectomized animals with components 1
through 6 at the levels approximating their
natural content (29) led to a full recovery of
biological activity (Table 2). Components 1
through 6 belong to three structurally dis-
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Table 2. Mean (in days) of the first vaginal estrus (= SEM) for young female mice painted daily on the
external nares with excreted urine from adrenalectomized females mixed with compounds 1 through 6
or water (control). Those means not marked with the same superscript letter (a, b, ¢, d, or ) are
significantly different at the P = 0.005 level: Duncan’s new multiple range test, F(df 10,386) = 21.95;

P < 0.005.
Treatment n Mean day to
reach first estrus
March
Water (control) , 30 28.8* (0.3)
Compounds 1, 2, and 3 (ketones) 30 29.8°°(0.3)
February
Water (control) 30 29.8%(0.3)
Compounds 4 and 5 (acetate esters) 30 31.3%°(0.3)
Compound 6 (pyrazine) 30 32.2¢ (0.3)
March
Water (control) 30 29.8%<(0.2)
Compounds 4, 5, and 6 30 31.5° (0.3)
June
Water (control) 29 27.4% (0.5)
Water plus compounds 1 through 6 29 30.1°40.5)
November
Water (control) 65 28.5° (0.3)
Compounds 1 through 6 64 32.2° (0.3)

tinct classes of compounds: (1) ketones, (it)
acetate esters, and (iii) pyrazine. We exam-
ined the effect of the addition of the three
classes of compounds individually to the
urine of adrenalectomized female mice to
determine whether the biological response is
due to a single chemical. Statistically signifi-
cant effects appear to be due to the pyrazine
derivative alone and to the acetates, or to
both types of compounds together, but not
to the ketones alone (Table 2). A continu-
ous use of controls (treatment with water)
has minimized variations in the first day of
estrus throughout a prolonged overall test-
ing period. The significant differences be-
tween the control groups are emphasized by
seasonal variation in the time needed for
young female mice to reach puberty (20).

Perhaps the most striking result from the
experiments summarized in Table 2 is the
fact that the synthetic mixture of these six
compounds, in water solution in the con-
centrations mimicking their natural levels in
the mouse urine (29), is biologically active.
We have recently described that two syn-
thetic male mouse urinary components, 3,4-
dehydro-exo-brevicomin and 2-sec-butyl-4,5-
dihydrothiazole, induce aggression in other
males (25) and preferential sniffing in fe-
males (26); however, the substances were
behaviorally active only when presented in
the overall context of urinary odors but not
in pure water.

Puberty delay by urinary cues from female
Mus musculus has been widely documented
under laboratory conditions; similar phe-
nomena appear to operate in other rodent
species as well (12, 30). The results of
Massey and Vandenbergh (8), obtained
from studies of the urines of wild mice living
in feral populations (isolated “highway is-
lands™) of different population density, sup-

port the notion of a broader ecological
significance of the puberty-delaying signal.
Perhaps the substances identified in this
work could be used in rodent pest control.

Thus far, we have been unable to demon-
strate any significant quantitative chemical
differences between the urinary volatiles of
singly caged and group-caged female mice.
Although an association between the puber-
ty-delaying factor and the adrenal function,

.as observed by Drickamer and Mclntosh

(14), has been corroborated and supported
by chemical evidence in the present study,
the question remains unanswered whether
the adrenally mediated stimuli are synony-
mous with or different from the naturally
occurring pheromone or pheromones.
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Transfer of Agrobacterium DNA to Plants Requires a
T-DNA Border But Not the »#E Locus

RicHARD C. GARDNER* AND Vic C. KNAUF

Agrobacterium tumefaciens induces tumors in plants by transferring and integrating
oncogenes (T-DNA) into the chromosomes of host plant cells. Agrobacterium strains
were used to transfer complementary DNA copies of a potato spindle tuber viroid
(PSTV) to plant cells at a wound site on tomato plant stems. Subsequently, infectious
viroid RNA was found in the leaves of these plants, ifidicating systemic PSTV
infection. This process utilized the T-DNA transfer mechanisms of Agrobacterium
since PSTV infection required most virulerice genes (pi#) as well as one of the DNA
sequences that flank either side of the Agrobacterium T-DNA. However, transfer still
occurred from virE mutants of Agrobacterium, strains that fail to induce tumors even
though a completely functional T-DNA is present. The vi#E gene seems to be directly
involved in the integration of foreign DNA into plant chromosomes.

\ ROWN GALL DISEASE IS MEDIATED
by the expression of T-DNA onco-
genes introduced into the plant host

by Agrobacterium tumefaciens (1). The T-
DNA in the bacterial host resides on a Ti
(tumor-inducing) plasmid that contains oth-
er genetic loci (vir) that are required for
virulence (2). The boundaries of the portion
of the plasmid constituting T-DNA are
marked by DNA sequences termed border
sequences (3). The requiremeént for border
sequences and the p genes has been estab-
lished by assaying gall formation (2, 4-8).
However, determining the functional roles
of these elements in transformation requires
an assay for intermediate steps in the pro-
cess.

It has been shown (9) that Agrobacterium
with multimeric complementary DNA
(cDNA) copies of potato spindle tuber vi-
roid (PSTV) (10, 11) in the T-DNA result-
ed in systemic infections by PSTV when the
bacterial strain was inoculated onto témato
plants, a natural host of PSTV. Mock-inocu-
lated tomato plants and tomato plants in-
oculated with Agrobacterium lacking viroid
cDNA did not show the presence of viroid
or viroid symptoms. Although other expla-
nations are possible, these results suggested

Calgene, Inc., 1920 Fifth Street, Davis, CA 95616.

*Present address: Department of Cell Biology, Universi-
ty of Auckland, Private Bag, Auckland, New Zealand.
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that the PSTV ¢DNA copics were trans:
ferred to the plant and subsequently tran-
scribed into infectious RNA or that the T-
DNA was transferred as an RNA intermedi-
ate containing infectious PSTV genomes. In
either case, the infection process would not
require T-DNA integration. The data de-
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scribed below indicate that the infection
process does indeed require Agrobacterium
T-DNA transfer and that this PSTV assay
may separate the T-DNA transfer and inte-
gration events.

To examine the feasibility of this assay, we
have used a binary vector system to intro-
duce viroid cDNA into Agrobacterium (Fig.
1). Plasmid pCGN201 contains trimeric
PSTV DNA located between the left and
right borders of the T-DNA. This widé host
range plasmid was conjugated into a viru-
lent A. tumefaciens strain A722 containing
the octopine-type Ti plasmid pTIA6NC (6),
and into a nontumorigenic strain, PC2760-
pAL4404 (12), which contains a Ti plasmid
that has v loci but no T-DNA. As expect-
ed, only the wild-type A722 strain caused
tumors on tomato plants. However, all
plants inoculated with either strain showed
typical symptoms of systemic PSTV infec-
tion after 10 to 12 days. The consistent
appearance of PSTV symptoms shows that
this assay is a sensitive indicator of DNA
transfer, since the transfer from Agrobacteri-
wm must be limited to a fairly small number
of cells around the wound site. Infections
were verified by hybridization analysis (Fig.
2). _

To examine the role of the T-DNA bor-
ders in the process of infection; we inserted
the PSTV-containing plasmid into wide
host range plasmids that contained two bor-

Fig. 1. The role of border sequences in PSTV
infection induced by strains of Agrobacterium. The
structure of the wide host range plasmids contain-
ing PSTV trimeric DNA and combinations of the
T-DNA borders is shown: the thin line refers to
the pRK290 vector; the filled box is the
pCGN163a containing the PSTV trimer; open
boxes designate borders, drawn in the same orien-
tation as they are present in the T-DNA. Each
transconjugant ‘was inoculated on at least six
tomato plants  (Lycopersicon  esculentum  cv.
Rutgers) grown in a growth chamber. Plants were
scored for symptoms of systemic PSTV infection
(epinasty and rugosity) after 14 to 18 days. The
pCGN211la and pCGN211b contain a Hind III
fragment from pTiC58 (I) containing the right
T-DNA border; all other constructs with borders
contain the left or right border regions of the Ty -
DNA from pTiA6 (1). Details of the construction
of these plasmids are available from the authors.
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