a) HTLV-1II LTR

Fig. 4. (a) Sequence ho-
mology between the
HTLV-III LTR and the
TCGF gene. (b) Se-
quence homology be- b)
tween the HTLV-III
LTR U3 region and the
TCGF gene. (c) Se-
quence homology be-
tween the HTLV-II  ©)
LTR U3 region and hu-
man y-IF. (d) Sequence
homology between

HTLV-III U3 and BLV ) 8LV U3
U3 regions. (e) Sequence
homologies among the HTLV-III U3

U3 regions of HTLV-I,

HTLV-II, and HTLV-
III. Gaps were intro- e)HTLV-I U3
duced during complex
analyses, to maximize HTLV-IT U3
the homologies (35). HTLV-III U3

immediately downstream from an en-
hancer-like sequence GTGGTTA.

Since the TCGF and v-IF genes are
expressed exclusively in T cells, and
since the regions of homology are locat-
ed downstream from their potential en-
hancer signals, the corresponding se-
quences in the HTLV-III LTR could
play some role in host cell tropism or
transcriptional regulation of this virus.

Some general features of the HTLV-
IIT LTR are similar to those of HTLV-I,
HTLV-II, and BLV. A 62 percent ho-
mology was found between HTLV-III
U3 and BLV U3 sequences (15) that
include the functional promoters of both
viruses (Fig. 4d).

Homologies of 61 and 55 percent were
also found between HTLV-III and
HTLV-I and HTLV-II U3 sequences,
respectively (11, 12). These sequences
include the functional promoter signals
of HTLV-I and HTLV-II and a promot-
er-like signal of HTLV-III U3 (AA-
TAAA) (Fig. 4e) (position 527 in Fig. 2).
One can speculate that this promoter-
like sequence was actually utilized in an
ancestral virus. If so, the R region of this
virus would be extended and thus be
more similar in length to those of HTLV-
I, HTLV-II, and BLV. Furthermore, in
this extended R region a stable loop
structure would be positioned similarly
to those shown for HTLV-I, HTLV-II,
and BLV (11, 12, 15). These structural
analogies suggest that HTLV-III has
evolved from the same ancestor as other
members of the HTLV/BLYV family. The
functional role of the transcriptional reg-
ulatory sequences in U3 as well as the
involvement of the LTR in the cytopath-
ic effect of HTLV-III remain to be dem-
onstrated.

The recent finding of similarities be-
tween HTLV-III and visna virus in mor-
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TCGF

HTLV-IIT LTR 152
TCGF 1656

HTLV-IIT LTR 324

180  AAT AAAGGAGAGAACACCAGCTTGTTACA 208
139 AAAGAAAGGAG GAAAAACTGTTTCATACA 167

AGTTGAGCCAGAGAAGATAGAA GAA 176

AGTTGTGCCAGTTAAGAGAGAATGAA 1681

AACTG CTGA TATCGAGCTTGCT 345

IF 627  AAATGACTGAATATCGA CTTGCT 649

152 TGCTGA CCTCA  CCTGCTGATAAATTAA 178

405  TGGCGAGCCCTCAGATCCTGC ATA TAA 431

307  AATAAACTAGCAGGAGTCTATAAAAGCGTGG 337
268  AATAAAAGATGCCGAGTCTATAAAGGCGCAA 298
172 GATAAGGTAGAAGAGGCCAATAAAGGAGAGA 192

phology, cytopathic potential, ability to
infect brain tissue, and nucleotide se-
quence strongly suggests that these vi-
ruses are related (7, 27). It would be of
interest to determine whether the LTR of
visna is similar in structure to the LTR of
HTLV-IIL.
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The Pollination of Zygogynum (Winteraceae) by a Moth,

Sabatinca (Micropterigidae): An Ancient Association?

Abstract. The primitive and vesselless angiosperm Zygogynum (Winteraceae),
which is restricted to New Caledonia, is pollinated by a moth, Sabatinca (Micropteri-
gidae). Fossil records of both the moth and the plant families extend to the Early
Cretaceous. Adult Sabatinca have grinding mandibles and usually feed on the spores
of ferns and on pollen. The insects use the flowers as mating sites and eat the pollen
which is immersed in a dense pollenkitt. This mode of pollination in which flowers
serve as mating and feeding stations with floral odors acting as cues may have been
common in the early evolution of flowering plants.

A complex flower-insect relation be-
tween two groups of archaic organisms
in New Caledonia has been elucidated by
field observations and chemical analysis
of the flower odors. The life cycles of

specific moths (Sabatinca) and trees (Zy-
gogynum) are linked; aggregations of
moths use the flowers as mating and
feeding stations, and their activities re-
sult in pollination. This interaction is
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particularly important since both genera
belong to families with fossil records
extending to the early Cretaceous (1, 2).

Micropterigid moths occur throughout
the world with a concentration in the
Southwest Pacific (3). In the fossil rec-
ord the family is represented from Eo-
cene Baltic amber and Early Cretaceous
Lebanese amber (Aptian and Neoco-
mian), the latter being the earliest known
lepidopteran record. The fossil genus
Parasabatinca from Lebanon is similar
to the extant genus Sabatinca from New
Zealand and New Caledonia, differing in
only minor characteristics (/). The
moths are small (5- to 15-mm wingspans)
(Fig. 1) and have grinding mandibles,
which they use to eat pollen and the
spores of ferns. The larvae browse on
liverwort thalli, angiosperm seedlings, or
detritus (and possibly fungi) within soil
and rotten logs.

Zygogynum consists of about seven
species (4) all endemic to New Caledo-
nia; it is one of ten genera of vesselless
angiosperms. Winteraceae, like the Mi-
cropterigidae, are thought to represent a
relictual assemblage with a fossil record
from the Aptian-Albian of Israel (late
Early Cretaceous). This is the earliest
known record of an extant family of
magnoliod angiosperms (2).

Zygogynum species are small ever-
green trees (~4 to 8 m tall) that occur
throughout the moist-tropical forest of
New Caledonia (¢). We studied popula-
tions of Z. baillonii v. Tieghem in the
Dzumac mountain range (800 to 950 m)
and Z. bicolor v. Tieghem on Plateau du
Dogny (850 to 1000 m). Both species are
allopatric and differ in their flowering
periods. Zygogynum baillonii flowers
from April through December peaking in
November and Z. bicolor from August to
January peaking in the last 2 months of
the season. Although both species pro-
duce abundant flower buds, the number
of open flowers displayed per tree per
population daily, throughout the flower-
ing season, is extremely low (Table 1).
The functional floral life-span of the pro-
togynous, nectarless flowers is 2 days
with an individual plant producing all
female- or all male-phase flowers on a
given day; these adaptations enforce out-
breeding.

The female-phase flowers (those in the
first day) emit a strong fragrance; the
yellow-red flowers of Z. baillonii pro-
duce a “‘burnt orange’’ fragrance where-
as the red-white flowers of Z. bicolor
smell ‘“‘musty.”” They bear receptive
stigmas, but their anthers remain inde-
hiscent. No edible reward is available to
the insects during this floral phase. The
flowers are fragrant throughout the day
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Table 1. Flower production and insect activity
in a population of 16 trees of Zygogynum
baillonii on Mount Dzumac in 1983. Two
other populations on Mount Dzumac and one
on Montagne des Sources displayed a similar
flowering pattern and insect activity. Popula-
tions of Z. bicolor also conform to this pat-
tern.

Trees
(11);;;) i Fan” Moths e
flower
28 Oct. 2 3 1 1
9 Nov. 3 5 50 1
14 Nov. 2 2 30 0
16 Nov. 2 2 21 0
17 Nov. 3 3 29 0
19 Nov. 1 3 31 0
29 Nov. 2 2 S 0
30 Nov. 2 2 0 0
8 Dec. 4 4 0 1
28 Dec. 1 1 1 0
4 Jan. 2 2 0 5

but the floral odor ceases when the pet-
als close in the evening (5). The odor
recommences during the male phase (be-
ginning the second day) after the second
expansion of the petals at about 7 a.m.
This is always accompanied by the
spreading and elongation of the stamens
which extrude pollen through terminal
slits (¢). The pollen hangs in strands,
often gradually accumulating at the base
of the petals. At the end of the day the
petals and stamens usually abscise leav-
ing the central gynoecium of fused car-
pels with their crusty black or brown
stigmatic crests. These floral movements
probably operate by water pressure (6).

The anthers produce such a copious
pollenkitt that the pollen tetrads (30 to 40
pm in diameter) are virtually embedded
in an oily matrix which stains positively
for lipids with Auramine O and Scarlet
R. The lipid coat serves as a food for the
moths and encourages successful attach-
ment of the tetrads to the insect’s body.

Fig. 1. Male phase flower of
Zygogynum baillonii with
Sabatinca sp. removing pol-
len from the stamens; arrow
indicates a stigma (xX~1.2).

During the process of feeding, the mix-
ture of pollenkitt and tetrads adheres to
the moth; the coat dries to an elastic,
white-colored substance.

The male and female moths, an unde-
scribed species of Sabatinca, congregate
on opening buds in numbers of up to 30
or more (Table 1). The insects rapidly
crawl over the flower, twigs, and leaves
in the general area of the flower. At
times all the moths are stationary. Even-
tually, an individual begins to crawl rap-
idly in counterclockwise looping circles,
usually on a leaf. Other individuals then
begin to crawl in similar patterns until
most of the individuals are moving about
rapidly. After a few such loops the moths
mate. The moths also crawl inside and
on the outer surface of the flower and it
is not unusual to find 7 to 10 moths in
either a male- or female-phase flower;
the mating behavior occurs on both male
and female flowers of Z. baillonii and Z.
bicolor. The moths are strong fliers for
their size and, upon the slightest distur-
bance, cease their activities. In many
instances, they leave in a tight-flying
group and may well visit flowers as a
swarm.

The moths eat the pollen-matrix of
male-phase flowers. Their wings, legs,
and lower abdomen become coated with
oily tetrads. Even when all the extruded
pollen has been consumed, the moths
continue to visit each stamen, removing
the few stray tetrads. The moths were
never observed feeding on the stigmatic
crests. When the moths finally leave a
male-phase flower, it has been denuded
of pollen. If the moths visit female-phase
flowers next, they will crawl over the
stigmatic crests searching for pollen or
mates, and thus pollinate the flowers (5).
Coleoptera have been collected in flow-
ers of both Zygogynum species, but their
occurrence is most infrequent and they

541



cannot be considered primary pollen
vectors (Table 1). Fruit production is
hard to determine quantitatively, since
maturation takes over a year while the
successive stages are hard to discern;
however, it appears safe to claim that it
is low. The percentage of flowers setting
fruit is estimated to be 2 or 3.

Opening floral buds produce a strong
fragrance which apparently serves as the
primary attractant. At this early stage of
anthesis the colorful petals are not visi-
ble yet 5 to 10 moths may gather on these
buds. The female-phase flowers are de-
void of the edible reward (pollen matrix).
In a sense, the attraction of the moths to
such flowers amounts to ‘‘pollination-
by-deceit,”’ as reported in some Acacia
species in Australia (7). The floral odor
of Zygogynum must act as an assembling
scent that attracts both male and female

moths, both of which assemble on the
open flowers. The unusually low number
of flowers presented on the trees at any
one time enhances this process by con-
centrating a majority of the moths in the
area on relatively few flowers and en-
courages trapline foraging.

The same species of Sabatinca has
been recorded from flowers of both Z.
baillonii and Z. bicolor. The chemical
composition of the floral odors of the
species has been determined (8) and is
presented in Table 2.

Micropterigid moths are also attracted
to the pink-yellow flowers of Exosper-
mum stipitatum (Baill.) v. Tiegh. ex
Pilger (orange-banana fragrance) (9), the
sole species of another genus of Winter-
aceae, also endemic to New Caledonia,
and closely related to Zygogynum.
Moths, however, cannot gain entry to

Table 2. Volatile components of Zygogynum bicolor, Z. baillonii, and Exosperum stipitatum
collected from flowers in different phases. Abbreviations: T, terpenoids; F, short chain fatty
acid derivatives; B, benzoid compounds; and Tr, trace (from selective ion monitoring).

Percentage in

Retention Com-
Compound time pound Z. Z. bail-  E. stipita-
(minutes) class bicolor lionii tum
Ethyl acetate 3.5 F 81 31 80
Propyl acetate 5.4 F 0.4 0.2 1.8
2-Methylpropyl-acetate 6.4 F 0.5 27 8.1
a-Pinene 6.5 T 3.0 <0.1 Tr
Camphene 8.1 T <0.1 Tr
Butyl acetate 8.3 F <0.1 Tr Tr
2-Methyl-1-propanol 8.4 F 0.2 Tr
B-Pinene 9.3 T 0.9 Tr
2-Methylbutyl acetate 9.6 F 0.6 4.0 3.8
3-Carene 10.5 T 0.6 <0.1
Myrcene 11.1 T 0.5 <0.1 Tr
a-Phellandrene 11.2 T 0.6
2-Methyl-1-butanol 12.2 F <0.1 Tr
Limonene 12.3 T 3.0 <0.1 <0.1
B-Phellandrene 12.4 T 2.9
cis-B-Ocimene 13.3 T 0.2 0.1
trans-B-Ocimene 13.6 T 0.5 <0.1
Hexyl acetate 14.3 F <0.1 <0.1 <0.1
Dimethylbenzene isomer 14.4 B 0.7 Tr
Terpinolene 15.0 T 0.4 Tr
6-Methyl-S-hepten-2-one 16.3 T 0.2
Unidentified (related to 17.5 T 0.2
6-methyl-S-hepten-2-ol)
6-Methyl-S-hepten-2-yl acetate 18.5 T 34
Acetic acid 19.2 F 0.2 <0.1 <0.1
6-Methyl-S-hepten-2-ol 19.5 T 0.7
Linalool 22.0 T 0.2 <0.1
Caryophyllene 24.0 T 0.2 <0.1
Humulene 25.5 T <0.1 <0.1
Unidentified sesquiterpene 26.5 T <0.1 <0.1 0.2
a-Farnesene 27.3 T 0.3
(E)-6,10-Dimethyl-5,9- 29.5 T <0.1 <0.1
undecadien-2-one
(Geranylacetone)
(2)-6,10-Dimethyl-5,9- 30.0 T <0.1 <0.1
undecadien-2-yl acetate 30.4
(E)-6,10-Dimethyl-5,9- 31.2 T <0.7 <4.1
undecadien-2-yl acetate
(Z)-6,10-Dimethyl-5,9- 31.2 T <0.1
undecadien-2-ol
(E)-6,10-Dimethyl-5,9- 31.5 T <0.1

undecadien-2-ol
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the female-phase flowers of Exosper-
mum because the inner petals do not
open but instead form a chamber around
the gynoecium. Beetles enter the floral
chamber by way of the overlapping petal
seams and pollinate these flowers. The
chemical compositions of the floral
odors of E. stipitatum and Z. baillonii
and Z. bicolor are quite similar consider-
ing the number of compounds shared and
the classes of chemicals (Table 2). All
species attract beetles and moths, but
the functioning of their flowers deter-
mines the mode of pollination.

A surprising number of magnolioid
flowers exhibit pollination in which the
floral odor attracts large numbers of in-
sects to the flowers where they remain
for substantial periods of time, using the
flowers as sites for mating, feeding, and
subsequent pollination (10). Indeed, this
mode of pollination may have been com-
mon in the early evolution of the angio-
sperms (/1).
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Transovarial Transmission of Murine Typhus Rickettsiae in

Xenopsylla cheopis Fleas

Abstract. It has been generally accepted that infected fleas do not pass on
Rickettsia mooseri, or indeed any other known pathogen, to their progeny. It is
reported here that such transovarial transmission does occur in laboratory-infected
Xenopsylla cheopis fleas. By means of the direct fluorescent antibody test, Rickett-
sia mooseri was observed in cells of the hemolymph of infected fleas. As many as 11
percent of the adults and 2.9 percent of the larvae of the generation reared
therefrom, had demonstrable rickettsiae. Mareover, batches of the F; fleas were
capable of transmitting the infection to more than 18 percent of the rats they
infested. The data support the contention that Xenopsylla cheopis fleas play an
important role in the maintenance of murine typhus in rats in nature.

In the classical studies on murine ty-
phus that incriminated fleas, particularly
Xenopsylla cheopis, as vectors, it was
reported that infected fleas do not trans-
mit the etiological agent, Rickettsia typhi
(referred to here as R. mooseri), to their
progeny (/). This statement has re-
mained unchallenged for more than 50
years (2, 3).

It has become generally accepted that
all the other microbial pathogens of hu-
mans that are transmitted by fleas also
remain wholly restricted to the confines
of the alimentary canal while resident in
the flea, thereby excluding the possibili-
ty of transovarial transmission (TOT) (4,
5). This so-called gut barrier has even
been proposed as the reason why fleas
do not serve as true vectors of vi-
ruses (4), which, like rickettsiae, are
intracellular parasites. Since TOT occurs
in at least 7 of the 15 arthropod-borne
rickettsial diseases of man or domestic
animals, it is somewhat surprising that
over so many decades no questions
have been raised about the purportedly
invincible nature of the barrier posed to
human pathogens by the gut of fleas.
In this report we present evidence that
not only may transovarial transmission
of R. mooseri to the next generation take
place, but that the F, fleas are capa-
ble of transmitting the infection to
rats.

Murine typhus is believed to be con-
tracted by contact with the crushed bod-
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ies or feces of infected fleas and not by
the bite of these insects. In earlier papers
(6, 7), in which we presented details on
methodology, we confirmed that when
X. cheopis fleas are infected with R.
mooseri, the rickettsiae penetrate and
develop in the cells of the midgut epithe-
lium, the only part of the intestine that
lacks a cuticular lining. It seemed likely
that any escape of rickettsiae from the
gut would have occurred when the infec-
tion had become so massive that the
lumen of the midgut and hindgut were
packed with the organisms. We could
even observe rickettsiae in the proven-
triculus and foregut about 15 days after
the fleas had fed on infected rats or later
).

In the present study, 17 percent (10 of
60) of the smears of the hemolymph of

fleas examined 19 to 22 days after they
had fed on infected rats were positive for
intracellular rickettsiae by the direct flu-
orescent antibody test (DFA), whereas
no rickettsiae were observed in 50 fleas
examined earlier. Further, as shown in
Table 1, not only do some of the progeny
of infected fleas harbor R. mooseri, but
TOT occurred in significantly greater
numbers of offspring derived from eggs
deposited late in the course of the infec-
tion of the parents than from those laid
shortly after the infectious meal; for ex-
ample, 7.5 to 11.3 percent for days 26
and 31, in contrast to 2.9 percent for
days 5 to 11. The corresponding data for
the minimum number of infected F, fleas
in the pools tested are 1 in 125 or 132
compared to <1 in 180 (8, 9).

Further analysis of the data for the
groups 17 to 31 days after infective feed-
ing showed that there were no major
differences between males and females
or between fed and unfed fleas, even
though the fed fleas had an additional 4
to 6 days for the growth of any transo-
varially transmitted rickettsiae (Table 2)
10).

As shown in Table 3, the F, generation
of fleas was capable of infecting rats after
being allowed to infest and feed upon
them during a period of 24 hours. The
highest rates of transmission (15.5 to
18.4 percent) occurred in fleas that had
fed (on uninfected hosts) on one or two
previous occasions and were 7 to 18 days
of age, suggesting that the more time
available for growth of rickettsiae within
TOT-infected fleas, the greater the
chance for transmission of rickettsiae by
those fleas (/1).

Five of the seven known rickettsial
infections in which TOT occurs are
transmitted by ticks and two by mites
(12, 13). This phenomenon has not been
demonstrated in the two that are louse-
borne. In scrub typhus, the trombiculid
vector also serves as the reservoir of the
infection because of TOT in ‘‘naturally

Table 1. Rickettsia mooseri infection rates among F, progeny of X. cheopis fleas reared from
eggs collected at various dates after infection of the parents (8).

Direct fluorescent
antibody test

Mouse antibody test

Days after
infective
Number of fl Num- Number of
feeding of M Percenft- ber Minimum
arental . age o Posi- infecti
p floas Ex- Posi- floas ofef:zas Pools o mf;:act éon
amined tive infected amined tested pools
Sto 11* 305 9 2.9 180 15 0 <1 to 180*
17 493 19 3.8 568 29 4 1to 142
26 252 19 7.5 250 10 2 1to 125
31 398 45 11.3 395 12 3 1to 132
*The apparent discrepancy probably reflects the small number of infected fleas present.
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