sulin secretion is correlated with the
change in the gap junctions. It is also un-
certain whether the increase in the num-
ber and size of gap junctions is a cause or
a consequence of the modified secretory
activity of the B cells. That hormones
can modulate the development of gap
junctions has been reported for other se-
cretory systems (/3).

If the gap junctions evaluated between
B cells are permeable, the likely func-
tional consequence of their increase is an
enhancement of the exchange of ions and
small molecules (ionic and metabolic
coupling) between adjacent stimulated B
cells (9, 14). Since there is morphological
evidence that the gap junctions of gli-
benclamid-treated islets are permeable
structures (/5), the correlation observed
between the development of gap junc-
tions and the functional state of B cells
indicates (/-3) that a modulation of di-
rect intercellular communication may
participate in the regulatory system by
which B cells adjust their level of activity
in relation to need.
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Specific Antibodies: A Potential Insecticide

Abstract. When tsetse flies are fed on human blood, the hemolymph of the flies
contains human albumin. If the flies then ingest antibodies to human albumin, they
die within a short time. The albumin fraction in their hemolymph disappears and

osmoregulation is severely disturbed.

Many insects are able to absorb orally
administered antibodies. Antibodies to
muscles or nerves of the flesh fly Sarco-
phaga falculata Pand., when fed to the
flies, were found to be attached specifi-
cally to the tissue that had served as anti-
gen (/) and interfered with the growth
and function of these tissues (2). Anti-
bodies to symbiotic microorganisms of
the tsetse fly Glossina morsitans morsi-
tans Westwood, when fed to the flies,
were absorbed by the mycetocytes, spe-
cialized midgut cells, and caused elim-
ination of the symbionts (3).

These results suggested the possibility
of using antibodies as a potential tool for
the control of blood-feeding insects, for
example, tsetse flies. Albumin was se-
lected as an antigen for the following rea-
sons. (i) Albumin is a constituent of the
diet of tsetse flies that is essential for
their reproduction (¢, 5). (ii) Tsetse flies

Table 1. Ionic concentrations and osmotic
pressure in the hemolymph of experimental
and control flies (about 20 flies in each group).

Experi- Control
mental flies
flies
Sodium (mM) 360 150.7
Potassium (mM) 80 3.32
Osmotic pressure 620 345

(mosmole)
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are able to absorb undigested albumin
from the gut into the hemolymph ).
Flies fed on human blood contain human
albumin in their hemolymph. Human al-
bumin disappears from the hemolymph
and is replaced by bovine albumin when
the flies are fed on bovine blood. (iii) Al-
bumin is an easily available antigen.

An antiserum was produced by inject-
ing human albumin intramuscularly into
rabbits. Injections were repeated at in-
tervals until an antibody titer of 1:40 was
achieved (as indicated by Ouchterlony
tests). After the antiserum had been
withdrawn from the rabbit, the albumin
was removed by affinity chromatography
with Affigel Blue (Bio-Rad). This albu-
min-free antiserum was fed to tsetse
flies, G. m. morsitans, through a mem-
brane feeding system (7), with the use of
a silicone rubber membrane (8). All of
the flies that had previously been fed on
human blood, and therefore contained a
human albumin fraction in their hemo-
lymph, died within 2 hours after becom-
ing engorged with the antiserum. Their
metabolism seemed to be severely dis-
turbed, since the transport of the
meal from the crop to the midgut was
suppressed and no primary excretion
could be observed. Sodium dodecyl
sulfate-polyacrylamide gel electrophore-
sis showed that the albumin fraction
was eliminated from the flies” hemolymph,
apparently as a result of precipitation by
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the antibodies to albumin absorbed from
the gut.

To determine whether the elimination
of albumin from the hemolymph disturbs
the osmoregulation of the flies, as in-
dicated by the suppression of crop emp-
tying and primary excretion, we ana-
lyzed the sodium and potassium concen-
trations of the hemolyph. Hemolymph
from about 20 flies was pooled and ana-
lyzed with a spectrophotometer (Eppen-
dorf, FCM 6342); results were compared
with those of a control group (Table 1).
The concentrations of both sodium and
potassium were greatly increased in the
experimental flies. Consequently the os-
motic pressure of the hemolymph was in-
creased. As these parameters are very
constant in tsetse flies, even during rapid
diuresis (9), which follows immediately
after the ingestion of a blood meal, it is
apparent that the absence of the albumin
fraction harms the osmoregulatory ca-
pacities of the flies.

The possibility that the albumin-free
antiserum itself had a harmful effect on
the flies was tested in a control experi-
ment with flies that had previously been
fed on bovine blood. These flies did not
show any visible disturbance after en-
gorgement with the antiserum.

These experiments show that it may
be possible to use antibodies as a biologi-
cal insecticide. If a proper antigen is se-
lected for the production of antibodies, a
single blood meal is lethal. Although al-
bumin is an easily available antigen, the
use of antibodies to albumin is not practi-
cal because the antiserum is effective on-
ly if its own albumin is removed. If flies
are fed directly on the ear of the immu-
nized rabbit, the absorption of antibodies
to human albumin can be compensated
for by the absorption of rabbit albumin.
It may be possible to use antibodies for
insect control providing antigens are
found that give rise to antibodies that in-
terfere with the metabolism of a target
insect and that can be utilized on a large
scale.
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Carbon Dioxide Sensitivity of Mosquitoes Infected with

California Encephalitis Virus

Abstract. Four species of mosquitoes became sensitive to carbon dioxide approxi-
mately 3 to 4 days after they received intrathoracic injections of California encepha-
litis virus. Aedes melanimon and Aedes dorsalis infected orally with California en-
cephalitis virus also became carbon dioxide-sensitive, but mosquitoes infected trans-
ovarially did not. Sensitivity to carbon dioxide was inhibited by antiserum to
California encephalitis virus. To our knowledge this is the first report of carbon diox-
ide sensitivity induced in arthropods by a bunyavirus and the first demonstration of
this phenomenon by an arbovirus in its proven vector.

It has long been recognized that fruit
flies of the species Drosophila melano-
gaster, when infected with certain virus-
es, become paralyzed if they are exposed
to CO, (/). The effect caused by sigma
virus has been studied the most (2); but
other rhabdoviruses also induce CO,
sensitivity—vesicular stomatitis (VS)
@), Piry @), Chandipura ), spring vi-
remia of carp (SVC) (5), and pike fry
rhabdovirus (PFR) (5). Iota virus, a
member of the family Picornaviridae, al-
so causes CO, sensitivity in male D. me-
lanogaster (6).

In our routine use of CO, to anesthe-
tize mosquitoes during arboviral studies
we noticed that Aedes dorsalis infected
with California encephalitis (CE) virus
(Bunyaviridae) frequently failed to re-
vive after CO, anesthesia. This suggest-
ed that CE virus had induced CO, sensi-
tivity in mosquitoes and a study of this
phenomenon was initiated.

Six isolates of CE virus from Aedes
melanimon were pooled (each isolate

Table 1. Carbon dioxide sensitivity in Aedes
and Culex mosquitoes infected with CE virus.
Infection status was determined by plaque as-
say in Vero cells, and CO, sensitivity was de-
termined 4 to 10 days after intrathoracic in-
oculation and 9 to 28 days after pledget feed-

ing. Symbols: +, sensitive; +/-—,
questionable; —, nonsensitive.
Infec- Numbt?r of
Mosquito tion mosquntf)(?s
species sta- COz-sensm\i
tus + +/- —
Infection by intrathoracic inoculation
A. dorsalis* + 30 0 0
A. dorsalis* 0 0 0 38
A. dorsalist + 11 0 0
A. dorsalist 0 0 0 20
A. melanimont + 8 0 0
A. melanimont 0 0 0 8
A. triseriatus* + 10 0 1
A. triseriatus* 0 0 0 16
C. tarsalis* + 21 0 1
C. tarsalis* 0 1 0 34
Infection by feedmg on gauze pledgets
A. dorsalis* 10 1 1
A. dorsalis* 0 0 0 8
A. melanimont + 5 2 2
A. melanimont 0 0 1 37

*Laboratory colony. tField-collected adults.
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had been passed one time in A. dor-
salis); this virus is here referred to as
CE-WT. Mosquitoes were infected with
CE-WT virus by intrathoracic inocula-
tion (7), ingestion from gauze pledgets
soaked with a suspension of virus in
defibrinated rabbit blood and sucrose, or
transovarial transmission. After infec-
tion or hatching of the eggs all mos-
quitoes were held in an insectary main-
tained at 27°C and a relative humidity of
80 percent.

Adult mosquitoes were tested for sen-
sitivity 4 to 10 days after intrathoracic in-
oculation by introducing CO, into the
0.5-liter cardboard holding containers for
approximately 20 seconds at ambient
room temperature (22°C). The CO, was
from a pressurized cylinder and was hu-
midified by bubbling through water.
Nonsensitive mosquitoes revived within
a few minutes after removal from the
CO, atmosphere, and by 5 to 10 minutes
after exposure they showed no notice-
able effect. The CO,-sensitive mos-
quitoes continued to lie on their backs or
sides, occasionally with leg or wing
movements, and were unable to right
themselves. In some experiments, par-
ticularly those done three days or less
after inoculation at 15 or more days after
infection, some of the mosquitoes were
able to get back on their feet and walk
but could not fly, or would ‘‘hop’’ and
then fall. These mosquitoes were desig-
nated questionably sensitive (+/-). The
infection status of each mosquito was de-
termined by plaque assay in Vero cells
®).

The CE virus produced CO, sensitivi-
ty in all mosquito species that had been
infected by intrathoracic inoculation 4 to
10 days previously. These species in-
cluded: A. dorsalis, A. melanimon,
Aedes triseriatus, and Culex tarsalis
(Table 1). Sensitivity to CO, occurred in
both field-collected and laboratory-colo-
nized mosquitoes, indicating that CO,
sensitivity was not an artifact of labora-
tory colonization.

Since intrathoracic inoculation is an
abnormal route of infection, A. dorsalis
and A. melanimon were infected by al-
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