Crystals of CT from the above studies
were washed and redissolved, and their
activity was determined in two separate
bioassays. Dose-dependent activation of
rabbit ileal epithelial cell adenylate cy-
clase (27) and dose-dependent induction
of mouse adrenal cell morphological
changes (22) were compared with the
same phenomena induced by CT from
the NIH Cholera Advisory Committee
and that commercially available from
Schwarz/Mann. In the mouse adrenal
cell system, duplicate bioassay of dis-
solved crystals and separated mother li-
quor, in parallel with CT which had not
been manipulated, showed no significant
difference in specific activity. In this as-
say, the transition to observable cell
rounding occurred between 2 and 4 pg
per 250 wl per well with each of the
above CT samples. Complete dose-re-
sponse determinations of the activation
of rabbit ileal epithelial cell adenylate cy-
clase by dissolved crystalline material
yielded a dissociation constant (Ky) of
5 X 107}, in comparison with K, =
5 x 107°M (21) for preparations from
NIH and Schwarz/Mann. Both values
are in agreement with values reported by
Cuatrecasas (23) for the interaction of
CT with fat cell (Kq = 4.6 X 1071°M)
and liver (Kq = 1.1 X 107°M) mem-
brane.

In conclusion, (i) the density of the
crystal is consistent with five, rather
than six, B subunits, and (ii) there is no
expression of a molecular rotation axis in
the symmetry of the crystal lattice. This,
of course, does not rule out rotational
symmetry in the arrangement of the B
subunits which could exist within the
asymmetric unit.
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Infectivity Reacquisition by Trypanosoma brucei brucei

Cultivated with Tsetse Salivary Glands

Abstract. Reacquisition of infectivity for mice was observed in cultures of Tryp-
anosoma brucei brucei grown in the presence of tsetse fly salivary gland explants in a
medium based on the amino acid composition of Glossina hemolymph and con-
taining fetal bovine serum. High infection rates were obtained in mice inoculated
with about 1.5 X 108 organisms. Infectivity reacquisition was correlated with in-
vasion of the salivary glands by the parasites. Few small trypanosomes with subter-
minal kinetoplasts (metacyclic-like forms) were found in the infective inoculums. The
parasitemias in mice consisted of pleomorphic cultivable trypanosomes. Cultures
initiated by these organisms and then placed with the head-salivary gland prepara-

tions became infective for mice.

Trypanosoma brucei brucei, an impor-
tant cause of disease in cattle, consti-
tutes a prime factor in human malnutri-
tion in Africa. Other subspecies of T.
brucei, T. b. rhodesiense and T. b. gam-
biense, cause human sleeping sickness.
Heretofore, infectivity for mammalian
hosts was lost, typically irreversibly, by
subspecies of T. brucei after they were
established in culture. The noninfective
culture forms resemble in their structure
(/) and antigenic composition (2) the
stages of the parasites found in the ali-
mentary tract of their natural vectors,
tsetse flies. Further development culmi-
nating in the formation of metacyclic
trypanosomes infective for mammals oc-
curs in the salivary glands of some of the
flies, but induction of this development
in cultures could not be controlled. In
the present report we describe a method

whereby infectivity reacquisition can be
controlled in T. b. brucei cultures. Our
results can be viewed as a first step to-
ward defining the factors that control the
completion of the parasite’s life cycle to
the infective (metacyclic) stage. The sys-
tem we describe might also lead to devel-
opment of a vaccine against trypano-
somiasis.

Improved methods for the cultivation
of arthropod tissues and organs have fa-
cilitated studies of the vector stages of
various parasites. Records of attempts to
employ tsetse organ cultures to produce
infective stages of salivarian trypano-
somes were published by Trager (3) and
Nicoli and Vattier (4). Using this system
with Trypanosoma vivax, Trager suc-
ceeded in infecting two sheep, but nei-
ther he nor Nicoli and Vattier were able
to infect rats with 7. b. brucei 3) or 7. b.
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Figs. 1 to 5. Photomicrographs of Giemsa-stained 7. b. brucei found in infective inoculums de-
rived from cultures grown in the presence of G. m. morsitans head-salivary gland explants. The

scale in Fig. 2 pertains to all five figures; final magnification in print is about x2770.

Fig. 1.

Epimastigote with the kinetoplast (k) at the level of the nucleus (), a situation often found in
epimastigotes (although somewhat distorted, this organism is shown because it was the most

typical epimastigote stage seen in the preparations examined).
Figs. 3 to 5. Metacyclic-like trypanosomes, with sub-

with a nearly terminal kinetoplast (k).
terminal kinetoplasts (k).

rhodesiense (4) grown with Glossina or-
gans. In other studies (5), negative re-
sults were obtained with regard to infec-
tivity for mice of 7. b. brucei grown for 5
to 20 days with tsetse organ cultures in
modified Trager’s medium (6). As a con-
trol for this method of cultivating saliva-
rian trypanosomes with Glossina organ
cultures, attempts were made (5) to grow
T. b. brucei with mosquito (Aedes ae-
gypti) organ cultures either in Trager’s
modified medium with mosquito pupal
extract or in Schneider’s (7) medium,
both supplemented with 20 percent fetal
bovine serum; the trypanosomes failed
to multiply in these systems. No growth
of T. b. brucei was observed in a system
involving tick (Rhipicephalus appen-
diculatus) organs either in modified
Trager’s medium without pupal extract
or in Varma-Pudney medium 4 8) with
10 percent fetal bovine serum. Evi-
dently, organs from nonvector arthropod
species failed to support growth of the
trypanosomes.

Recently, a medium for the cultivation
of Glossina organs and trypanosomatids
was described (9), which contains salt;
sugar; an organic acid composition simi-
lar to that recommended by Grace (/0),
with amino acid constituents based on
that of tsetse hemolymph (//); and 20
percent fetal bovine serum. This medium
is capable of maintaining tsetse organs
for prolonged periods. It also supports
excellent growth of T. b. brucei culture
forms, which morphologically and anti-
genically resemble the procyclic stages
of this parasite found in the alimentary
tract of the vector. (In the procyclics, the
kinetoplast is located about midway be-
tween the nucleus and the posterior end
of the cell.) The present research was un-
dertaken to ascertain whether, by using
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Fig. 2. Large trypanosome

the new medium for a Glossina salivary
gland-trypanosome system, we could re-
produce that part of the cycle which T. b.
brucei completes in the vector and which
culminates in the formation of the infec-
tive metacyclic stages (short flagellates
with a subterminal kinetoplast).

Newly deposited Glossina morsitans
morsitans pupae (Tsetse Research Labo-
ratories, Bristol, England) were in-
cubated in pots of sterile sand at 28°C
and with a relative humidity of 65 to 80
percent.

Puparia containing flies about to
emerge were surface-sterilized with
White's solution (3) for 15 minutes and
washed several times in insect balanced
salt solution (IBSS) (/2) containing 100
international units of penicillin, 100 ug of
streptomycin, and 10 ug of Fungizone
(for tissue culture; Squibb) per millilter.
The washed puparia were dissected in
IBSS. The heads with attached salivary
glands were removed from the flies and
placed either on 9 by 35 mm cover
glasses in Leighton tubes (henceforth re-
ferred to as tubes) or in 25-cm* Falcon
flasks (henceforth referred to as flasks)
containing about 0.2 and 0.5 ml of cul-
ture medium, respectively. Five head-
salivary gland explants were placed in
the tubes and 13 to 24 explants in the
flasks.

In all experiments, about 0.5 or 1.0 ml
of the culture medium with 108 (per mil-
liliter) completely transformed T. b.
brucei procyclics were added to tubes
and flasks containing the head-salivary
gland preparations. The numbers of tryp-
anosomes increased about 25-fold during
48 hours. The cultures were maintained
by removing the parasite-containing me-
dium and replacing it by an equal volume
of fresh medium every 2 days.

The conditions of experiment 1 are
described separately below. In experi-
ments 2 to 4, the inoculums for mice were
prepared as follows: (i) The trypano-
some-containing supernatant fluids from
cultures with and without obviously in-
vaded salivary glands were pooled, then
centrifuged at about 1100g for 10 min-
utes. (ii) The pellet was suspended in 0.4
to 0.5 ml of medium and inoculated in-
to a mouse via subcutaneous and intra-
peritoneal routes, 0.2 to 0.25 ml by each
route. Mice were injected every second
day, or occasionally daily. The numbers
of infections were calculated for periods
during which the cultures were capable
of producing parasitemias.

All experiments included control mice
inoculated with trypanosomes grown in
the absence of tsetse organs. In most in-
stances, the numbers of the organisms in
the control inoculums equaled those in
the experimental inoculums (see Table
1); some of the former were much high-
er, up to 1.3 X 10° cells. Parasitemias
did not develop in any of the control
mice during the period of observation.
The tail blood from experimental and
control mice was examined every second
day for 25 days.

In experiment 1, bloodstream trypano-
somes from a stabilate derived from a
tsetse-transmissible 7. b. brucei strain
TREU 1193 were established in culture
as described previously (3). Procyclic
stages maintained in the culture medium
alone for periods ranging from 10 days to
7 weeks were added to tubes containing
tsetse salivary glands. After 14 to 30
days, some of the salivary glands and
proboscises became invaded by trypano-
somes. Two or three infected glands
were triturated in 0.4 ml of fresh medi-
um, and the suspension was inoculated
subcutaneously and intraperitoneally in-
to mice. Trypanosome-containing super-
natant fluids from some of the cultures
with infected glands were also inoculated
into mice. Two of the 15 mice injected
with suspensions of triturated glands and
one of the six animals inoculated with su-
pernatant fluids from individual cul-
tures became infected with trypano-
somes.

Experiments 2 to 4 (see Table 1) in-
dicated the following: (i) There is a defi-
nite relation between the time of infec-
tivity reacquisition by the cultures and
that at which the invasion of the salivary
glands by the parasites was first noted.
About 10 percent of the glands were in-
vaded in the course of an experiment. It
is possible, however, that because the
salivary glands were at times concealed
under the heads, the invasions might
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Table 1. Infectivity reacquisition by T. b. brucei cultivated with Glossina salivary glands.

Inoculum size

Experi- Days in culture cil)lrt%?zs Days be- Period - ﬁffl‘g; :5‘
ment With- . set over fore first of'm'fec- Fromup to mice to
num- out With period _ gland tivity many five tubes or total

ber glands glands* (days) tnvaston (days)t ungsig r one flask number
2% 50 20 30 17 30 ~1.5 x 108 ~6.0 x 107 19/23
2/11
38 14 11 4 12 35 ~1.5 x 108 ~6.0 X 107 59
1/8
4 14 109 6 12 17 ~1.5 x 10% 8/11

*Before infectivity restoration.

with bloodstream forms from one of the mice infected in experiment 2.

explants.
mice. For additional remarks, see text.

have started earlier than indicated in
Table 1 and some subsequent invasions
might have been overlooked. (ii) Signifi-
cantly higher infection rates were
achieved in mice receiving large in-
oculums (about 1.5 X 10® organisms) ob-
tained by pooling the trypanosomes from
many cultures than in those given small-
er inoculums (about 6 X 107 organisms)
from one flask or up to five tubes.

Experiment 4 differed from the pre-
ceding two in that it was designed to as-
certain whether infectivity of the para-
sites for mice could be prolonged by
transferring them to flasks with fresh
head-salivary gland explants. Trypano-
somes with infectivity potential obtained
from cultures used for experiment 3 were
added to four flasks containing the ex-
plants. As indicated in Table 1, 10 days
elapsed before these parasites became
infective for mice. It is possible, how-
ever, that this lag period was not real,
because the inoculums used during the
first 10 days after exposure of the tryp-
anosomes to the fresh organ explants
were relatively small, being derived from
one (first inoculation) or two (two follow-
ing inoculations) flasks.

Trypanosomes morphologically simi-
lar to those found in the midgut and
proventriculus of an infected tsetse fly
were the most abundant in Giemsa-
stained smears obtained from the infec-
tive inoculums. There were, however, in
these smears occasional epimastigote-
like forms (Fig. 1) and also a few shorter
organisms with subterminal kinetoplasts
(Figs. 2 to 5); of these latter, many re-
sembled morphologically the metacyclic
stages (Figs. 3 to 5). Stained prepara-
tions of trypanosomes grown without
tsetse organs (control cultures) con-
tained only midgut- and proventricular-
like organisms.

The prepatent periods in the infected
mice ranged from 5 to 8 days and were
followed by relapsing parasitemias. The
course of the infections resembled that
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tPeriods during which the cultures were infective for mice.

of parasitemias initiated in mice by forms
from infected Glossina or of those
caused by strains that underwent only
relatively few mouse-to-mouse syringe
passages after an initial infection by the
vector. The ‘‘culture-transmitted’ tryp-
anosomes were pleomorphic and fully
cultivable. Preliminary agglutination
tests indicate that the predominant vari-
ant-specific antigens of these populations
differ from that of the parent TREU 1193
strain.

Our salivary gland-trypanosome sys-
tem in vitro reproduces to some extent
the conditions prevailing in the vector.
Infectivity reacquisition in cultures coin-
cides with invasion of the salivary glands
by the parasites. Many glands observed
in the course of the experiments became
invaded about 20 days after their expo-
sure to the flagellates. This period corre-
sponds approximately to that required
for the completion of the T. brucei cycle
in the tsetse fly. Smaller inoculums
(about 6 x 107 organisms), containing
triturated glands or derived from the su-
pernatant fluids of the trypanosome-
tsetse organ cultures, were less likely to
give rise to parasitemias in mice than
were large inoculums with about 1.5 X
108 organisms, derived from numerous
cultures. These findings reflect the rela-
tive scarcity of infective forms in the cul-
tures. They correlate well with the re-
sults of microscopic examinations, dur-
ing which few organisms with a
subterminal kinetoplast were noted in
samples of infective material. These ob-
servations and the scarcity of the epi-
mastigote forms in such samples suggest
the existence of certain differences be-
tween our system and that represented
by an infected Glossina. The altered con-
ditions in the explanted salivary glands,
which ceased to contract after about 9
days in culture, might be responsible for
some of these differences.

Only the data of Trager (3) appear to
be directly relevant to our work. He pro-

Cultures initiated from TREU 1193 strain.
i |Trypanosomes from experiment 3 cultures exposed to fresh tsetse head-salivary gland
{There appeared to be a 10-day lag between the time of exposure of the trypanosomes to the tsetse organs and that at which they became infective for

§Cultures initiated

duced T. vivax parasitemias in two sheep
by inoculating them with trypanosomes
cultivated in the presence of tsetse or-
gans in hanging drop cultures. In later
work Trager (/13) obtained cultures of 7.
vivax with large numbers of epimasti-
gotes attached to the fly tissues (espe-
cially peritrophic membrane), but these
cultures were not tested for infectivity.
Although much information is available
on the restoration of infectivity for mice
toT. b. brucei and T. b. rhodesiense cul-
tures grown in blood agar-base media
with various additives (/4), the results
published on this subject are not readily
explicable or entirely consistent. More-
over, in some instances the experimental
parasitemias had unusually long pre-
patent periods, and many of them were
unlike those commonly observed in ro-
dent hosts.

We have developed a culture system
capable of yielding reproducible results
with regard to infectivity reacquisition
by T. b. brucei. The applicability of this
system to other salivarian species and
subspecies should be investigated.
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Sperm Autoantibodies in Vasectomized Rats of

Different Inbred Strains

Abstract. An immune response to antigens of spermatozoa occurs after vasectomy
in rats of some inbred strains, but not in others. Antibodies to rat spermatozoa were
detected by indirect immunofluorescence in some of the serums of vasectomized rats
of the following strains: 80 percent of Lewis, 47 percent of Brown Norway, 13 percent
of Buffalo, 12 percent of Wistar-Furth, and 11 percent of ACI rats. No such anti-
bodies were detected in the serums of vasectomized Fischer, Dark Agouti, and

Sprague-Dawley rats.

Results of studies on the effects of vas-
ectomy in rats are not uniform, some de-
scribing macroscopic or microscopic
changes (or both) in the testes of vas-
ectomized animals (/), others reporting
no alterations (2). This disparity is not
surprising, since these investigations
were performed with different strains of
outbred rats, and the results are there-
fore difficult to compare. Recent investi-
gations have demonstrated that vasecto-
my may be followed by an autoimmune
response to antigens of spermatozoa (3)
and, in rabbits, by an immune complex-
mediated orchitis (¢). It has also been
shown that rats, like mice and guinea
pigs, possess histocompatibility-linked
immune response genes (5) and that the
appearance of some experimentally in-
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duced autoimmune diseases is under ge-
netic control (6-8). For these reasons,
we have investigated the production of
antibodies to antigens of spermatozoa in
bilaterally vasectomized rats of different
strains, namely, inbred Lewis (LEW),
Brown Norway (BN), Buffalo (BUF),
ACI, Wistar-Furth (WF), Fischer
(F344), Dark Agouti (DA), and outbred
Sprague-Dawley rats (9).

A maximum of 80 percent of vasecto-
mized LEW rats had circulating anti-
bodies to rat spermatozoa, detectable by
indirect immunofluorescence (IF) on
sperm smears (/0) (Fig. 1). Similar anti-
bodies were also found in the serums of
47 percent of BN, 13 percent of BUF, 12
percent of WF, and 11 percent of ACI
rats that had been vasectomized. In con-

LEW P BUF ACI
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U1 £344 + SD+DA
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MONTHS AFTER VASECTOMY

trast, vasectomized F344, DA, and
Sprague-Dawley rats did not have anti-
bodies to sperm in their serums. The in-
cidence of antibodies to spermatozoa in
serums of vasectomized rats increased
with time, reaching its maximum at 3
months after vasectomy in LEW, BN,
and ACI and at 4 months in BUF and
WEF (Fig. 1).

Positive reactions obtained with
LEW, BN, ACI, BUF, and WF serums
were localized in the acrosomal region of
rat spermatozoa (Fig. 2) and were ob-
tained with sperm smears from LEW,
BN, ACI, BUF, and WF as well as F344,
DA, and Sprague-Dawley rats. This re-
sult indicates that acrosomal antigens in-
volved in this immune response are pres-
ent even in the spermatozoa of those rats
like F344, DA, and Sprague-Dawley that
did not produce antibodies to spermato-
zoa. The antibodies to sperm in the se-
rums of positive animals were capable of
reacting with spermatozoa from animals
of the same inbred strain and also with
spermatozoa from the positive animals
themselves; thus they can be defined as
autoantibodies.

Titers of antibodies to acrosomal anti-
gens of spermatozoa ranged from 10 (or
less than 10) to 320. The mean titers were
137 = 39 in positive serums of LEW rats
and 48 *+ 30 in positive serums of BN
rats. The few positive animals in the oth-
er strains had titers of 10 or less than 10.
Serums from sham-vasectomized and
untreated rats as well as serums from
prevasectomy bleedings obtained from
LEW, ACI, BUF, and WF rats did not
contain antibodies to rat spermatozoa.
The prevasectomy serum from one BN
rat gave a positive reaction, with a'titer

Fig. 1 (left). Incidence and time sequence of sperm antibody response in bilaterally vasectomized rats of different strains. Abbreviations: LEW,

Lewis; WF, Wistar-Furth; BUF, Buffalo; BN, Brown Norway; F344, Fisher; SD, Sprague-Dawley; DA, Dark Agouti.

Fig. 2 (right). Demon-

stration of antibodies to the acrosome of rat spermatozoa by indirect inmunofluorescence (photographed at 100 x).
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