
creased to reach the level of untreated 
cells at 72 hours. This temporal decline 
in the frequency of aberrant cells may be 
due to reproductive death of the abnor- 
mal cells consequent to chromosomal 
damage. 

These experiments demonstrate that 
cultured fibroblasts from NZB fetuses 
manifest increased sensitivity to ul- 
traviolet radiation. The findings are simi- 
lar to the chromosomal instability report- 
ed in cells cultured from patients with 
xeroderma pigmentosum (3). We do not 
know the mechanism underlying the 
chromosomal fragility induced by ul- 
traviolet radiation in NZB fetal fibro- 
blasts. It may be relatively specific to ul- 
traviolet radiation, being a result of de- 
fective DNA repair or activation of 
latent viruses which then cause chromo- 
somal abnormalities. Alternatively, NZB 
chromosomes may be generally unstable 
and exhibit fragility upon exposure to 
many noxious agents. 

All of the inherited chromosomal in- 
stability syndromes in man are accom- 
panied by increased frequency of malig- 
nancy (1). Similarly, most aging NZB 
mice develop lymphoreticular malignan- 
cy of the spleen and other organs (5). 
These animals also have clones of aneu- 
ploid spleen cells with specific karyotyp- 
ic changes, especially trisomy 15 (10). 
We do not know how the chromosomal 
instability in NZB fetuses is related to 
the aneuploid clones and lymphoreticu- 
lar malignancy characteristic of adult an- 
imals of this strain. However, it is tempt- 
ing to suggest that the chromosomal in- 
stability favors the development of 
specific chromosomal changes which in 
turn play a role in the evolution of neo- 
plasia. 
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Histidine-Rich Protein as a Model Malaria Vaccine 

Abstract. Ducklings were successfully immunized against Plasmodium lophurae 
with a purified and characterized histidine-rich protein as antigen. The use of adju- 
vant is not required for this protective effect, and immunity can be passively trans- 
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ferred with serum. 

As vector control and chemotherapy 
have not proved sufficient measures for 
curbing malaria, which affects 100 mil- 
lion humans yearly, attention has been 
turned to additional alternative methods 
of control, including the possibility of 
vaccination (1). Although successful 
vaccinations in various animals and even 
in humans have been reported (2), two 
major difficulties have made the feasibil- 
ity of extrapolating the existing methods 
for mass human vaccination impracti- 
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cal: (i) the unavailability of sufficient 
amounts of suitable antigens and (ii) con- 
tamination of antigens with host com- 

ponents that could raise problems of elic- 

iting autoimmune response. 
I now report the successful immuniza- 

tion of ducks against malaria with a puri- 
fied and characterized protein. The pro- 
tein (HRP) was isolated from the avian 
malaria Plasmodium lophurae grown in 

ducklings. It was found to have a rather 
unusual composition, with about 70 per- 
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Table 1. Pattern of infection in immunized and control ducks. Ducks 33 to 37 were injected 
(intramuscularly) with an emulsion of histidine-rich protein and Freund's complete and in- 
complete adjuvants (day 0) and received two intravenous booster injections of antigen alone 
(days 4 and 7). Ducks 170 to 173 were treated as the group above except for substitution of 
phosphate-buffered saline for antigen. Ducks 51 to 54 were not treated. All groups were chal- 
lenged on day 14 after immunization was started with 2.6 x 108 parasitized red blood cells 
(RBC). 

Duck Percent infected RBC after challenge 
No. Day 4 Day 5 Day 6 Day 7 Day 8 Day 9 Day 10 

33 3 6 20 40 33 20 Died 
34 5 12 12 18 35 38 Died 
35 3 5 25 44 45 74 Died 
36 2 4 1 0.1 0 0 0 
37 4 10 30 59 39 Died 

170 4 10 50 86 Died 
171 5 23 68 94 Died 
172 4 35 62 92 Died 
173 3 25 70 95 Died 
51 4 20 58 Died 
52 3 27 50 90 Died 
53 0.5 4 25 47 90 Died 
54 2 20 52 95 Died 
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cent histidine and four other major con- 
stituent amino acids: proline, alanine, 
glutamic acid, and aspartic acid (3). 
Since indirect experimental evidence in- 
dicated that the protein could have a role 
in the penetration of merozoites into 
erythrocytes (4, 5), it seemed reasonable 
to test it as a vaccine. 

The protein was prepared as an acid 
extract as described (3). To remove re- 
sidual heme that usually binds to the pro- 
tein, the extracts were further purified by 
filtration through a Sephadex G-100 col- 
umn in 50 percent acetic acid. Eluates 
were dialyzed in distilled water, and the 
protein concentration was determined by 
a micro biuret method (6). As the protein 
is insoluble at physiological pH, mea- 
sured amounts were precipitated in 
phosphate-buffered saline, pH 7.4, and 
injected as insoluble suspensions. The 
reported antigen concentrations are as 
accurate as can be expected from mea- 
surements of suspensions. 

Trial experiments were performed to 
define proper conditions for successful 
immunization, such as age of host, 
schedule of immunization, antigen dose, 
and route of inoculation. Even though 
birds become immunologically mature at 
about 6 weeks of age, immunization had 
to be initiated when ducklings were 4 to 
4'/2 weeks old, and a massive dose of 

challenge inoculum had to be given with- 
in 15 days since some ducklings, by 8 to 
9 weeks of age, develop natural resist- 
ance to the infection. In the first success- 
ful experiment, two out of three immu- 
nized ducks survived the challenge in- 
oculation. The experiment was repeated 
with a larger group of animals and appro- 
priate controls. On day 0, 41/2-week-old 
ducklings were injected intramuscularly 
with an emulsion of I mg of HRP in 0.5 
ml of phosphate-buffered saline, 0.25 ml 
of Freund's complete adjuvant, and 0.25 
ml of Freund's incomplete adjuvant. On 
days 4 and 7, the immunized ducks re- 
ceived intravenously 0.7 mg and 1 mg of 
antigen, respectively. One group of con- 
trol ducklings was treated in the same 
manner except that the phosphate-buf- 
fered saline was substituted for antigen, 
while a second group was not treated. 
On day 14, all birds were challenged 
(Table 1); all control ducks died 8 days 
after challenge, one immunized duckling 
showed full recovery, and four had lower 
levels of parasitemia and 2 days extend- 
ed life. 

Because of these encouraging results, 
the experiment was repeated with some 
modifications. While the schedule of im- 
munization and route of inoculation were 
kept the same, the amount of antigen 
was increased and the challenge dose 
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was decreased. Two additional groups of 
experimental ducks were also included 
to test (i) whether the use of adjuvant 
was required for the protective immune 
response and (ii) whether commercially 
available synthetic polyhistidine (Sigma; 
molecular weight, 5000 to 8000) could be 
substituted for the histidine-rich antigen. 
The four groups of birds were injected as 
follows. At day 0 (intramuscularly) 
group A was given 2 mg of HRP in 1 ml 
of phosphate-buffered saline plus 0.25 ml 
of Freund's complete adjuvant and 0.75 
ml of Freund's incomplete adjuvant; 
group B was given 2 mg of HRP in phos- 
phate-buffered saline; group C was given 
2 mg of polyhistidine plus adjuvants as 
described for group A; and group D was 
given adjuvant plus phosphate-buffered 
saline. On day 4 (intravenously) group A 
was given 1 mg of HRP; group B was giv- 
en 1 mg of HRP; and group C was given 1 
mg of polyhistidine. On day 7 (intrave- 
nously) group A was given 1 mg of HRP; 
group B was given 2 mg of HRP; and 

Table 2. Pattern of infection in immunized and 
control ducks. Group A was injected (intra- 
muscularly) with histidine-rich protein emulsi- 
fied with Freund's complete and incomplete 
adjuvants (day 0) and received two intra- 
venous booster injections of antigen alone 
(days 4 and 7). Group B was treated as was 
group A except that adjuvant was excluded. 
Group C was immunized with polyhistidine 
(5000 to 8000 molecular weight) with the in- 
clusion of adjuvant as described for group A. 
Group D received (intramuscularly) adjuvant 
emulsified with phosphate-buffered saline on 
day 0 and was given no further treatment. All 
groups were challenged on day 14 with 8.5 x 
107 parasitized red blood cells (RBC). 

Percent infected 
Duck RBC after challenge 
No. Day Day Day Day Day 

5 7 9 10 11 

Group A 
62 4 35 20 20* 
63 2 0 0 0 
64 2 0 0 0 
65 0.5 0 0 0 

Group B 
76 4 44 91 Died 
77 2 0 0 0 
78 0.1 0 0 0 
79 1 0 0 0 

Group C 
69 24 79 Died 
70 23 95 Died 
22 18 62 Died 
23 28 90 Died 
71 42 Died 

Group D 
80 3 10 39 Died 
81 2 16 74 Died 

192 2 26 95 Died 
193 4 30 90 Died 

*Duck 62 showed 15 percent parasitemia by day 14 
and 0.5 percent by day 16. No parasites were detect- 
able on day 17. 

group C was given 2 mg of polyhistidine. 
On day 14 all birds were challenged 
(Table 2). All ducks immunized with 
HRP and adjuvant (group A) survived; 
three of these showed very low para- 
sitemia on day 5 after challenge and no 
parasites were detectable by day 7 after 
challenge. The fourth duckling (No. 62) 
showed a peak parasitemia of 35 percent, 
but this peak was followed by the ap- 
pearance of degenerate parasites and the 
gradual decline of the number of infected 
erythrocytes. The duckling was very 
anemic but showed full recovery by day 
17. Three out of four ducks in group B 
survived challenge, indicating that HRP 
could elicit a protective immune re- 
sponse without the aid of adjuvant. Poly- 
histidine was completely ineffective, and 
all ducklings in group C died about the 
same time as the controls (group D). 

Passive transfer of immunity to ma- 
laria by serum of convalescing subjects 
has been demonstrated in several species 
(2). Serum was collected from duck No. 
36 (Table 1) 2 weeks after challenge, and 
a crude globulin fraction was prepared 
from it by precipitation with sodium sul- 
fate. Three 8-day-old ducklings were 
each injected with the globulin fraction 
obtained from 5 to 6 ml of serum; they 
were then challenged with 9 x 106 para- 
sitized erythrocytes. All three ducklings 
survived although there was variation in 
the course of infection; one duckling 
showed a peak parasitemia of 1 percent, 
a second showed 28 percent, and the 
third showed 36 percent before recov- 
ery. Control birds injected with equiva- 
lent amounts of normal globulin showed 
the expected course of infection and died. 
When passively immunized ducklings 
were challenged 2 weeks and 4 weeks af- 
ter recovery they showed total resist- 
ance. This is quite different from ducks 
made immune by infection and drug cure; 
it requires three to four infections fol- 
lowed by chloroquine treatment to ren- 
der a duck resistant to reinfection with 
P. lophurae. Globulin fractions collected 
from serums of immunized ducklings pri- 
or to challenge also showed protection of 
young ducklings. These serums have giv- 
en less consistent results; five serums 
were protective out of 12 trials. It is pos- 
sible that 7 days after the last booster of 
antigen when serums were collected the 
antibody titer was not at its peak. In ad- 
dition, there may be other elements of 
the immune response that aid in con- 
trolling the infection within the immu- 
nized host. 

Viral infections in ducklings that may 
interfere with normal development of P. 
lophurae in this host have been reported 
(7). In my laboratory I have never had a 
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duckling survive an infection with the 
strain of P. lophurae used here. Occa- 
sionally, typical symptoms of the spleen 
necrosis virus have been observed. This 
agent can be transmitted to healthy 
ducklings by inoculation of small vol- 
umes of plasma; even though this virus 
does slow down normal development of 
P. lophurae, it also invariably kills in- 
fected ducklings (7). The possibility that 
the observed protection was due to any 
other infectious agent transferred with 
immune globulin was eliminated experi- 
mentally. Six 8-day-old ducklings were 
each inoculated with 0.5 ml of plasma 
from each of six immunized ducks. 
When challenged with an infective dose 
of P. lophurae, all six ducklings showed 
the expected course of parasitemia and 
died. However, globulin fractions of 
serums from three of the same six immu- 
nized donor ducks protected recipient 
ducklings from P. lophurae infection. 
When plasma (0.5 ml) from each of the 
three protected ducklings was inoculated 
into three other ducklings, the course of 
infection with P. lophurae was not al- 
tered. 

The HRP from P. lophurae is the only 
chemically characterized protein from 
malaria parasites. A similar protein was 
demonstrated in P. falciparum (8), but 
the possible immunological cross-reac- 
tivity of the proteins from these two spe- 
cies remains to be determined. The find- 
ing of cross-reactivity could lead to a 
possible synthetic malaria vaccine. Even 
though through the use of crude antigens 
it has been concluded that protection 
against malaria is species-specific, the 
possibility of immunological cross-reac- 
tivity to a purified antigen cannot be 
ruled out without experimental evi- 
dence. In addition, the rather peculiar 
amino acid composition of HRP could 
lend itself to immunological alteration 
through chemical manipulation. 

ARAXIE KILEJIAN 

Rockefeller University, 
New York 10021 
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though through the use of crude antigens 
it has been concluded that protection 
against malaria is species-specific, the 
possibility of immunological cross-reac- 
tivity to a purified antigen cannot be 
ruled out without experimental evi- 
dence. In addition, the rather peculiar 
amino acid composition of HRP could 
lend itself to immunological alteration 
through chemical manipulation. 
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Rockefeller University, 
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Schistosoma mansoni: Identification of Chemicals That Attract or 

Trap Its Snail Vector, Biomphalaria glabrata 

Abstract. A new bioassay for chemical attractants of aquatic snails demonstrated 
that Biomphalaria glabrata could be attracted to or trapped in the vicinity of homoge- 
nates of lettuce. Fractionation of homogenates revealed the amino acids glutamate 
and proline as the primary attractants. Attraction was specific for the L form of 
glutamate. Proline appeared to stimulate reproductive activity. Glutathione, y- 
aminobutyric acid, and a number of other compounds had no effect. Extracts of 
lyophilized snail tissue also attracted other snails and may thus contain pheromones. 
These results permit formulation and testing of controlled-release attractants de- 
signed to overcome the repellant effects of slow-release molluscicides, as well as the 
design of stimulants to be used with no-release poisons. 

Molluscicides targeted at snail vectors Schistosoma mansoni, by various sub- 
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Molluscicides targeted at snail vectors Schistosoma mansoni, by various sub- 
of important human pathogens such as 
schistosomes frequently repel the snail 
from areas containing lethal doses (1). 
The advent and success of slow- or con- 
trolled-release technology for dispensing 
pesticides has provided new and exciting 
possibilities for developing baits, attract- 
ants, or other chemostimulants which 
will enhance the efficacy of these formu- 
lations (2). Attraction or trapping of 
Biomphalaria glabrata, the snail host for 
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stances, especially food sources, has 
been reported (2-5). But specific chem- 
icals emanating from food sources or the 
snails themselves, which can attract or 
trap the snail, have not been identified. 
We report herein the isolation and identi- 
fication of chemicals from a food source 
and from snails which attract or trap B. 
glabrata. Fractionation of lettuce re- 
vealed that the portion containing free 
amino acids was the primary stimulant. 
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Table 1. Responses of B. glabrata to Romaine lettuce homogenate and fractions in 1 percent 
ionagar or on filter paper. Homogenates were prepared from 50 g (wet weight) of the leafy 
portion of lettuce in 200 ml of double-distilled water by blending at low speed in a Waring 
blender in 3- to 5-second bursts. The homogenate was filtered through cheese cloth, precipitated 
with 5 percent (weight to volume) trichloroacetic acid (TCA), stirred 1 hour at 0?C. After centri- 
fugation at 500g for 20 minutes at 5?C, the supernatant was extracted five or six times with 
diethyl ether. The aqueous layer was saved for recovery of sugars, amino acids, and organic 
acids. The ether layer was removed and evaporated under N2, and residual TCA was removed 
by chloroform partitioned against double-distilled water and subsequent evaporation of the 
chloroform. The resulting oil was tested as the lipid fraction. Total lipids were extracted also by 
the method of Folch et al. (13). Sugars, amino acids, and organic acids were recovered from the 
aqueous layer by chromatography with Dowex-50 followed by O-(diethylaminoethyl) (DEAE)- 
cellulose. The loaded Dowex was washed with 0.01N HC1 to elute organic acids and sugars 
subsequently separated on DEAE. Amino acids were eluted from the Dowex with 4N NH4OH. 
Sugars were recovered from the DEAE void volume by washing with double-distilled water (pH 
6.4), and organic acids were eluted with 4N formic acid. These fractions were reduced in vol- 
ume by flash evaporation, and were then lyophilized and reconstituted in spring water (Arrow- 
head Puritas). The purity of each fraction was ascertained by thin-layer chromatography (14). 
Percentage recoveries were measured by using 14C-labeled glycine, lactate, and glucose as inter- 
nal standards. The recoveries were 62, 45, and 57 percent, respectively, for amino acids, organ- 
ic acids, and sugars. The constituents of the amino acid fraction are shown in Table 2. The 
organic acid fraction contained malate and citrate, the sugar fraction contained fructose and 
glucose. No attempt was made to identify amino sugars or vitamins. Any cross-contamination 
of fractions or presence of minor components was below resolution by thin-layer chromatogra- 
phy. The ionagar blocks measured 4 by 1.5 by 1.5 cm; the amino acid fraction was reconstituted 
to an equivalence of 10 mM glutamate, the organic acid fraction to 9 mM malate plus citrate, and 
the sugar fraction to 10 mM glucose plus fructose. Lipids were dissolved in absolute ethyl 
alcohol and portions of these were allowed to evaporate on filter paper (Whatman No. 4). 

Experimental groups No. of Responses 
repli- 

Attractant Control cates* Attractant Control 

None None 13 20.9 + 2.3 (14.3)t 20.5 + 2.5 (14.2) 
Ionagar Ionagar 25 25.2 1.1(18.7) 27.5 ? 0.9(21.7) 
Homogenate Ionagar 2 36.3 1.2(35.0)1 7.1 _ 7.1( 3.0) 
Aminoacids Ionagar 4 34.5 + 2.1 (32.3)t 24.9 + 1.7(18.0) 
Organic acids Ionagar 5 30.9 ? 3.3 (27.0) 25.9 ? 0.6(19.2) 
Sugars Ionagar 5 24.1 + 1.9(20.2) 26.5 + 2.2 (17.0) 
Lipids Filterpaper 4 19.1 + 4.5 (12.0) 24.2 + 2.0(17.0) 
Folchlipids Filterpaper 5 27.9 + 1.6(22.2) 25.1 ? 1.7(18.2) 

*Ten snails per replicate. tMean ? standard error of transformed values (actual percentages). 
tStatistical significance P < .05. 
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