ter extracts of strains that did and did not
react with the PGP antiserum were hy-
drolyzed for chemical analysis in IN HCI
for 8 hours; hydrolysis was carried out in
evacuated tubes at 100°C. The samples
were dried to remove HCI and treated
with alkaline phosphatase prior to reduc-
tion and acetylation for analysis of the
polyol and sugar alditol acetates by gas-
liquid chromatography 4). A com-
parative chemical analysis of strains that
contain LTA and those that do not is
shown in Table 2; strains 1D (received as
S. mitis) and 3G in which glycerol tei-
choic acid was detected immunochemi-
cally contained 20 and 25 percent glyce-
rol, respectively; strains 72x41 and
72x35, in which no teichoic acid was de-
tected immunochemically, contained 5
and 6 percent glycerol. In general, the
glycerol: phosphate ratio hovered around
1:1, but the presence of ribitol in all ex-
tracts indicated that these extracts still
contained nucleic acid derivatives; this
was expected since the extraction proce-
dure and enzyme treatment is only a first
step in the purification. It is clear, how-
ever, that teichoic acid-positive strains
have significantly higher quantities of
glycerol.

The failure to detect glycerol teichoic
acid among these strains confirms the
observation of McCarty (/2). In his origi-
nal paper concerning the occurrence of
the polymer in bacteria, he observed that
more than 50 percent of S. sanguis and
S. viridans (an older synonym some-
times used for S. mitis strains and other
a-hemolytic streptococci) did not con-
tain the antigen. However, these obser-
vations apparently have been forgotten
in the many recent publications con-
cerning the location and function of
these interesting polymers. In M. lyso-
deikticus, which also does not have a tei-
choic acid, a lipomannan has been found
that is speculated to serve the same func-
tion as the lipoteichoic acid (/3). It has
been suggested that such amphipathic
molecules may be €ssential for growth of
Gram-positive bacteria (/). The presence
of small amounts of glycerol and phos-
phate in S. mitis suggests a lipid may be
present that could be part of an amphipa-
thic molecule, and studies aimed at iso-
lating such a polymer are under way.
However, the results of my studies in-
dicate clearly that L.TA is not present in
S. mitis, and thus the polymer is not uni-
versally found in all Gram-positive bac-
teria. These observations suggest that
this species has adapted to existence
without LTA and, therefore, teichoic
acids may not be as essential for all
Gram-positive bacteria as had been spec-
ulated (/). On the other hand, the most
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notable feature of S. mitis is the apparent
lack of physiological properties often as-
sociated with most other streptococci.
For example, most S. mitis strains fer-
ment only a few sugars and their cell
walls contain little, if any, rhamnose;
thus, as suggested earlier in this report,
identification is often by exclusion.
Could it be that the absence of teichoic
acids, although not preventing growth,
does act to limit the physiological activi-
ty of this species? Such limitation may
occur through leffects on permeability;
this in turn may be related to autolysin
activity which may be regulated by LTA
(2). Further study of these ubiquitous
oral bacteria may eventually provide the
clues for a better understanding of the
role of LTA in Gram-positive bacteria.
BURTON RoOSAN
Department of Microbiology, and
Center for Oral Health Research,
University of Pennsylvania School
of Dental Medicine, Philadelphia 19104
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Ultraviolet Radiation—-Induced Chromosomal Abnormalities
in Fetal Fibroblasts from New Zealand Black Mice

Abstract. Fibroblasts from New Zealand Black mouse fetuses manifest increased
frequency of chromosomal breaks and interchanges after exposure to ultraviolet ra-
diation when compared with cells from BALB/c fetuses. This chromosomal instabili-
ty is similar to what has been reported in cells from patients with xeroderma pig-
mentosum and may be related to the chromosomally abnormal clones and malignan-
cy previously reported in adult New Zealand Black mice.

Several inherited diseases in man are
characterized by chromosomal fragility
usually manifest as breaks, fragments,
and interchanges and by increased fre-
quency of malignancy (/). These chro-
mosomal instability syndromes include
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as prototypes, Bloom’s syndrome, Fan-
coni’s anemia, ataxia telangiectasia, and
xeroderma pigmentosum. In the first
three diseases, chromosomal aberrations
occur spontaneously. In contrast, in xe-
roderma pigmentosum, which is charac-
terized by defective repair of ultraviolet
radiation-induced alterations in DNA
(2), the cytogenetic abnormalities are
found only after exposure to ultraviolet
radiation (3).

Understanding of the relation between
chromosome abnormalities and malig-
nancy in these syndromes could be ad-
vanced by the discovery of suitable ani-

Fig. 1. Chromosomal abnormalities in cul-
tured NZB and BALB/c fetal fibroblasts be-
fore and after exposure to ultraviolet radia-
tion.
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Table 1. The effect of different doses of ultraviolet radiation on NZB and BALB/c fetal fibroblasts in vitro. The significance of increased
frequency of abnormal cells after expoure to ultraviolet radiation compared to the frequency before exposure is indicated below the table.

Number

Abnormalities per cell

Radiation Abnormal
Break: Interch:
dose (J/mms) C;’Z;‘fﬂz g cells (%) reaks nterchanges others  Total
Chromatid Chromosome Chromatid Chromosome
BALB/c cells

100 8(8) 0.08 0.01 0.09

8 100 9(9) 0.05 0.06 0.01 0.11

16 100 8(8) 0.04 0.08 0.01 0.01 0.14

32 90 24 (26)* 0.31 0.18 0.20 0.01 0.70*

NZB cells

93 7(7.5) 0.04 0.06 0.10

8 100 17 (ANt 0.04 0.13 0.04 0.01 0.01 0.23+

16 100 18 (18)+ 0.13 0.24 0.01 0.07 0.45*

32 100 57 (57)* 0.52 0.50 0.28 0.09 1.39*

*P < .01. tP < .05.

mal models. New Zealand Black (NZB)
mice are characterized by high frequen-
cy of autoimmunity (¢), spontaneous
lymphoreticular malignancy (5), and in-
creased susceptibility to the chemical
carcinogen, 2-aminofluorene (6). In addi-
tion, spontaneously occurring chromo-
somal breakage in marrow cells has been
described in one NZB colony (7). In con-
trast, other colonies lack these aber-
rations, but have mosaicism for spleen
cell aneuploidy and euploidy (8). In all of
these studies, the chromosomal aber-
rations were found only in older animals.
We studied fetuses from one of the NZB
colonies which apparently lacks sponta-
neously occurring chromosome fragility
in spleen and marrow cells, and describe
here the increased sensitivity of cultured
fetal fibroblasts to ultraviolet radiation.

We used mice from the NZB/Sea colo-
ny as our experimental animals and
BALB/c animals as controls (9). Meta-
phase spreads from cultured experimen-
tal and control fetal fibroblasts were ana-
lyzed without knowledge of their origin
before and after exposure to ultraviolet
radiation (9). Breaks and rearrangements
of chromosomes, but not gaps, were
scored as abnormal.

Chromosomal abnormalities were
found more frequently in untreated NZB
cells than in BALB/c cells, but the dif-
ference was not significant at the .05 lev-
el (Wilcoxin two-sample rank test) (Fig.
1). After exposure to a 16 J/mm? dose of
ultraviolet radiation, BALB/c fibroblasts
did not show an increase in the incidence
of aberrations. In contrast, the incidence
of chromosome abnormalities increased
significantly in NZB fibroblasts exposed
to radiation in each of four experiments
(P < .01) (Fig. 1). The abnormalities de-
tected included chromatid and chromo-
some breaks and interchanges (Fig. 2).
There were 13 interchanges in 12,080
NZB chromosomes prior to ultraviolet
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radiation compared to 35 interchanges in
11,480 chromosomes after exposure to
ultraviolet radiation (P < .001) (pooled
results of four experiments; data not
shown).

There was a direct relation between
the frequency of abnormal cells and the
dose of radiation (Table 1). At lower
doses, increased frequency of chromo-
somal abnormalities was seen only in
NZB cells. At the highest dose (32 J/

mm?), both NZB and BALB/c cells ex-
hibited a high incidence of abnormalities,
but significantly more abnormal cells
were found in NZB than in BALB/c fetal
fibroblasts (P < .01).

The incidence of abnormal cells in-
duced by 16 J of ultraviolet radiation per
square millimeter was examined at 24,
48, and 72 hours after exposure. The fre-
quency of abnormal cells was maximum
at 24 hours after radiation, and then de-

Fig. 2. Chromosome abnormalities in cultured NZB fetal fibroblasts after exposure to ultravio-
let radiation. (a) Chromatid breaks; (b) complex rearrangements; (¢ and d) chromatid and
chromosome exchange; (e) paired minute fragments; (f) rearranged abnormal chromosome.
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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 (I). 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.

A. LAKSHMA REDDY
PHiLIP J. FiaALKOW
ARMI SALO
Medical Genetics Section, Medical
Service, Veterans Hospital, Seattle,
Washington 98108, and Departments of
Medicine and Genetics, University of
Washington, Seattle 98195
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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-

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 (/). 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-

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-

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 10® 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 S 12 12 18 35 38 Died
35 3 D) 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 S 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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