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Correcting the Phenotype of the Epidermis from Chick 
Embryos Homozygous for the Gene Scaleless (sclsc) 

Abstract. Scutate scales are completely missing in the scaleless (sclsc) mutant 
chicken. Organ cultures consisting of epidermis from sclsc embryos combined with 
normal (+I+) scale dermis of the same developmental age produce the scaleless 
phenotype, but the same scaleless epidermis in combination with normal dermis 
from more digerentiated embryonic scales forms perfectly normal scales. 

The epidermal and dermal compo- 
nents of the avian skin undergo inductive 
tissue interactions that result in the mor- 
phogenesis of feathers and scales (1, 2). 
The scaleless mutant chicken (3) cames 
a recessive, autosomal mutation which, 
in the homozygous state (sclsc), results 
in the lack of most of the feathers on the 
body and all of the scutate scales that are 
located along the anterior metatarsi. Bio- 
chemical, x-ray diffraction, and fine 
structural studies comparing normal scu- 
tate scale epidermis and the scaleless 
epidermis show that the beta stratum 
(made up of beta-type keratins), which 
characterizes the hard, platelike surface 
of the normal scutate scale, is totally 

missing from the scaleless epidermis (4- 
8). 

Scutate scales first appear as discrete 
epidermal thickenings (scale placodes) 
along the anterior metatarsal surface of 
the legs and feet at 10 days of incubation 
(stage 36). Reciprocal epidermal-dermal 
tissue recombinations between normal 
and mutant anterior metatarsal skin at 
stages 36 and 37 have demonstrated that 
the scaleless defect is expressed initially 
by the embryonic epidermis (9, 10). Tis: 
sue recombination studies further show 
that the scaleless dermis itself becomes 
defective as development progresses (11, 
12). It is not until stage 38, 2 days after 
initial scale placode formation, that the 

Table 1. Development of overlapping scutate scales in recombinant grafts between scaleless 
anterior metatarsal epidermis (stage 36 to 42) and stage 40,41, or 42 normal anterior metatarsal 
dermis cultured for 7 days on chick chorioallantoic membrane. 

Macroscopic appearance 
Stage of Recombinant grafts of recovered 
scaleless recombinant grafts 
epidermis Number Number With Without 

done recovered scales scales 

Normal anterior Scaleless anterior . 
metatarsal skin metatarsal skin 

metat&sal epidermis and normal scutate scale 
dermis. After 7 days of growth on chick chorioallantoic membrane these grafts developed 
typical scales with an outer epidermal surface (dots) and an inner epidermal surface (wavy 
lines). Abbreviations: Ep, epidermis; D, dermis; CAM, chorioallantoic membrane. Fig. 2 
(right). Photograph showing the scales formed from scaleless anterior metatarsal epidermis 
recombined with normal scutate scale dermis and grown for 7 days on chick chorioallantoic 
membrane (x 35); SS, scutate scales. 
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normal anterior metatarsal dermis ac- 
quires its ability to induce normal scutate 
scales (with a beta stratum) from either 
presumptive feather epidermis (13) or 
the chorionic epithelium (14). It is at this 
stage of scale morphogenesis that an 
actual scale ridge is present for the first 
time (11, 15). 'This ability to induce 
scales is never acquired by the anterior 
metatarsal dermis of scaleless mutants 
(10-12), nor does a scale ridge ever form. 

We have reasoned that the lack of 
epidermal placode formation and mor- 
phogenesis (period of time from stages 
36 to 38) in scaleless mutants results in 
the scaleless dermis not acquiring its 
later scale-inducing properties (11, 15- 
13. Therefore, in the present study, 
scaleless anterior metatarsal epidermis, 
which never makes scale placodes, was 
allowed to interact with a normal dermis 
that had become a strong scutate scale 
inducer-that is, normal anterior meta- 
tarsal dermis beyond stage 38 of devel- 
opment. As illustrated in Fig. 1, we 
recombined scaleless anterior metatarsal 
epidermis (stages 36 to 42) with stage 40, 
41, or 42 normal anterior metatarsal der- 
mis. After 7 days of growth on the chick 
chorioallantoic membrane, the mutant 
epidermis of all stages developed typical 
overlapping scutate scales (Table I),  
without itself undergoing placode forma- 
tion. In conformity with earlier observa- 
tions (13, 14), we noticed decreased 
scale-inducing ability in normal anterior 
metatarsal dermis at stage 38 and total 
loss of this ability at stage 37 (18). 

In addition to the macroscopic obser- 
vation that scutate scales form in our 
recombinant grafts (Fig. 2), we have 
used other techniques to verify that our 
recombinant scales are true scutate 
scales. Histologically, there is no differ- 
ence between the recombinant and nor- 
mal scales (15, 18). Extensive fine struc- 
tural studies of several recombinant 
scales demonstrate the presence of a 
beta stratum, which typifies the normal 
scutate scale (7, 18), whereas scaleless 
anterior metatarsal epidermis is charac- 
terized by the presence of an alpha stra- 
tum only (8, 18). Furthermore, the elec- 
trophoretic profile of the keratins isolat- 
ed from recombinant scale epidermis is 
indistinguishable from the profile ob- 
tained for the normal scutate scale epi- 
dermis (4, 18). 

Our results show that normal scutate 
scale dermis, which itself has undergone 
appropriate tissue interactions, can pro- 
vide the necessary inductive influence 
for scale development to the scaleless 
epidermis and thereby correct this genet- 
ic defect. We find that, although the 
scaleless gene prevepts the epidermis 

from ever making scale placodes, there 
is not an absolute requirement for plac- 
ode formation in order for the scaleless 
genome to respond to later inductive 
cues-that is, cues that direct the differ- 
entiation of the epidermal surfaces of 
scutate scales and the production of their 
specific protein products. 

Maderson (I9) suggested that tissue 
interactions in embryogenesis serve as 
the basis for morphological changes dur- 
ing evolution. In fact, Kollar and Fisher 
(20) demonstrated the existence of quies- 
cent genes for enamel synthesis in chick 
epithelium by recombining the chick epi- 
thelium with the inductive mesenchyme 
of first mandibular molars of mouse em- 
bryos. In the scaleless mutants, the 
genes for specific scale products (the 
scale beta keratins) also remain unex- 
pressed, again, as the result of an abnor- 
mal tissue interaction. 

SUSAN R. MCALEESE 
ROGER H. SAWYER 

Department of Biology, University of 
South Carolina, Columbia 29208 
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Vertebrate Cell Cycle Modulates Infection by 

Protozoan Parasites 

Abstract. Synchronized HeLa cell populations were exposed to Trypanosoma 
cruzi or Toxoplasma gondii, obligate intracellular protozoan parasites that cause 
Chagas' disease and toxoplasmosis, respectively, in humans. The ability of the two 
parasites to infect HeLa cells increased as the HeLa cells proceeded from the GI 
phase to the S phase of their growth cycle and decreased as the cells entered G2-M. 
Characterization of the S-phase cell surface components responsible for this 
phenomenon could be beneficial in the development of vaccines against these 
parasitic diseases. 

Some protozoan parasites require an 
intracellular environment for completion 
of part of their life cycle. This necessi- 
tates that the parasite find and enter a 
suitable host cell. The attraction of pro- 
tozoan parasites to vertebrate cells has 
been demonstrated (1); the degree of 
attraction varies with vertebrate cell 
type. Once within the domain of a suit- 
able host cell, the parasite attaches to 
and enters it. The attachment phase in- 
volves recognition by the parasite of host 
cell receptors (2). In this report, we 
describe a modulation of the attachment 
and subsequent entry phase of two obli- 
gate intracellular protozoan parasites, 
Tiypanosoma cruzi and Toxoplasma 
gondii, is dependent on the position of 
the vertebrate host cell in its growth 
cycle. The influence of host cell cycle on 
susceptibility to infection was deter- 
mined by exposing synchronized and 
nonsynchronized HeLa cells to parasites 
in the presence of [3H]thymidine. 
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HeLa cells were synchronized by the 
method of mitotic shake-off (3). Non- 
synchronized HeLa cells were harvested 
by mild trypsinization (4). Both cell pop- 
ulations were seeded at a density of lo4 
cells per milliliter (2 ml) in petri dishes 
(3.5 cm in diameter) containing two 12- 
mm square cover slips and incubated for 
2 to 4 hours to allow attachment of the 
cells. 

Tiypanosoma cruzi (Ernestina strain) 
trypomastigotes were harvested at 3- 
hour intervals from bovine embryo skel- 
etal muscle cell cultures (5) and adjusted 
to a concentration of 5 x 10' organisms 
per milliliter. Toxoplasma gondii (RH 
strain) tachyzoites (6) were harvested by 
peritoneal lavage of NIH general-pur- 
pose mice infected 3 days earlier (77, and 
adjusted to a concentration of 5 x lo6 
organisms per milliliter. Immediately be- 
fore the organisms were used in the 
experiment, [methyl-3H]thymidine (1 
pCiIml; specific activity, 5.0 Cilmmole; 
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