difficult, and gel interpretation is
straightforward. A single technician with
homogenates of as few as 107 cells can
comfortably analyze 10 to 20 cell lines
for the seven allozymes discussed in a
single workday (30).
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Regional Specialization of Reptilian Scale Surfaces:

Relation of Texture and Biologic Role

Abstract. The iridescent body scales of the fossorial uropeltid snakes produce
these interference colors by keratinous ridges spaced at 2500 A. The pattern inhibits
wetting of the surface and adhesion of soil particles and thus reduces friction be-
tween the snake’s trunk and walls of its tunnel. The epidermal scales of the blunt tail
show a sharply defined pattern of spines and ridges with convergent flutings. Dirt
caught here forms a plug that protects the snake’s caudal end. The sharp transition
of surface textures suggests (i) that selection for each of the two roles is great, and
(ii) that the interference colors of many fossorial snakes indicate that friction as well

as dirt adhesion are being reduced.

Recent studies (/) have resurrected
the hypothesis (2) that the keratinized
surface ornamentation of reptilian skin
reduces wear and friction. This hypothe-
sis may explain why certain reptiles have
regular microstructure that produces in-
terference colors of unknown function
3). Although this explanation may be
plausible, it lacks proof and does not ex-
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plain the diversity of structural patterns
seen (4). We here describe a system in
which the biological role of these micro-
structures changes along a well-defined
line so that the associated structural dif-
ferences may be analyzed.

The rough-tailed (or shield-tailed)
snakes (family Uropeltidae) comprise
some 35 relict species of specialized (5)

fossorial animals restricted to the south-
west Indian hill country and Sri Lanka.
The cylindrical trunk of these elongate
cone-headed animals is always extreme-
ly smooth and shows iridescence along
bands parallel to the long axis (Fig. 1).
The name of the group refers to a spinose
patch of variable size on the truncate
caudal tip, the rough area of which is al-
ways restricted to part or all of the dis-
tally visible zone. The transition be-
tween the two zones is sharp, and struc-
tural colors extend to the immediate
edge of the rough tip.

Scanning electron micrographs (6)
show the surface texture of the two re-
gions. The widely overlapping scales
along the trunk (Fig. 2E) of all species ex-
amined show an ornamentation of regu-
lar ridges on a spacing of 2500 A (Fig.
2H). The grooves between the ridges
contain round to oval pits at an apparent-
ly random spacing. The pits are some-
times filled with irregular matrix of uncer-
tain origin (Fig. 2, G and I). The ridges
are aligned parallel to the long axis of the
body, even on scales, such as the later-
oventral ones, that are asymmetrical. In
general, the exposures of the topmost
squamous cells are transversely subellip-
tical, and each ellipse has a pointed later-
al tip. The sutures cross the ridges at
near right angles, interdigitating for 2000
to 5000 A on a 4000 to 5000 A spacing, so
that the ridge ends of successive scales
do not align. When the dorsal surface of
these snakes is examined in bright light
(sunlight) with the visual axis just paral-
lel to the path of the incident light; one
sees a band of interference colors on
each side of the midline with the colors
ranging from blue (medially) to orange-
yellow (laterally). The transition of col-
ors corresponds to the changing spacing
of ridges normal to the incident light
around the curvature of the body.

The scales of the tail immediately fring-
ing the sudden blunt termination show
the same kinds of ridges and pores, ex-
cept that the ridges are not aligned and
often appear to be more shallow. More
posteriorly, the surface undulates on a
spacing greater than and independent of
the surface exposures of the squamous
cells of the keratinized Oberhéutchen.
The actual architecture of the system is
species specific (7) (in Fig. 2, compare
A~C with F). The undulant surface may
show one or more ridges per scale, and
the terminal scale covering the distal tip
tends to become enlarged and modified
into a keratinized shield (possibly under-
lain by an enlarged terminal ossification
of the vertebral column) (8), that bears
sharp ridges and spines of different sizes
in a regular pattern. Such spines and
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ridges are always deeply fluted with the
grooves convergent rather than parallel
(Fig. 2D).

Uropeltids are found in various types
of cohesive soils, mostly under a forest
canopy. Even when excavated, they al-
ways show a clean and shiny trunk ex-
cept for the caudal patch, which bears a
plug of soil that is often as long as the ani-
mal’s diameter. When the snakes crawl
through semiliquid mud, this material is
shed from the surface as the animal
twists among fingers or grass stems. In
contrast, the caudal plug sticks to the
shield; even when the tip is rubbed, there
remains a layer of adherent dirt.

Microscopy shows that the surface of
the body scales is poorly wetted by
drops of water, which form sharp edges
and do not spread. However, the caudal
surface is difficult to examine, as sand
grains and other particles wedge among
the convergent flutings ascending the
spine. Other particles adhere to these me-
chanically captured particles, and the
mud plug remains patent by internal co-
hesion.

The dirt-shedding mechanism clearly
reduces the coefficient of friction be-
tween the snake and the wall of its tun-
nel. It permits the animal to remain clean
even in the sticky muds in some of these
areas with high rainfall. This is particular-
ly critical because some of the soils be-
come very hard when dry and could en-
trap or damage scales to which they ad-
here, as well as imposing very significant
wear to a tunnel dweller. Reduction of
“‘surface free energy’’ (9) with conse-
quent inhibition of interaction of soils
with the skin will then be advantageous.

The blunt uropeltid tail is not used for
digging, and the animals have only a lim-
ited capacity to reverse and none to turn
about in the tunnel. The dirt plug pro-
tects the snake against predators such as
other snakes, ants, and beetles that may
enter the tunnel behind it (10).

In some ‘‘primitive’’ uropeltids in
which the caudal boss is smaller than the
distal tip, the ridges and modification of
adjacent scales extend outward to cover
the posteriorly facing portion of the cau-
dal boss. In contrast, the smooth zone
extends just up to and around the widest
diameter anterior to the blunt termi-
nation. The sharp transition from the
ridges spaced at 2500 A to the rougher
zone, which generally occupies only one
or two scales documents the selective ad-
vantage of keeping adhesion (as well as
friction) to a minimum along the length
of the trunk. The sharp transition also re-
flects the advantage of having the entire
distal surface modified and mud-cov-
ered, thus keeping small predators from

25 MARCH 1977

Fig. 1. Adult specimen of the
uropeltid snake Rhinophis
blythi from Sri Lanka. The
pointed head (left) appears su-
perficially like a tail, and the
blunt, spotted tail (center)
with its caudal shield gives the
impression that it is the
snake’s head. In R. blythi the
caudal shield is smaller than
the distal portion of the tail,
and the surrounding scales
bear ridges and other irregular-
ities up to the full diameter of
the body. The length of the
snake is approximately 30 cm.

Fig. 2. Scanning electron micrographs of the uropeltid integument. (A) Rhinophis drummond-
hayi. Distal tip of the tail (ventral to left) showing spinous caudal pad. The margining scales
show some undulations at the sites of the underlying spines but no particular roughening of the
surface (X10). (B) Same specimen showing the relative placement of the spines and their
connecting ridges (x33). (C) Same specimen showing a single cone. Note the irregular fluting
along the sides (X 106). (D) Uropeltis phillipsi. Lateral view of a single projecting spine to show
the irregular fluting among which the sand grains tend to be caught (x2600). (E) Rhinophis
philippinus . Detail of dorsal scales to show their generally overlapping arrangement at midbody.
The undulations represent an artifactual drying deformation (x33). (F) Same object as (D),
lower left is ventral, to show the much more irregularly placed and relatively longer distal spines
on the caudal pdd of this species (x26). (G) Rhinophis philippinus . Detail of middorsal scales to
show the striations and the intermediate pits, here filled with coating. View represents
geometric center of (E) (x8000). (H) Rhinophis drummond-hayi. Detail of dorsal skin to show
the interlocking ridges along the surface borders between two squamous cells (x8000). (I)
Rhinophis philippinus. Detail of dorsal surface showing a patch of keratinous grid partially
shielded by coating (X6700).

N - -
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bypassing the shield to attack the body
un.

These observations confirm the advan-
tage of a regularly ridged keratinized
shield in reducing adhesion and friction.
They may be extrapolated to explain the
function of the smooth ventral shields of
most snakes (as well as many lizards),
and they indirectly document the advan-
tages both of regular ecdysis and of more
frequent shedding when the skin is dam-
aged (12). The reduced friction promotes
the effectiveness of lateral undulation,
but the shedding of foreign objects is
more important to elongate limbless ani-
mals that lack alternate methods of
grooming. Consequently, the structural
interference colors of reptiles lack specif-
ic function but are, instead, side effects
u3).

CARL GANS

DusaN Bailc
Division of Biological Sciences,
University of Michigan, Ann Arbor
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Reconstitution of Chromatin Subunits

Abstract. The recovery of the subunit structure of chromatin after dissociation and
reconstitution is markedly affected by the procedure used. Some procedures give
complete regeneration of subunits, but the procedure most commonly used for re-
constitution gives poor yields of subunit-containing chromatin.

Reconstitution of chromatin from its
three main constituents, DNA, histones,
and nonhistone chromosomal proteins,
has been widely used to investigate tran-
scriptional specificity (/=3) and chroma-
tin structure (¢—10). These studies have
shown that the reconstituted chromatin
may regain many of the properties of na-
tive chromatin, including specifically re-
stricted transcriptional potential, ther-
mal denaturation profile, circular dichro-
ism spectrum, x-ray diffraction pattern,
nuclease limit digest profile, and ultra-
structure. In the case of transcriptional
specificity, the presence of endogenous
messenger RNA (mRNA) on the chroma-
tin complicates the results (/7). Never-
theless, when the presence of such con-
taminating RNA was taken into account,
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transcriptional specificity was still de-
monstrable in the reconstituted chroma-
tin (1). In this report, the fidelity of vari-
ous reconstitution techniques in regener-
ating the subunit (v body) structure of
chromatin (/2, 13) is analyzed. It is
shown that one of the methods common-
ly used for reconstitution gives poor
yields of subunit-containing chromatin.
Other regimes, however, give an excel-
lent recovery of chromatin which is indis-
tinguishable from the native starting
material with respect to ultrastructure,
sedimentation velocity, and nuclease
sensitivity.

Chromatin subunit dimer fractions
were collected from preparative sucrose
gradients of micrococcal nuclease-
treated chicken erythrocyte nuclei as pre-

viously described (/3). Erythrocyte
chromatin is uniformly heterochromatic,
and contains no appreciable protease ac-
tivity (I14). After complete dissociation
by dialysis into 2.5M NaCl, 6.0M urea,
and 2.5 X 10*M EDTA at pH 8.0,
chromatin dimers were allowed to
reassociate by gradient dialysis through
various reconstitution procedures, the fi-
nal buffer solution in each treatment
being 2.5 x 107*M EDTA (Table 1).
Samples were removed at each stage in
the treatment and prepared for electron
microscopy by staining with aqueous ura-
nyl acetate (13). The final reconstituted
products were also analyzed on sucrose
gradients both before and after a brief di-
gestion with micrococcal nuclease, and
peak fractions were examined with the
electron microscope (Figs. 1 and 2). By
this method, the proportion of reasso-
ciated fragments which regained the sedi-
mentation properties of native dimers
could be determined. Nuclease digestion
of reconstituted dimers gave two further
measures of the fidelity of the reassocia-
tion. First, the yield of monomers de-
rived from the splitting of the dimers
could be compared to that obtained by di-
gestion of native dimers; and second, the
amount of free DNA in the reconstituted
chromatin could be monitored, because
the conditions were such that naked
DNA would be digested, and the break-
down products would appear at the top
of the gradient.

Treatment of chromatin with 2.5M
NaCl and 6.0M urea at pH 8.0, which is
widely employed in reconstitution stud-
ies (1-3), dissociates all the histones (10)
and most of the nonhistone proteins. In
experiments with rat liver chromatin, it
has been estimated (I5) that 3 to 5 per-
cent of the protein remained bound to
DNA under similar conditions. In this
study, the dissociated chromatin cosedi-
mented with purified DNA on sucrose
gradients, and appeared as linear fibers
(2.5 nm in diameter) in the electron mi-
croscope (16). The DNA-histone com-
plexes which formed as the dissociated
chromatin was dialyzed to EDTA could
be classified according to their ultrastruc-
ture as follows: native-like dimers con-
sisting of two 8- to 10-nm spherical sub-
units interconnected by a 2.5-nm diame-
ter fiber of DNA; particles with one
subunit plus a 40- to 50-nm ‘‘tail’”; parti-
cles consisting of one subunit but little or
no tail; particles which had formed no
subunits; and overlapping or aggregated
material. Table 1 shows the distribution
of particles obtained from the dimer
regions of sucrose gradients when the va-
rious reconstitution procedures were
used. Examination of the material ap-
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