tions in the H,O molecule and OH™ ion.
No indication of the H;O™ species is distin-
guishable in the spectra. Thus, the degree of
dissociation of water cannot be determined
from the Raman data. A lower bound on
ion concentration can be estimated by as-
suming that mobile protons are the domi-
nant charge carriers. By using a classical
conductivity model and a mean free path of
a molecular dimension, we estimate the pro-
ton concentration to be one proton for every
ten original H,O molecules at pressures
above several tens of gigapascals. Thus, we
estimate the degree of dissociation of water
to be between 10 and 100% above 20 GPa
and 1200 K.

At depths where the pressure exceeds 100
GPa and temperatures are several thousand
degrees kelvin, molecules and ions are ex-
pected to dissociate and form dense, stiff
monatomic or H-O—C-N species or both.
This statement is based on observations of
molecular dissociation at high shock pres-
sures and temperatures. For example, N,
starts to dissociate at only 30 GPa at 6000 K
(23) but remains molecular to 130 GPa at
300 K (24), illustrating that high tempera-
tures inside Uranus are expected to drive
dissociation. Shock-compression curves for
carbon (diamond) (25), nitrogen (23), and
oxygen (26) and theoretical curves for mon-
atomic simple-cubic N (27) and O (28) at 0
K are plotted as pressure versus volume in
Fig. 3. The curves for the monatomic phases
at 0 K are all steep; the shock-compression
curves of liquid nitrogen and oxygen have
comparable steep slopes above 60 GPa and
10,000 K. When dissociation is completed,
intermolecular repulsion is replaced by stiff-
er interatomic repulsion. This transition is
expected to proceed continuously along the
planetary isentrope. In general, elements
probably do not phase separate but form
mixtures or react with each other to form
compounds, which are nearly incompress-
ible as in Fig. 3. Such materials might have
high melting temperatures and condense
out of the solution of the fluid “ice” mixture.
Rock also has a stiff equation of state at high
pressures. Thus, at pressures above 100 GPa
planetary materials are probably close to
their limiting compression, which contrib-
utes somewhat to the large volume of Ura-
nus. That is, pressures above 100 GPa prob-
ably do not cause significant compression of
the phases present because of their small
compressibilities. Figure 3 suggests that all
materials in the deep interior are dense, stiff
materials having a high bulk modulus such
as the diamond phase of carbon, which has
been suggested to form inside Uranus (29).
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Hand of Paranthvopus vobustus from Member 1,
Swartkrans: Fossil Evidence for Tool Behavior

RANDALL L. SUsSMAN

New hand fossils from Swartkrans (dated at about 1.8 million years ago) indicate that
the hand of Paranthropus robustus was adapted for precision grasping. Functional
morphology suggests that Parantiropus could have used tools, possibly for plant
procurement and processing. The new fossils further suggest that absence of tool
behavior was not responsible for the demise of the “robust” lineage. Conversely, these
new fossils indicate that the acquisition of tool behavior does not account for the

emergence and success of early Homo.

HE GENUS Paranthropus GENERALLY
has been assumed to consist of small-
brained, large-toothed early homi-
nids that subsisted on a vegetarian diet (I).
Stone artifacts found with Paranthropus
have been attributed to their contemporaries
of the genus Homo (2). With a small brain
and a vegetarian diet, it was thought that
Paranthropus had neither the intellect nor

Department of Anatomical Sciences, School of Medicine,
S:)ati University of New York, Stony Brook, NY 11794~
8081.

- the impetus to engage in tool behavior (3,

4). Further, the lack of tool behavior was
thought to have contributed to the eventual
extinction of Paranthropus in the early mid-
dle Pleistocene. Most inferences about Par-
anthropus have come from studies of cranio-
dental remains (5). Until now the only
postcranial fossils referred to Paranthropus
are seven bones from Swartkrans (6) and
four from Kromdraai (7).

There are 22 hand bones among 37 new
hominid postcranials from Swartkrans (8).
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These include one nearly complete pollical
(=thumb) metacarpal, one complete pollical
distal phalanx, three finger metacarpals, six
proximal phalanges, eight middle phalanges,
two distal phalanges, and a triquetral. Of the
new hand fossils, eight are from Member 1.
Member 1 (9), the earliest of five members,
is dated at 1.8 million years (10). It has
yielded remains of approximately 130 homi-
nid individuals. The attribution of individ-
ual fossils to Paranthropus is complicated by
the presence of a second hominid taxon
(Homo cf. erectus) at Swartkrans. In Member
1, however, more than 95% of the cranio-
dental remains are attributed to Paranthro-
pus. This fact suggests that there is an
overwhelming probability that any one
specimen recovered from Member 1 samples
Paranthropus. Equally important in this re-
gard, morphological criteria can also be used
to distinguish the two hominids at Swart-
krans. For example, whereas SK 84 resem-
bles a thumb metacarpal from East Africa
that is clearly associated with a Homo erectus
skeleton (WT 15000), both SK 84 and WT
15000 share a feature that is distinct to them
(and presumably distinct to Homo erectus),
and both differ from a new pollical metacar-
pal, SKX 5020. This suggests strongly that
SKX 5020 ought to be assigned to Paran-
thropus. SKX 5016, a pollical distal phalanx,
is consistent both metrically and morpho-
logically with SKX 5020. SKX 5016 is
incompatible in size with SK 84 (11).

These new fossils provide the first direct
morphological evidence that bears on the
question of whether or not Paranthropus
had the capacity to make and use tools.
When comparisons are made between Par-
anthropus and Homo habilis (from Bed I,
Olduvai Gorge), the criteria used to infer
the advent of a well-developed precision
grip in Homo habilis (12-14) are present in
Paranthropus. The hand evidence no longer
supports the idea that early Homo is distin-
guished from Paranthropus by morphologi-
cal adaptations to precision grasp (15) and
tool behavior (16).

Numerous comparative and functional
studies of living primates have identified
morphological correlates of precision and
power grasping (13, 17-19). These and oth-
er studies have documented the advent of
human-like precision grasping in early hom-
inids (12, 13, 17-19). The fossil record
reveals that early hominids such as Australo-
pithecus afarensis, dated at more than 3.0
million years old, did not possess a derived,
human-like thumb or fingers (20). Howev-
er, by approximately 1.8 million years ago
(600,000 years after stone artifacts appear in
the fossil record) hominid fossils show clear
signs of a more human-like thumb and
fingers.
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The new Swartkrans fossils are direct evi-
dence by which to assess the manual dexter-
ity of Paranthropus robustus and thus to
judge the potential for tool behavior in the
“robust” australopithecines. The thumb is
the most diagnostic element of the human
hand in that the thumb is relatively long in

Fig. 1. (a) Volar surface of SKX
5016, pollical distal phalanx
from Member 1. Note the
broad apical tuft and large basal
pit for insertion of an apparent-
ly well-developed, distinctly hu-
man-like flexor pollicis longus
muscle. (b) SKX 5020; volar
surface of first metacarpal from
Member 1. This bone has a
number of derived, human-like
traits and is compatible in size
with the SKX 5016 distal pha-
lanx when the two are com-
pared to an interspecific (Afri-
can ape and human) regression
of distal phalanx length on
metacarpal length (1I). (c)
Manual proximal phalanx SKX
5018 from Member 1 (lateral

view). SKX 5018 has a human- SRR L

like curvature (included angle)

comparison to the fingers (21), the intrinsic
thumb muscles (22) are well differentiated
and a specifically human muscle, the flexor
pollicis longus, is present. The flexor pollicis
longus inserts on a large area on the antero-
basal surface of the distal phalanx, and since
no monkey or ape possesses a flexor pollicis

b c

while retaining a primitive (pongid-like) overall morphology (see Fig. 3). All scales, 1 cm.
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Fig. 2. Regression (least squares) of apex breadth on radio-ulnar breadth of the pollical distal phalanx.
Humans display positive allometry of apical breadth (=expanded tuft) which reflects the broad, fleshy
volar tip of the human thumb. Apes (dashed line) reveal an isometric relationship (slope, 0.998) of
thumb tip to thumb base. Note the extreme breadth of the Paranthropus thumb which indicates an
enhanced volar surface for precision grasping. OH7 from Bed I, Olduvai Gorge (roughly the same
geologic age as Swartkrans Member 1), has a similar thumb morphology.
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Fig. 3. Curvatures of
manual proximal phalan-
ges. Included angles are
size-independent  mea-
sures of longitudinal cur-
vature. SKX 5018 is
straight and essentially
on the human mean
whereas Stw-28, a pre-
sumptive gracile austra-
lopithecine from Mem-
ber 4, Sterkfontein, and
the geologically earlier

afavensis  phalanges
fall within the African
ape ranges. Vertical lines

A. afarensis-
Swart./Sterk-
Human(146)-
Gorilla(88)-
Chimp.(63)-
Bonobo(38)-

Orang.(68)-

333w- 4"\
SKX 5018
e

Proximal phalanges-hand

W 333-63
o 333-62
./Stw—28

333-19
333-9, 333

fm

—_—

fm
——

fm

are group means, black
bars are 95% confidence
limits of the mean, and
long bars are 95% limits

20°

40° 80°

Included angle

of the population. Australopithecus afarensis from site AL 333 = @; A. afavensis (“Lucy”) = A. Male and

female means = m and f.

longus muscle, its bony counterpart on the
distal phalanx is lacking also in monkeys
and apes. The thumb of Paranthropus did
possess a flexor pollicis longus muscle as
judged by the well-defined area of insertion
proximally on the volar aspect of SKX 5016
(Fig. 1a).

Another distinctly human feature of SKX
5016 is the broad, expanded apical tuft on
the distal end of the phalanx. A broad apical
tuft is found on all five human manual rays
but, among extant primates, it reaches its
acme in the human thumb. These tufts have
the effect of broadening the bony support
for the well-innervated and well-vascular-
ized, fleshy fingertip. Neither apes nor mon-
keys have enlarged fleshy pads on their
fingertips and neither do these primates
have expanded bony tufts on their distal
phalanges. The relative development of the
apical tuft on the human thumb is shown in
Fig. 2. When breadth of the tuft is com-
pared to the basal diameter of the distal
phalanx, a dramatic size increase is seen in
humans and especially Paranthropus and
Homo habilis (Fig. 2). The interspecific re-
gression, which is heavily weighted by the
human sample, yields a positive slope
(1.32). The African ape regression, with a
slope of 0.998, reveals an isometric relation
between tuft and phalangeal size in the apes.
While apical tufting is pronounced in hu-
mans, it is even more so in Paranthropus
(and Homo habilis). As judged by SKX 5016,
the thumb of Paranthropus undoubtedly had
a very pronounced fleshy tip.

The pollical metacarpal in humans is thick
and has a very broad basal articular surface.
SKX 5020, is a human-like, right first meta-
carpal with a thick shaft and a broad base. The
saddle joint at the base of the thumb in Old
World monkeys, apes, and humans allows
concomitant flexion and axial rotation of the
thumb so that its volar surface opposes those
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of the fingers. While Old World monkeys,
apes, and humans all have a saddle joint at
the base of the thumb, humans have an
exceptionally broad basal joint. The in-
creased surface area in the human thumb
serves to reduce joint stress in the form of
compressive forces that result from contrac-
tion of the powerful flexor pollicis longus
and hypertrophic intrinsic thumb muscles.
Joint compression forces in the carpometa-
carpal joint of humans average 12.0 kg
during simple pinching; these forces reach
120 kg during strong grasping (23). Finally,
the human thumb has a well-developed op-
ponens pollicis muscle that serves to rotate
the thumb into opposition with the fingers.
An indication of the strong development of
this muscle is seen at its insertion site on the
metacarpal shaft at which point in humans a
crest or other indication is normally found.
SKX 5020 displays a human-like crest on its
lateral margin (Fig. 1b).

The finger bones (digits II through V) of
Paranthropus also show signs of a well-
developed precision grip and a lessened po-
tential for power grasping. Evidence of a
derived, human-like precision grip is sug-
gested by the short, straight proximal pha-
langes of rays II through V. Whereas man-
ual proximal phalanges II through V in
carlier hominids such as Awustralopithecus
afavensis (and A. afiicanus) possess ape-like
curvatures and are relatively long (24), the
proximal phalanges of Paranthropus lack
primitive, ape-like curvatures (Fig. 3). SKX
5018, a complete proximal phalanx (Fig.
1c), has an included angle of 25.9°, essen-
tially at the human mean of 24° and well
outside of the 95% confidence limits of any
ape mean. While this and other proximal
phalanges from Swartkrans retain a some-
what primitive overall character (25), the
reduced curvatures suggest a reduced em-
phasis on power grasping (compared to

carlier hominids) and a diminished climbing
ability.

Earlier assertions that Paranthropus was
not a toolmaker or user (26) were not based
on anatomical evidence. Earlier morpholog-
ical and comparative evidence (27) consisted
mainly of assumptions about the relation
between brain volume (and intelligence)
and cultural capacity. There were no fossils
and, thus, there could be no discussion of
relevant, diagnostic fossil evidence. The new
Member 1 hand fossils indicate that the
hand of Paranthropus was indeed “homi-
nized.” The human-like first metacarpal, the
human-like first distal phalanx with its broad
apical tuft and flexor pollicis longus inser-
tion, and the short, straight fingers indicate
that the robust australopithecines had much
the same morphological potential for re-
fined precision grasping and for tool behav-
ior as do modern humans [and as did Homo
habilis (28)].

Not only is the morphology of the hand
of Paranthropus suggestive of tool behavior,
but numerous bone and stone artifacts are
also found in Member 1 and throughout
Swartkrans (29). The bone artifacts are
mostly shaft fragments that show signs of
having been used for digging (30). The
stone artifacts range in size from 13 g to
1257 g and have a primitive character (31).
Given the widespread notion that Paran-
thyopus lived on an essentially vegetarian diet
consisting of hard food items (32), it might
be that Paranthropus fashioned bone and
stone implements and then used them for
vegetable procurement and processing. If
so, then perhaps Paranthropus invented or
adapted tool behavior to vegetarian subsis-
tence while the other early hominids applied
their tools to a different dietary regime. In
any case, the new evidence from Swartkrans
demands a reassessment of traditional views
of the robust australopithecines and long
held notions that the advent of tool behavior
and “culture” distinguished early Homo from
other early hominids, that tools initiated the
human career, and that, because of the lack
of tool behavior (or the morphological po-
tential for it), Paranthropus became extinct.
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Insulin-Resistant Diabetes Due to a Point Mutation
That Prevents Insulin Proreceptor Processing

YASUNAO YOSHIMASA, SUSUMU SEINO, JONATHAN WHITTAKER,
Taxkaxo Kakeni, AtsusHI Kosaki, HipesH1 Kuzuya, HIRoO IMURA,
GRAEME 1. BELL, DONALD F. STEINER*

A point mutation in the human insulin receptor gene in a patient with type A insulin
resistance alters the amino acid sequence within the tetrabasic processing site of the
proreceptor molecule from Arg-Lys-Arg-Arg to Arg-Lys-Arg-Ser. Epstein-Barr virus—
transformed lymphocytes from this patient synthesize an insulin receptor precursor
that is normally glycosylated and inserted into the plasma membrane but is not cleaved
to mature o and B subunits. Insulin binding to these cells is severely reduced but can be
increased about fivefold by gentle treatment with trypsin, accompanied by the
appearance of normal « subunits. These results indicate that proteolysis of the
proreceptor is necessary for its normal full insulin-binding sensitivity and signal-
transducing activity and that a cellular protease that is more stringent in its specificity
than trypsin is required to process the receptor precursor.

HE INSULIN RECEPTOR IS A HETERO-

tetrameric integral membrane pro-

tein composed of two o and two 8
subunits. The o subunit contains the insulin
binding site and is disulfide-bonded to the
NH,-terminal portion of the B subunit. The
receptor is anchored in the plasma mem-
brane through a single membrane-spanning
region in the B subunit (I, 2). The o and
subunits are generated by proteolytic pro-
cessing of a single chain proreceptor. Cleav-
age of the proreceptor normally occurs dur-
ing the intracellular migration of the newly
synthesized protein from the rough endo-
plasmic reticulum to the plasma membrane,
presumably in the Golgi apparatus or an
carly post-Golgi vesicular stage (3).

The subject described here was a 23-year-
old Japanese woman who was the product
of a consanguineous marriage. Diabetes was
first diagnosed at age six; she exhibited
many of the clinical features associated with
the type A syndrome of severe insulin resist-
ance (4), including insulin-resistant (nonke-
totic) diabetes mellitus with markedly ele-
vated serum insulin values (rising from a
fasting level of 242 to 1421 wU/ml at 2
hours after glucose administration), acan-
thosis nigricans, hirsutism, and virilization.

Her older sister was similarly affected. In
addition, they exhibited some features not
normally considered part of this syndrome,
including mental retardation, short stature,
and dental dysplasia. The latter two features
have also been reported in an unrelated
subject with Rabson-Mendenhall syndrome
who expressed an altered insulin receptor
5).

Studies with Epstein-Barr virus (EBV)—
transformed lymphocytes of this individual
revealed the following abnormalities: (i)
markedly reduced binding of '*I-labeled
insulin in both intact cells and lectin-puri-
fied membrane preparations, (ii) the virtual
absence of normal mature « and B subunits,
(iii) increased amounts of immunoprecipita-
ble material corresponding in size to the
210-kD uncleaved form of the fully glycosy-
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