
no curative effect of the vitamin. Hu- 
mans with pernicious anemia respond 
to treatment with B12 by a marked in- 
crease in reticulocytes within 3 to 5 

days (4). We found no increase in per- 
centage of reticulocytes in either af- 
fected or conitrol mice, 48 and 58 days 
old, at 5 days after the first of three 

daily injections of 3.75 [kg of B12. In 
affected growing mice, daily injections of 
1 /xg of B12 for 5 days per week, 
beginning at 2 or 4 days of age, failed 
to alleviate the anemia or tihe weight 
deficit. The treatment also failed to 

prevent the onset of behavioral symp- 
toms at the usual time or to prevent 
early death. 

As further evidence for lack of simi- 
larity between this syndrome and perni- 
cious anemia, we have found that gastric 
acidity is normal (pH 1 to 2), and that 
the stomach is histologically normal in 
cribriform degeneration. 

The distribution of Na+, K+, and 
Cl- is abnormal in cri/cri mice. Obser- 
vations (5) have shown that mutant 
mice drink physiological saline in pref- 
erence to water, and that they have de- 
creased concentration of K+ in plasma, 
decreased concentrations of Na+ and 
K+ in urine, increased concentration of 
Na+ in hair and feces, and increased 
concentration of Cl- in the sweat on 
the plantar surface of the hind feet. 
With respect to electrolyte balance, cri 
has some similarity to cystic fibrosis, a 
recessively inherited disease in humans. 

Other effects of cri/cri include a re- 
duction in size of some of the endo- 
crine glands. In particular, the anterior 
lobe of the hypophysis is dispropor- 
tionately reduced in comparison with 
the other two lobes, the testes are small 
with fewer mature sperm and fewer 
interstitial cells than normal controls, 
and the thyroid has small follicles lined 
with epithelium that is lower in height 
than that of normal controls. These ef- 
fects may be nonspecific consequences of 
the general debility of the affected ani- 
mals. Electron microscopic examination 
of the anterior hypophysis of cri/cri 
mice shows growth hormone cells of 
normal appearance, as well as the other 
cell types seen in controls. In addition, 
although the vaginas of most cri/cri fe- 
males do not open even if they survive 20 
days or more beyond the normal time of 
vaginal opening (about 30 days in 
DBA/2J controls), vaginal opening was 
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mice are slightly wavy. This is true both 
on the D'BA/2J background and in af- 
fected mice from the linkage cross. This 
characteristic is often helpful in identi- 

fying affected mice before the abnormal 
behavior becomes severe enough to be 
diagnostic. 

The basic defect caused by cri is as 
yet unknown. The abnormal distribu- 
tion of electrolytes suggests that an 
abnormality of electrolyte transport 
may underlie the other defects, but 
the mechanism remains to be discov- 
ered. 
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Estimates of the temporal separation 
of the Hominidae and Pongidae have 
been the source of heated debate for 
over a century. Calculations based upon 
immunological distances of homologous 
serum proteins have been used to chal- 
lenge more traditional approaches, 
which usually place the age of this di- 
vision sometime in the Miocene (1-4). 
The strongest advocates of the "protein 
clock" approach have suggested dates 
as recent as 4 million to 6 million years 
ago (5, 6). Their calculations are based 
upon two fundamental assumptions. 
The first is that some significant pro- 
portion of amino acid residues in the 
primary structure of a protein are sub- 
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ject to replacement by other residues 
without a significant alteration of the 
biological function of the protein. The 
second is that such replacements occur 
at rates that are subject to mensuration 
in units of geologic time (7, 8). We 
believe that the latter may involve a 
fundamental error. 

For either divergence times or 
"rates" of protein evolution to be deter- 
mined, mutation rates and rates of 
amino acid substitutions must be cali- 
brated in biologically meaningful units 
of time, such as nucleotide shifts 
(point mutations) per DNA replication 
per standard time unit. Mitosis provides 
an opportunity for nucleotide altera- 
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Table 1. Data for DNA hybridization and albumin immunological distances, ID, for various 
primates with calculated mutation rates, ,u, in units of ID per generation per million years. 
The DNA hybridization distances were obtained by reassociation of radioactive nonrepeated 
DNA with total nonradioactive DNA, followed by assay of thermal stability (10). The albumin 
immunological distances were obtained by micro-complement fixation (6). 

DNA Serum albumin 

~Primates Nucleotide change 
since divergence t ID 

(%) 

Man-chimpanzee 2.6* 7* 
Man-prosimiant 54 1.19 123 2.71 
Old World monkey- 10.8 0.98 30 2.72 

chimpanzee 
* Used to calculate a. ' The primate used for DNA study was the Galago. The albumin value 
is an average for Lemur and Loris. 

803 

Table 1. Data for DNA hybridization and albumin immunological distances, ID, for various 
primates with calculated mutation rates, ,u, in units of ID per generation per million years. 
The DNA hybridization distances were obtained by reassociation of radioactive nonrepeated 
DNA with total nonradioactive DNA, followed by assay of thermal stability (10). The albumin 
immunological distances were obtained by micro-complement fixation (6). 

DNA Serum albumin 

~Primates Nucleotide change 
since divergence t ID 

(%) 

Man-chimpanzee 2.6* 7* 
Man-prosimiant 54 1.19 123 2.71 
Old World monkey- 10.8 0.98 30 2.72 

chimpanzee 
* Used to calculate a. ' The primate used for DNA study was the Galago. The albumin value 
is an average for Lemur and Loris. 

803 

Primate Phylogeny and Immunological Distance 

Abstract. Recalculation of the time of divergence of the Pongidae and Hominidae 

after correction of immunological distance by inclusion of generation length yields 
minimum dates of approximately 14 million years ago. 

Primate Phylogeny and Immunological Distance 

Abstract. Recalculation of the time of divergence of the Pongidae and Hominidae 

after correction of immunological distance by inclusion of generation length yields 
minimum dates of approximately 14 million years ago. 



tions once per cell generation. Thus, 
the mutation rate will be dependent 
upon the number of cell generations 
that separate zygote and gamete. This 
is undetermined for mammals (9) but, 
because primordial germ cells are set 
aside early in the embryo, there is no 
basis at present which indicates that 
the number of cell generations involved 
substantially varies in primates of dif- 
ferent generation lengths. Therefore, a 
factor that critically affects the time 
rates of protein evolution is generation 
length (10, 11). The inclusion of gen- 
eration length has a dramatic effect 
upon biochemically determined dates 
of the hominid-pongid divergence. As 
we are primarily concerned with illus- 
trating the effect of its inclusion in cal- 
culations of protein evolutionary rates, 
we have used only one definition here 
(150 percent the age of menarche) 
(12). 

A major trend in Cenozoic primate 
evolution has been the progressive neo- 
cortical encephalization (1.3-15). A 
number of reproductive adaptations 
have accompanied this increase; these 
include greater gestation periods, in- 
creased "efficiency" of placentation, 
and longer generation lengths (11, 13, 
14, 16). Because these adaptations are 
highly correlated with the degree of 
encephalization among living primate 
taxa (13, 14, 17), we have used the 
development of the neocortex (as 
judged from fossil endocasts) as an 
index of generation length in extinct 
taxa. 

The similarity of encephalization be- 
tween living prosimians and Paleocene 
and Eocene primates has been pointed 
out (13, 18). We have thus estimated 
generation length in the Paleocene on 
that of Tupaia (19, 20), and in the 
Eocene on those of lemuriforms and 
lorisiforms, for which observations of 
age of menarche are available (21, 
22). We have made a third estimate 
for 30 million years ago, which is the 
approximate K/Ar determination for 

Aegyptopithecus (23, 24). The cranial 
anatomy of this form is generally simi- 
lar to that of extant cercopithecoids 
(24), and we have therefore estimated 
the age of menarche in the hominoids 
of this epoch by that of present-day 
Old World monkeys (25). A final point 
is based upon data for the modern 
chimpanzee (26). The number of gen- 
erations per year for these four points 
has been plotted in Fig. 1. A curve of 
the form X (t) =atb was fitted to 
these points (see legend to Fig. 1). 

We also make the assumption that 

804 

1.75, 

1,50 

1.25- 

. 1.00- 

2 '0,75 

(D 

0.50. 

0.25. 

*= X3(t) 
A= X2(t) 
*= XI (t) 

0 10 20 30 40 50 60 70 

Million years 

Fig. 1. Primate generations per year 
[Xi(t)] plotted against years since the be- 
ginning of the Cenozoic. The Xj(t) have 
been approximated by Xj(t) = 10.75tr-" 
(r=-.9989). The number of genera- 
tions per year of the Old World monkey 
is assumed to be of the form X2(t) = 
at', where the values Xo(33) =X1(33) 
= 0.191 and X2(70) = 0.167 are known. 
This gives X2(t) = 0.216t-0181. The num- 
ber of generations per year of Lemur 
and Loris are assumed to be X3(t) = 
XJ (t) for t between 5 million and 20 
million years and X(t) = 0.333 for t be- 
tween 20 million and 70 million years. 

generation length in the hominid and 
pongid clades (phyletic lines) has not 
substantially differed for the greater 
part of their existence as separate line- 
ages. That is, we assume that the 
marked encephalization of hominids 
(and commensurate increase in genera- 
tion length) was restricted to the late 
Pliocene and Pleistocene. If we also as- 
sume that immunological distances 
(ID), or similar data such as DNA 
hybridization data (see Table 1), are 
functions of the number of generations 
occurring in both lineages since their 
divergence, we can find the divergence 
dates (a) by summing the accumulated 
ID as follows: 

70 

ID c-m 2Jf X(t)dt 

where IDe.AI is the immunological (or 
DNA) distance between chimpanzee 
and man, and tu is the mutation rate in 
ID units per generation per mill,ion 
years. We can find the mutation rate 
(,t) by considering the divergence dates 
of hominoids and other primates from: 

IDH-Y 
0--7 
.f [Xi(t) + Xj (t)]dt 

where ID1.y is the immunological dis- 
tance for a hominoid and other primate 
lineage, / is the divergence date for the 

lineage, j =3 for ID's between man and 
prosimians, and j=2 for ID's between 
chimpanzees and Old World monkeys 
(see legend of Fig. 1). 

Assuming that the populations an- 
cestral to the Hominoidea separated 
from those ancestral to the Cercopithe- 
coidea about 37 million years ago 
(Eocene-Oligocene boundary) and that 
those ancestral to the Lemuriformes 
and Lorisiformes separated from the 
Hominoidea about 65 million years ago, 
we calculated mutation rates and times 
of divergence for man and chimpanzee 
from the ID's in Table 1. The solutions 
gave divergence dates of 14 million 
years ago from albumin ID's and 14 
million and 12 million years ago from 
DNA hybridization percentages. 

The above results should be regarded 
as minimum estimates. Even if the as- 
sumption of equivalent generation 
length for hominids and pongids is cor- 
rect, there still remain the prolonged 
generations of hominids in the late Pli- 
ocene and Pleistocene. In addition, we 
have consistently chosen conservative 
calibration dates. It is likely that the 
divergence of the hominoids and cer- 
copithecoids took place before the 
Eocene-Oligocene boundary and that 
the divergence of anthropoids and 
lemuriforms and lorisiforms took place 
before the Paleocene-Eocene boundary 
(27). On the other hand, if the rela- 
tively long generations of the Homi- 
noidea are a very recent phenomenon, 
then we may have calculated too early 
a divergence. At the present, however, 
this does not seem likely; this brings 
us to the final and most important 
consideration. 

Specific dates of divergence for 
hominids and pongids based upon im- 
munological distances among primates 
have received considerable criticism on 
grounds other than those discussed in 
this report (8, 28). These criticisms, 
in addition to the dramatic effect of 
normalization for generation length, 
demonstrate the equivocal accuracy of 
the "protein clock." The calculations 
presented above require numerous as- 
sumptions, any one of which, if signifi- 
cantly incorrect, would lead to substan- 
tial error. The "protein clock," when 
properly calibrated, requires the as- 
sumption of constant rates of protein 
evolution (and ignores such phenomena 
as parallel evolution at the molecular 
level), requires estimates of other di- 
vergence dates for calibration, requires 
accurately estimated generation lengths, 
and requires the assumption (or cal- 
culation) of the number of cell gener- 
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ations between zygote and gamete. 
Thus, our conclusions point to the need 
for even more detailed study of com- 
parative anatomy and the fossil record, 
because without such study, the accu- 
rate calibration of "protein clocks" will 
be difficult if not impossible. 
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Kent State University, 
Kent, Ohio 44242 
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Insulin exerts many, if not all, of its 
metabolic effects on adipose cells by in- 
teracting with specific superficial recep- 
tors on the membrane (1, 2). The spe- 
cific binding of [125I]insulin to intact, 
metabolically responsive cells appears to 
provide a sensitive method of directly 
measuring the initial interaction of the 
hormone with specific cell receptors by 
means which are independent of com- 
plex metabolic parameters (3). This 
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binding interaction with intact cells and 
with cell membranes involves biologi- 
cally active receptors for insulin (3, 4). 
We studied the specific binding of 
[1251]insulin to isolated adiposites of rats 
in a variety of "insulin-resistant" meta- 
bolic states in order to assess the possi- 
ble contribution of defective or dimin- 
ished receptor binding in these condi- 
tions. 

Adiposites obtained from rats that 
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Table 1. Effect of starvation, prednisone administration, streptozotocin diabetes, and species 
differences on insulin enhancement of glucose transport in isolated adiposites. Adiposites were 
prepared (11) from epidydimal fat pads of Sprague-Dawley rats. The cells (0.5 X 104 to 
2 X 104) were incubated for 90 minutes at 37?C in 1 ml of buffer (Krebs-Ringer-bicarbonate) 
containing 2 percent (weight to volume) albumin and 0.2 mM D-['4C]glucose (5.1 ,c/Amole) (2). Rats treated with prednisone received 1 mg of prednisone intraperitoneally daily for 7 days. 
Streptozotocin was administered as a single intraperitoneal injection in 0.1M sodium citrate 
buffer, pH 4.0, at a dosage of 70 mg/kg, 7 days prior to the experiment. The diabetic state 
was indicated by a glucosuria greater than 0.5 mg per 100 ml. Separate experiments, 
each with separate control cells, are also presented. Various concentrations of porcine insulin 
were used in the range of 10-11 to 10-8M; only representative values are presented here. The 
glucose oxidation assay was repeated at least once for each "resistant" state. Standard devia- 
tions in these experiments varied from 3 to 6 percent. The specific binding of ["251]insulin to 
fat cells from the different animals is described in Table 2. 

Conversion of D-[14C]glucose to 14CO2 
[moles of '4CO2 per cell per minute (X1016)] 

Animal Weight at insulin concentrations of: 
(g) 

?0 8.5 X 5.3 X 2.6 X crns 10-rM 10-M -M crease* 

Fed ratt 320 3.3 15 354 
Fed ratt 120 3.0 12 300 
Starved ratt 230 1.0 1.2 20 
Control rat 133 2.2 7.9 9.5 332 
Prednisone-treated rat 101 1.6 2.0 2.9 81 
Control rat 137 5.3 16 17 220 
Streptozotocin-diabetic rat 138 3.4 4.6 5.2 53 
Control rat 101 1.8 7.7 9.7 438 
Hamster 107 1.6 1.5 1.7 6 
Guinea pig 457 3.0 3.3 3.7 23 
Control rat 127 5.9 9.8 13 120 
Mouse 27 7.4 7.8 8.6 16 
Rabbit 3000 2.8 2.9 2.0 
* Increase of baseline rate of glucose oxidation observed with the highest insulin concentration studied. t Average diameter of fat cells from 320-g rats, 70 Azm; average diameter of cells from 120-g rats, 32 Atm (10). $ Obtained from the control, fed group (320 g), then starved for 5 days; average fat cell diameter, 36 /tm. 
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Insulin Receptor of Fat Cells 

in Insulin-Resistant Metabolic States 

Abstract. A diminished response to insulin is exhibited by isolated fat cells 
obtained from rats that have been either starved, or treated with prednisone, or 
made diabetic by administration of streptozotocin. This decrease in response is 
not accompanied by changes in the quantity of insulin receptor of these cells or 
in the affinity of these receptors for insulin. Similarly, the decreased responsiveness 
to insulin of fat cells obtained from certain species (hamster, rabbit, mouse, guinea 
pig) is not explainable in terms of alterations of t.e insulin receptor. 
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