
Table 1. Effect of warfarin on localization 
of colony-forming units in regenerating liver. 
All cells were intravenously injected within 
3 hours following 900 rad of whole-body x- 
irradiation of recipients. 

Mice Time of Nodules per 
in killing Treat- spleen of 

recipi- after ment recipients 
ent injection of (Mean t 

group of cells donors S.E.) 
(No.) (days) 

Liver cells injected (20 mg) 
13 7 None 0.31 ? .17 
14 7 CC14 2.64 ? .41 

12 7 ccl4 + 0.42 ? .23 warfarin 
13 7 Warfarin .31 ? .14 

4 10 Untreated .50 ? .29 
6 10 CCI, 3.67 ? .16 

5 10 CC14 + 0.40 ? .24 warfarin 
CC14 + 

6 10 warfarin + 2.83 ? .54 
vitamin K 

5 10 Warfarin 0.20 ? .20 

6 X 104' Bone marrow cells 
4 10 Untreated 11.75 ? .63 
6 10 Warfarin 12.33 ? .71 
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cell injection. Recipient mice injected 
intravenously with bone marrow cells 
did not require prior injection with 
heparin. At the same time that the 
liver slices were taken, bone mar- 
row cells were taken from wash- 
ings of the femur with culture medium. 
Cells were counted and diluted in cul- 
ture medium to a count of 6 X 104 cells 
for each intravenous dose of 0.2 ml. 

Recipient mice were killed at 7 and 
10 days after intravenous injection of 
cells, spleens were removed intact and 
placed in formalin-acetic acid, and 
nodules were counted macroscopically 
before sectioning. 

As measured by the production of 
macroscopic nodules in the spleens of 
lethally irradiated mice, the intrave- 
nous inoculum of liver cells from mice 
previously injected with carbon tetra- 
chloride contains approximately eight 
times as many colony-forming units as 
control liver cells do (Table 1). The 
administration of warfarin prevents 
the increase in colony-forming units in 
livers injured by CC14; concurrent ad- 
ministration of vitamin K restores the 
increase in the number of colony-form- 
ing units in mice treated with warfarin 
and CC14. The effect of warfarin is 
probably due to its inhibition of fibrin 
formation in the livers of mice treated 
with CC14, which suppresses the trap- 
ping of colony-forming units from the 
circulating blood leukocytes. Bone mar- 
row cells from warfarin-treated mice 
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contain the same number of colony- 
forming units as bone marrow cells 
from control mice. 

Our results suggest that extramedul- 
lary hemopoiesis, rather than resulting 
from a transformation and differentia- 
tion of primordial cells originally lo- 
cated in extramedullary tissue, occurs 
when hemopoietic progenitor cells, de- 
rived from the bone marrow and cir- 
culating in the peripheral blood, local- 
ize in extramedullary tissue such as 
liver. These hemopoietic stem-cell ele- 
ments, in common with metastatic 
tumor cells, may require the deposition 
of fibrin to establish themselves in tis- 
sue. The question arises whether the 
localization and establishment of hemo- 
poietic colony-forming units in "nor- 
mal" sites of extramedullary hemo- 
poiesis, such as the spleen, can be ad- 
versely affected by anticoagulants. 

Note added in proof: In cytogenetic 
studies (18) on regenerating liver (after 
CC14 administration) of radiation- 
chimeric mice, 89 percent of the cells 
(from 11 chimeras) in mitosis (pre- 
sumably the cells were parenchymal) 
were identified as donor type, derived 
from the injected spleen cells. In view 
of our results and those of Nowell et al. 
(17), it seems likely that at least some 
of the T6-containing cells in liver ob- 
served by Hard and Kullgren (18) may 
in fact be hemopoietic colony-forming 
units of extra-hepatic origin. 

MYRON L. VARON 
LEONARD J. COLE 

U.S. Naval Radiological Defense 
Laboratory, San Francisco, California 
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Chainpur-like Chondrites: Primitive 

Precursors of Ordinary Chondrites? 

Abstract. Chainpur and similar, ap- 
parently primitive, chondritic meteor- 
ites may be precursors of ordinary 
chondrites; a variety of evidence sup- 
ports this working hypothesis. In gen- 
eral, carbonaceous chondrites seem to 
be related collaterally to this genetic 
sequence rather than being direct an- 
cestors of ordinary chondrites. 
Metamorphic processes may be respon- 
sible for fractionations of elements such 
as indium and iodine, and type-II car- 
bonaceous chondrites seem to be more 
primnitive than types I or IIIA. 

A long-standing problem has been an 
adequate and self-consistent explana- 
tion of the observed properties of chon- 
dritic meteorites (1, 2). Chondrites 
comprise about 85 percent of observed 
meteoritic falls (3); they divide into 
various classes, notably carbonaceous 
chondrites, enstatite chondrites, and 
ordinary chondrites. Each of these ma- 
jor classes may be separated into sub- 
classes-for example, the ordinary 
chondrites are generally subdivided into 
the Fe-rich group, the Fe-poor group, 
and Soko-Banjites (4, 5, 6). We now 
consider evidence bearing on the re- 
lations among the ordinary and car- 
bonaceous chondritic classes (7). 

The ordinary chondrites are quite 
homogeneous in composition in most 
"nonvolatile" elements, the most prom- 
inent exception being the total content 
of Fe (2, 4). The average metal con- 
tent of the Fe-rich group exceeds that 
of the Fe-poor group by about 9 or 10 
percent; FeO contents of the ferro- 
magnesian silicates of these meteorites 
vary less, in the opposite sense. Recent 
comprehensive studies (6, 8) suggest 
that addition of roughly 6 percent metal 
to Fe-poor chondrites and reduction of 
some FeO to Fe could have produced 
Fe-rich chondrites, the silicate phases 
of these meteorites having essentially 
the same composition (FeO content 
excluded). Of course, the process of 
metal transport coupled with oxida- 
tion, or reduction, could have occurred 
in the other direction, making Fe- 
poor chondrites from material of Fe- 
rich-group composition (6). 

Also, the sequence of events may 
well have been much more complicated 
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tion, or reduction, could have occurred 
in the other direction, making Fe- 
poor chondrites from material of Fe- 
rich-group composition (6). 

Also, the sequence of events may 
well have been much more complicated 
than this simple model suggests. In any 
case, the materials implicated were 
probably chemically similar (in a gross 
sense) to those we observe now but 
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physically quite different. The impor- 
tant point is that ordinary chondrites 
may in principle be related to each 
other by relatively simple chemical-dif- 
ferentiation processes. 

It has also been suggested that at 
least some ordinary chondrites seem to 
be related one to another, within each 
subclass, by consistent physical changes 
which, if they were observed in ter- 
restrial rocks, would probably be as- 
signed a metamorphic origin (9). Thus 
ordinary chondrites in general may pos- 
sibly prove to be genetically related to 
each other in a simple way. 

One may consider whether there 
is evidence tending to link ordinary 
chondrites with other classes or sub- 
classes of chondritic meteorites. If a 
plausible argument for the existence of 
such a relation could be constructed, it 
might be possible to place almost all 
stone meteorites in a well-defined ge- 
netic sequence. Various suggestions 
have been offered regarding the pre- 
cursors of ordinary chondrites: Type I 
carbonaceous chondrites, with Orgueil 
the usual prototype, have frequently 
been alleged to be the most primitive 
of meteorites and the precursors of all 
others (10). The unique type-II carbo- 
naceous chondrite Renazzo has served 
as the foundation for an ingenious 
model of chondritic evolution; the 
type-IIIB chondrite Tieschitz also has 
been considered an example of a primi- 
tive chondrite (11). We have recently 
considered the possibility that type- 
II carbonaceous chondrites are in gen- 
eral more primitive than other carbo- 
naceous chondrites and may be ances- 
tral to them, but it seems unnecessarily 
speculative at present to try to link 
ordinary chondrites with the type-II 
subclass. 

Dodd and Van Schmus (9) sug- 
gest that the meteorites Chainpur, Bar- 
ratta, and Bishunpur (among others) 
may be classified as relatively highly 
disequilibrated members of the Fe-poor 
group; the basis is petrographic cri- 
teria and such chemical evidence as the 
range of variations of major-element 
composition in mineral grains of these 
meteorites. Relying largely on elemental 
abundances determined by instrumental 
neutron-activation analyses over the en- 
tire spectrum of chondritic classes, we 
have placed these meteorites ('also 
Ngawi and Tieschitz) in a separate sub- 
class, type IIIB (12). We have also 
suggested [as has Wood (13)] that 
they represent precursors of recrystal- 
lized Fe-poor chondrites, entirely in- 
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dependently of the arguments of Dodd 
and Van Schmus. As a working hy- 
pothesis, we now propose that type- 
IIIB chondrites, with Chainpur as a 
type specimen for the present, are the 
precursors of ordinary chondrites (all 
subclasses) and that they should be 
regarded as comparatively primitive. 
The following observations support this 
hypothesis: 

1) Chainpur has minerals and chon- 
drules zoned or heterogeneous (or 
both), and glass is observed in the 
chondrules (9, 14). These properties 
imply that this meteorite has not been 
strongly reheated late in its history. 

2) Major and minor elemental 
abundances of Na, Si, Mg, Al, Sc, 
Cr, Mn, Fe, Co, and Cu in Barratta, 
Bishunpur (Co excepted), Chainpur, 
Ngawi, and Tieschitz (Fe and Co ex- 
cepted) are strikingly similar to those 
found in the Fe-poor group of chon- 
drites and the Soko-Banjites (12, 15). 
The great Fe and Co abundances in 
Tieschitz are similar to those found in 
the Fe-rich group of chondrites. Thus 
metamorphism of type-IIIB chondrites 
into their analogs among ordinary chon- 
drites would not entail large-scale chem- 
ical modifications. This observation is 
especially pertinent in terms of the Mg: 
Si ratios that are systematically different 
when ordinary chondrites are com- 
pared with most carbonaceous chon- 
drites (16); in this sense, Chainpur, 
though carbonaceous, resembles the 
ordinary chondrites. Urey (17) has 
pointed out that, depending on whether 
CO or CO2 is formed, reduction of 
FeO by the carbon present in Chain- 
pur would lead to a metallic-Fe con- 
tent of between 5.7 and 8.3 percent, 
leaving between 12.9 and 9.5 per- 
cent FeO in the silicates; such compo- 
sition would be in reasonable ,agree- 
ment with the averages of the Fe-poor 
group of chondrites or the Soko-Ban- 
jites. 

3) Indium abundances have recently 
been determined in several carbona- 
ceous (18, 19) and ordinary chondrites 
(18); the element is one that is mark- 
edly more abundant in carbonaceous 
than in ordinary chondrites-which ob- 
servations have led to several attempts 
to devise models of geochemical proc- 
esses that may have given rise to these 
fractionations (2, 20). According to 
our recent results Chainpur contains In: 
Si (atoms) at 0.10 -+- 0.01:106; this 
ratio equals the average observed atomic 
abundance of In in Mighei (type II) 
and is comparable with the average ob- 

served ratios in Orgueil (type I; 0.21: 
106), Lance (type IIIA; 0.05:106), and 
the enstatite chondrite Abee (0.12: 
106). Indium is about 250 times less 
abundant in ordinary chondrites than 
in Chainpur of Mighei (our analyses 
of five ordinary chondrites yielded an 
average In:Si ratio of 0.0004 _+ 
0.0002:106). We believe that this chem- 
ical fractionation was indeed a deple- 
tion of In in ordinary chondrites, and 
that Chainpur is therefore more primi- 
tive than ordinary chondrites. It is in- 
teresting that the Suess-Urey abundance 
estimate (In:Si) of 0.11:106 (21) is 
in excellent agreement with our results 
on Chainpur, Mighei, and Abee; their 
estimate was derived from examination 
of abundances and isotopic ratios of 
neighbors of In in the periodic table- 
not from analytical data on In in 
meteorites or in the sun. Thus the con- 
cordance of In atomic abundances in 
three different kinds of chondritic me- 
teorites, among themselves and with the 
Suess-Urey estimate, is clearly signifi- 
cant. 

4) Abundances of Cl, Br, and I in 
a number of chondrites have been de- 
termined (22). While these elements 
are fractionated between ordinary and 
carbonaceous chondrites less strikingly 
than In, the data indicate that Chain- 
pur resembles carbonaceous (and ensta- 
tite) chondrites more than ordinary 
chondrites in its halogen contents. Of 
particular interest are the I data: the 
Chainpur content is 200 ppb (parts per 
billion), which is more than 10 times 
greater than the highest value for ordin- 
ary chondrites (22) and about 3 times 
greater than the highest value found 
for ordinary chondrites other than Er- 
gheo and Stailldalen (23). The Chain- 
pur value lies comfortably within the 
range determined for carbonaceous 
chondrites. Thus, if iodine is depleted 
in ordinary chondrites but not in car- 
bonaceous chondrites, Chainpur has not 
been subjected to this depletion and 
thus may be considered more primitive 
than ordinary chondrites. 

5) Ranges of the dispersions in Mn- 
abundance histograms for chondrule 
batches from types II, IIIA, and IIIB 
(specifically, Chainpur) carbonaceous 
chondrites are very similar (24). This 
similarity implies similar thermal his- 
tories for chondrules from these sub- 
classes, and in particular that there has 
been little or no thermal meta- 
morphism of these meteorites (since 
dispersions of Mn abundances in such 
chondrule batches decrease markedly in 
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recrystallized chondrites). Chainpur is 
as primitive as any type II or IIIA chon- 
drite by this criterion. 

6) Fractionation patterns of the 14 
rare-earth elements (REE) are almost 
identical in chondrules of Chainpur and 
Mokioa (type IIIA); the patterns are 
defined relative to the uniform REE 
distribution in 20 ordinary chondrites 
(25). Normalizing to Yb abundances, 
we find that REE in both Chainpur and 
Mokoia chondrules have been linearly 
fractionated, in the sense of a small de- 
pletion of the light REE, when their 
distributions are compared with the 
standard. The depletion seems to be 
:20 percent for La, which is probably 
beyond experimental error. Absolute 
abundances of the REE in Chainpur 
chondrules agree well with those in 
ordinary chondrites. In chondrules of 
the ordinary (and recrystallized) chon- 
drites Allegan and Richardton, how- 
ever, the REE have been distinctly and 
linearly fractionated-to the extent of 
about 50 percent for La when similarly 
normalized to Yb. We believe that these 
observations strongly imply that both 
Chainpur and Mokoia are more primi- 
tive than Allegan and Richardton. 

These observations all point to the 
same conclusions: that Chainpur and its 
congeners are closely related to ordi- 
nary chondrites, but that they have var- 
ious highly significant primitive traits. 
In several instances Chainpur-like or 
type-IIIB chondrites clearly are as 
primitive as any other class or subclass 
of chondrites by reasonable and well- 
defined criteria. We believe that this 
fact lends plausibility to the hypothesis 
that Chainpur-like chondrites are in 
some sense the precursors of ordinary 
chondrites; and that they represent a 
link between ordinary chondrites 
[which in general are relatively highly 
recrystallized (26)] and materials re- 
lated in some more direct way to 
bodies accreting from the primeval so- 
lar nebula. Both the observation of 
chondrites apparently as primitive as 
the type-IIIB subgroup (but chemically 
quite distinct) and the fractionation of 
Fe emphasized by Urey (2) imply 
that far-reaching compositional changes 
may well have occurred during or after 
the accretion process. We emphasize 
our belief that such compositional 
changes have affected all known mete- 
orites, including the various subgroups 
of the carbonaceous chondrites. 

In our view, carbonaceous chondrites 
of types I, II, and IIIA represent a 
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collateral-not a directly ancestral- 
branch (or branches) to type-IIIB 
chondrites. Types I, II, and IIIA do not 
seem to display metamorphic sequences 
similar to those of the ordinary chon- 
drites (9) or enstatite chondrites (27); 
they show unmistakable fractionation 
of alkali metals among these subclasses, 
and no clear indication of fractionation 
of these elements was observed in the 
type-IIIB or ordinary chondrites (12). 
The three types seem to have been 
formed in a much wetter environment 
than were the other chondrites. These 
facts might be explained by hypothesiz- 
ing that type I, 1, Iand IIIA chondrites 
evolved either in a much smaller parent 
body or in a cooler and wetter region 
of a complex parent body than did 
type 1IIB (Chainpur-like) and ordin- 
ary chondrites. In any case, we argue 
that the parent materials of each of 
these two families of chondrites were 
noticeably different but, according to 
present evidence, equally primitive in 
their relation to the primeval nebula. 
One should note that these relation- 
ships almost certainly were so com- 
plex that "primitive" should be applied 
with great caution, even in the re- 
stricted sense in which we have defined 
the term. 

Recent evidence is that type-II car- 
bonaceous may be more primitive than 
type-IIIB chondrites; Wood (27) ob- 
serves that the type-II chondrites con- 
tain much oxidized nickel in the sul- 
fides and silicate minerals, while in 
the prototype Chainpur (type IIIB) and 
ordinary chondrites nearly all nickel 
occurs in the metallic phase. In the 
presence of a metallic phase, a slight 
degree of metamorphism may induce 
sharp changes in the nickel distribution: 
from the oxidized state in the sulfide 
and silicate phases to the reduced-nickel 
state in the metallic phase, which is its 
equilibrium state. If the nickel distri- 
bution were more sensitive to mild 
metamorphism than were the other ob- 
served primitive properties already dis- 
cussed, such a criterion could indicate 
that type-IIIB chondrites have been sub- 
jected to slightly more metamorphism 
than have type-II carbonaceous chon- 
drites-and to much less than ordinary 
chondrites. This conclusion does not 
apear inconsistent with either hypothe- 
sis: that Chainpur-like chondrites may 
have evolved in a larger parent body 
than did type-II carbonaceous chon- 
drites; that type IIIB chondrites may 
have metamorphosed (27) in another 

parent body at greater depths than type- 
II carbonaceous chondrites. 

Two important inferences derive 
from our working hypothesis that 
Chainpur-like chondrites were primitive 
precursors of ordinary chondrites: First, 
if the primitive precursors indeed con- 
tained "normal" amounts of many of 
the sensitive trace elements that are 
depleted in their recrystallized and 
equilibrated descendants, perhaps the 
recrystallization process itself should be 
examined, rather than the processes 
leading to accretion from the primeval 
nebula, in order to construct models 
of the fractionation of these elements. 
[Data on enstatite chondrites lead to 
a congruent inference (28, 29).] Simple 
metamorphism may have depleted some 
sensitive trace elements (10, 13). 

Second, if the In atomic abundance 
of Chainpur (and Abee) is truly rep- 
resentative of primordial nonvolatile 
abundances, then type-II carbonaceous 
chondrites may well be more primitive 
than either type I (in which the In 
atomic abundance seems to be twice 
that in Chainpur or Abee) or type 
IIIA (in which In seems to be half 
that in Chainpur or Abee). Thus one is 
led to question the alleged highly primi- 
tive character of type-I carbonaceous 
chondrites, and perhaps to examine pos- 
sible models for derivation of types I 
and IIIA from material like type II. 
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Subclasses of Human Immunoglobulin A Based 

on Differences in the Alpha Polypeptide Chains 

Abstract. Antiserum from goats immunized with heavy polypeptide chains 
from a yA-type myeloma globulin was absorbed with serum from patients with 
selective absence of immunoglobulin A (yA). The resulting reagents could be 
used for the classification of 58 yA-myeloma proteins into two distinct antigenic 
types, respectively called subclasses He and Le. These differences were shown 
to be related to the heavy (alpha) polypeptide chains and independent of the in- 

tegrity of interchain disulfide bridges. The yA-immunoglobulin from normal se- 
rum appears to consist, for the most part, of molecules with Le subclass specificity. 
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The existence of four main classes 
of human immunoglobulins has gained 
wide acceptance. One of these, termed 
the yG-immunoglobulin (IgG immuno- 

globulin G), is by far the major anti- 

body-carrying globulin in normal serum. 
The second and third members of the 

group, called yA- and yM-immunoglob- 
ulins (IgA and IgM), are quantitatively 
less important, whereas the fourth 

class, known as yD-immunoglobulin 
(IgD), exists in only trace amounts 
in normal serum (1). The differences be- 
tween these four types of molecules 
reside in the structure of their heavy 
polypeptide chains, which are termed 

respectively y-, a-, /A-, and 8-chains. In 

contrast, all classes of immunoglobulins 
share the same types of light polypep- 
tide chains, of which two main varie- 
ties are known to exist, namely K- and 
X-chains. All six forms of immunoglob- 
ulin polypeptide chains occur in a 

seemingly infinite variety of forms, 
which constitute the basis of the func- 
tional and chemical specificity of anti- 
bodies and paraproteins. The yG-class 
of immunoglobulins may be further 
subdivided into at least four subclasses 
(termed Ne, We, Vi, and Ge, or y2,, 
72b, y2c, and Y/2d) on the basis of struc- 
tural features of the y-polypeptide 
chains, most easily demonstrated by 
immunological techniques (2). Two of 
these subclasses (We and Vi) are the 
substrate for the genetical variation 
known as the Gm system (3). A search 
for the occurrence of similar subclasses 

among the other types of immunoglob- 
ulin polypeptide chains is indicated. 
Harboe et al. (4) reported that the yM 
immunoglobulins could be subdivided 
into two major types according to im- 

munological characteristics of the heavy 
pt-polypeptide chains. We can now re- 

port that there are at least two differ- 
ent subclasses among the yA-immuno- 
globulins, based on differences in their 
a-polypeptide chains. 

Six goats and five rabbits were im- 
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Six goats and five rabbits were im- 

munized with a variety of antigens, 
namely whole normal human serum, 
red cells coated with salivary isoagglu- 
tinins (presumed to consist chiefly of 

yA-type antibodies), three purified 
yA-myeloma globulins, and purified 
a-chains from two additional yA-myelo- 
ma proteins. Only three among these 
antiserums proved useful in distin- 

guishing the two subclasses of yA- 
immunoglobulins here described. All 
three antiserums were obtained from 

goats injected with a-chains from a 

single yA-myeloma protein. Although 
these three antiserums gave qualita- 
tively identical results, they differed 
with respect to the intensity of their 
reactions. Most of our results here pre- 
sented were obtained with an antiserum 
which initially reacted with many 
serum proteins, but could be made al- 
most specific for yA-immunoglobulins 
by means of absorption with one-tenth 
its volume of serum from either of two 
patients with selective yA agamma- 
globulinemia. The resultant absorbed 
serums are called Bm and Bc. 

The antiserum Bm was allowed to 
diffuse against five different yA-mye- 
loma serums, as well as against a 

pool of normal serums, all diluted to 

approach equivalence (Fig. 1). In their 

precipitin patterns, two of the myelo- 
ma proteins, Wa and He, display some 
antigenic deficiency with respect to the 
three remaining myeloma proteins, Le, 
Ri, and Cl, as well as to the yA-im- 
munoglobulin from pooled normal se- 
rum. Among 58 yA-myeloma serums 
tested, 54 reacted in the same way as 
Le, Ri, and Cl, that is, their precipitin 
lines gave a spur over the precipitin lines 
produced by myeloma serums He and 
Wa. The lines from all 54 myeloma 
proteins of the first group showed com- 

plete identity with each other when 

developed with antiserum Bm. The 
lines from Wa and He also completely 
fused with each other and with those 
of two yA-myeloma serums. Hereafter, 
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