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Silent genes, that is, genetic loci with- 
out demonstrable products in most indi- 
viduals of a species, have not been 
heretofore identified in higher orga- 
nisms. In this report we provide reasons 
for believing that a silent locus, termed 
hemoglobin 3a, exists in great apes and 

probably also in man. In most individ- 
uals 3a seems to be inactive and pro- 
duces no evident product; however, in 
a few mutants the locus is active and 

produces an unusual a chain. 
During an electrophoretic survey of 

adult hemoglobins from great apes, 
three exceptional animals were en- 
countered. One of 37 (1) chimpanzees 
(Pan troglodytes) and 1 of 5 (1) un- 
related lowland gorillas (Gorilla gorilla 
gorilla) exhibited not only hemoglobins 
A and A2 but also small quantities 
(2.4 to 3.4 percent, Fig. 1 legend) of 
an unusual form of hemoglobin A 
and still smaller quantities (0.04 to 
0.1 percent) of an unusual A2. Both 
components differed from the usual 

182 

Silent genes, that is, genetic loci with- 
out demonstrable products in most indi- 
viduals of a species, have not been 
heretofore identified in higher orga- 
nisms. In this report we provide reasons 
for believing that a silent locus, termed 
hemoglobin 3a, exists in great apes and 

probably also in man. In most individ- 
uals 3a seems to be inactive and pro- 
duces no evident product; however, in 
a few mutants the locus is active and 

produces an unusual a chain. 
During an electrophoretic survey of 

adult hemoglobins from great apes, 
three exceptional animals were en- 
countered. One of 37 (1) chimpanzees 
(Pan troglodytes) and 1 of 5 (1) un- 
related lowland gorillas (Gorilla gorilla 
gorilla) exhibited not only hemoglobins 
A and A2 but also small quantities 
(2.4 to 3.4 percent, Fig. 1 legend) of 
an unusual form of hemoglobin A 
and still smaller quantities (0.04 to 
0.1 percent) of an unusual A2. Both 
components differed from the usual 

182 

3. F. Matsumura and M. Hayashi, Science 153, 
757 (1966); F. Matsumura and K. C. Patil, 
ibid. 166, 121 (1969); F. Matsumura, T. A. 
Bratkowski, K. C. Patil, Bull. Environ. 
Contain. Toxicol. 4, 262 (1969); R. B. Koch, 
J. Neurochem. 16, 269 (1969). 

4. R. M. Welch, W. Levin, A. H. Conney, 
Toxicol. Appl. Pharmacol. 14, 358 (1969). 

5. A. H. Conney, R. M. Welch, R. Kuntzman, 
J. J. Burns, Clin. Pharmacol. Ther. 8, 2 
(1967). 

6. G. Holan, Nature 221, 1025 (1969); L. J. 
Mullins, Chem. Rev. 1954, 280 (1954). 

7. R. D. O'Brien and F. Matsumura, Science 
146, 657 (1964). 

8. F. Matsumura and R. D. O'Brien, J. Agr. 
Food Chem. 14, 39 (1966). 

9. P. 0. P. Ts'o, Ann. N.Y. Acad. Sci. 153, 785 
(1969). 

10. J. C. Skou, Biochim. Biophys. Acta 58, 314 
(1962). 

11. D. P. Stevenson and G. M. Coppinger, J. 
Amer. Chem. Soc. 84, 149 (1962). 

12. L. J. Andrews and R. M. Keefer, Molecular 
Complexes in Organic Chemistry (Holden- 
Day, San Francisco, 1964). 

13. R. T. Ross and F. J. Biros, Biochem. Bio- 
phys. Res. Commun. 39, 723 (1970). 

14. J. Walkley, D. N. Glen, J. H. Hildebrand, 
J. Chem. Phys. 33, 621 (1960). 

15. R. Haque, W R. Coshow, L. F. Johnson, 
J. Amer. Chem. Soc. 91, 3822 (1969). 

8 June 1970; revised 17 August 1970 1 

3. F. Matsumura and M. Hayashi, Science 153, 
757 (1966); F. Matsumura and K. C. Patil, 
ibid. 166, 121 (1969); F. Matsumura, T. A. 
Bratkowski, K. C. Patil, Bull. Environ. 
Contain. Toxicol. 4, 262 (1969); R. B. Koch, 
J. Neurochem. 16, 269 (1969). 

4. R. M. Welch, W. Levin, A. H. Conney, 
Toxicol. Appl. Pharmacol. 14, 358 (1969). 

5. A. H. Conney, R. M. Welch, R. Kuntzman, 
J. J. Burns, Clin. Pharmacol. Ther. 8, 2 
(1967). 

6. G. Holan, Nature 221, 1025 (1969); L. J. 
Mullins, Chem. Rev. 1954, 280 (1954). 

7. R. D. O'Brien and F. Matsumura, Science 
146, 657 (1964). 

8. F. Matsumura and R. D. O'Brien, J. Agr. 
Food Chem. 14, 39 (1966). 

9. P. 0. P. Ts'o, Ann. N.Y. Acad. Sci. 153, 785 
(1969). 

10. J. C. Skou, Biochim. Biophys. Acta 58, 314 
(1962). 

11. D. P. Stevenson and G. M. Coppinger, J. 
Amer. Chem. Soc. 84, 149 (1962). 

12. L. J. Andrews and R. M. Keefer, Molecular 
Complexes in Organic Chemistry (Holden- 
Day, San Francisco, 1964). 

13. R. T. Ross and F. J. Biros, Biochem. Bio- 
phys. Res. Commun. 39, 723 (1970). 

14. J. Walkley, D. N. Glen, J. H. Hildebrand, 
J. Chem. Phys. 33, 621 (1960). 

15. R. Haque, W R. Coshow, L. F. Johnson, 
J. Amer. Chem. Soc. 91, 3822 (1969). 

8 June 1970; revised 17 August 1970 1 

by a net gain of about four electro- 
static changes per hemoglobin mole- 
cule. Identical amounts of these unusual 

components were also found in the 
son of the variant gorilla (2). Electro- 

phoresis of isolated (3) concentrates 
of the principal unusual components, 
designated hemoglobin Hyzoo in the 

chimpanzee and hemoglobin Wazoo 
(4) in the gorilla, are shown in Fig. 
1 (5). 

Parallel variation of both hemo- 

globin A (a2132) and A2 (a282) in all 
affected individuals suggested that an 
unusual a chain was present in these 
animals. This was corroborated by 
column chromatographic separation of 
constitutive hemoglobin chains (6). 
Chromatographic behavior and amino 
acid composition of fi chains from 
both Hyzoo and Wazoo were identical 
to A-). In contrast, the a chains of 
Hyzoo and Wazoo each showed net 
gains of about two electrostatic changes 
when compared with A-a from variant 
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animals. After whole chain analysis, 
both variant a chains were distinctly 
unusual in the proportions of particu- 
lar amino acids among the total of 
141 residues present (7). 

The differences between variant a 
and A-a sequences were further dis- 
sected through amino acid analysis of 

purified tryptic peptides (7). The net 
number of various residues realized 
from the sum of tryptic peptides exact- 

ly matched those obtained by whole 
chain analysis, thereby suggesting that 
characterization of variant chains is 

reasonably complete. A synopsis of dif- 
ferences is shown in Fig. 2. A remark- 
able feature-pivotal to our later in- 

terpretation-is the similarity between 

chimpanzee (Pan) Hyzoo-a and Goril- 
la Wazoo-a. These chains share a pre- 
sumed constellation of eight scattered 
amino acid differences, outlined in Fig. 
2, with respect to the A-a sequences 
characteristic of each genus. 

The extent and diffuse distribution 
of differences shown in Fig. 2 make 
it most unlikely that either Hyzoo-a 
or Wazoo-a, let alone both, have arisen 

simply as allelic mutations at the locus 
for A-a. Detectable hemoglobin mu- 
tants differ from wild-type alleles, either 
through changes in one nucleotide or, 
in a few instances, through deletion of 
short runs of nucleotides in multiples 
of three (8). Aside from a few in- 
stances of within-locus recombinants 
between two separate nucleotide 

changes, multiple scattered changes are 
not found among uncommon variants. 
Multiple scattered differences may, 
however, develop between common al- 
leles (9) when these have been main- 
tained by natural selection for millions 
of generations. In this connection both 

Hyzoo and Wazoo are distinctly un- 
common; nothing like them was de- 
tected in other surveys involving 
samples from substantial numbers of 
great apes (10). As persistently rare 
alleles at the locus for A-a these vari- 
ants would, by Fisher's prediction (11), 
be lost long before they could accumu- 
late step by step the pattern of change 
shown in Fig. 2. Accordingly, Hyzoo-a 
and Wazoo-a can only be regarded as 
the products of an a locus that is sep- 
arate from the locus for A-a. It is likely 
that this additional a locus has a com- 
mon ancestry in the two species, that is, 
it arose from a single gene duplication 
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the products of an a locus that is sep- 
arate from the locus for A-a. It is likely 
that this additional a locus has a com- 
mon ancestry in the two species, that is, 
it arose from a single gene duplication 
in some common ancestor of apes. 
Although six of the eight positions 
wherein Hyzoo-a and Wazoo-a are 
seemingly alike and different from A-a 
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Silent Hemoglobin Alpha Genes in Apes: 
Potential Source of Thalassemia 

Abstract. Small quantities of unusual hemoglobins were found in 1 of 37 

chimpanzees and 2 of 6 gorillas. In each genus these hemoglobins contain 
unique a chains that differ from the ordinary by eight to nine scattered amino 
acid changes. The unusual chains arise from a hitherto undetected hemoglobin 
sa locus. No 3a products are found in most apes; accordingly, 3a is considered 
synthetically inactive in all but a few reversion multants. Indirect evidence that 
the inactive 3a locus is juxtaposed to an active a locus together with the supposi- 
tion that 3a exists in man provides a setting wherein thalassemia might be pro- 
duced by nonhomologous recombination between two loci. 
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have not been definitively placed by 
exact sequence analysis, the pattern of 
differences shown in Fig. 2 is nonethe- 
less sufficient to support belief in a com- 
mon origin. In the context of later in- 
terpretation a commonality of ancestry 
is all that matters; whether present day 
Hyzoo-a and Wazoo-a differ as shown 
(Fig. 2) by two changes or in fact 
by, say four changes, is immaterial. 

In man there appear to be two gen- 
erally indistinguishable a loci in some 
(12), but not necessarily all (13), popu- 
lations. Where there are two active a 
loci, each locus is thought to produce 
about one-half and each allele about 
one-fourth of all a chains. An analogous 
state of affairs may exist in chim- 
panzees where a healthy individual was 
found to have about 25 percent of an 
electrophoretically fast moving a chain 
variant (10, 14). We designate the syn- 
thetically vigorous a loci as la and 2a, 

but in so doing recognize that only one 
of these loci may be active in some 
men and perhaps in all gorillas. The 
synthetically impoverished (5) locus re- 
sponsible for Hyzoo-a and Wazoo-a is 
designated 3a. Terminology follows that 
adopted for the several hemoglobin y 
loci of man (15) and allows molecular 
formulas to be written in an unambigu- 
ous fashion, for example, hemoglobin 
A: mixture of 1a2A and 2a2A'/ p2A 

hemoglobin Hyzoo: aae2IYZoo*f2A. 

The hemoglobin 3a locus, like "a and 
2a, presumably arose through gene du- 
plication via the successive processes of 
nonhomologous meiotic pairing and re- 
combination. The antiquity of the events 
producing 3a may be judged first by the 
appearance of 3a chains in each of two 
genera and second by the minimum of 
nine to ten nucleotide changes calcu- 
lable from genetic code for the amino 
acid differences (Fig. 2) between A-a 
and the a chains of Pan Hyzoo and 
Gorrilla Wazoo. The first observation 
indicates that the age of 3a antedates 
the separation of evolutionary lines 
leading to chimpanzee and gorilla, 
whereas the second finding suggests 3a 
has had a much longer history. The 
nine to ten nucleotide changes exceed 
the minimum of four nucleotide differ- 
ences existing between the a genes of 
man and Rhesus monkey (8) and, in 
addition, approximate the minimum of 
9 to 14 nucleotide differences existing 
between hemoglobin /3 and 8 genes in 
several primates (14). The latter two 
loci probably arose before the ancestors 
of apes and New World monkeys had 
diverged from one another (14, 16). 
15 JANUARY 1971 

Fig. 1. Amido schwarz stain of pH 8.6 
EBT [EDTA, boric acid, tris (9)] starch- 
gel electrophoresis of chromatographically 
isolated (3) concentrates of great ape 
hemoglobins: 1, chimpanzee hemoglobin 
A2; 2, chimpanzee hemoglobin Hyzoo; 3, 
chimpanzee hemoglobin A; 4, gorilla A2; 
5, gorilla Wazoo; 6, gorilla A; 7, whole 
hemolyzate from gorilla. All chimpanzee 
samples are from animal No. 9, in whom 
Hyzoo forms 3.4 ? 0.4 percent (N = 3) 
of total hemoglobin. All gorilla samples 
come from Tomoka in whom hemoglobin 
Wazoo forms 2.5 percent of the total (com- 
pare 2.4 percent in his father, Nikumba). 
The proportion of A2 is 1.8 percent in No. 
9 and 2.0 percent in Tomoka. V refers to 
variant hemoglobin. 

In light of such comparisons the 3a 

locus seems quite old and one that man 
is entitled to by right of descent. 

If the 3a locus is indeed ancient and 
widespread how has it remained hidden 
from view, and how has it become vis- 
ible in uncommon individuals from two 
different genera? There are three alter- 
native explanations. First, the 3a locus 
may only occur in a few individuals. 
Second, 3a may be present and active in 
all, but its product in most may lie elec- 
trophoretically and chromatographically 
buried within the envelope of hemo- 
globin A. Under these conditions sparse 
quantities of 3a chain might easily have 
escaped detection during separation and 
analysis of A-a peptides. Third, 3a may 
be present but synthetically inactive in 
most individuals because long ago, in 
some common ancestor of apes, it 
underwent, for example, a nonsense or 
a profound missense mutation that has 
only been overcome in a few back 
mutants. As we shall indicate, the first 
explanation seems decidedly improb- 
able, the second explanation can be 
eliminated, and thus the third explana- 
tion is favored. 

The first explanation, limitation of 
3a locus to a few individuals, is sta- 
tistically unattractive. It requires the 
,preservation for millions of generations 
lpf what would now be a rare locus in 
chimpanzees and, at best, an uncommon 
locus in gorillas. Just as noted for the 

case of rare alleles, the chance for loss 
of a rare locus is enormous in each 
species (11). In the specific case of a 
rare locus the opportunity for loss is 
compounded by risk of extinction dur- 
ing obligate mispairing that must occur 
in each carrier during each meiotic di- 
vision. 

It is anticipated from the second ex- 
planation that uncommon variant ani- 
mals are probably heterozygotes, that is, 
3aA/3aaHyzoo or 3aA/3aWazoO. If this is so 
then it is supposed that Hyzoo and 
Wazoo have become electrophoretically 
visible through single but separate 3a( 

mutations producing net gains of about 
four electrostatic charges per hemo- 
globin molecule (Fig. 1). The only re- 
motely appropriate candidates (Fig. 2) 
for such charge changes are aspartic 
acid to lysine (Asp; Lys) mutations at 
3a64 (17). Under the terms of this ex- 
planation hypothetical wild-type 3aA 

alleles produce 3a64 ASp; and their prod- 
ucts are buried in the mass of hemo- 
globin A; but the variant 3aiiyzoo and 
Sawazoo alleles are concordant mutants 
that produce 3a64 Lys and are thereby 
electrophoretically visible. The undoing 
of this hypothesis comes from starch- 
gel electrophoretic analysis at pH 7.1 
(18), where the imidazole group of 
histidine is more positively charged than 
at pH 8.6. Differences in histidine con- 
tent -(Fig. 2) between A-a and the a 
of Hyzoo and Wazoo that are nearly 
silent at pH 8.6 are expressed at pH 
7.1. The same should be true for pH 
7.1 electrophoretic comparisons involv- 
ing products of hypothetical 3aA. In 
an explanation that accounts for Hyzoo 
and Wazoo visibility through the occur- 
rence of single but separate 3a64 muta- 
tions, it is expected that other residues, 
including those involving differences in 
histidine, will remain unchanged. As 
already noted, most known differences 
between normal and mutant alleles in- 
volve single, not multiple, residues (8). 
Despite such expectations, based on 
differences between the histidine con- 
tent of A-a and hypothetical 3aA, no 
new products appear after pH 7.1 
electrophoresis of hemolyzates and 
hemoglobins from a number of different 
chimpanzees and gorillas. Failure to 
uncover buried products occurs despite 
the unexpected (19) finding that Hyzoo 
and Wazoo are slightly less mobile than 
A at pH 7.1. Thus a buried 3aA prod- 
uct-if it existed and differed from both 
Hyzoo and Wazoo only at a64-should 
be distinctly less mobile than A at 
pH 7.1 and easily discernible. For such 
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Fig. 2. Minimum amino acid differences between hemoglobin - Po,sfion 23 64 65b 67 7c 102 105 1068 d 1Oe 12f 
A-a chains of man-Pan-Gorilla (8) and the variant a chains 
of hemoglobin Hyzoo from chimpanzee Pan, animal No. 9, Chain - 
and hemoglobin Wazoo from Gorilla, animal Nikumba. Posi- 
tions where all chains are similar are omitted. Results in Hyzoo- A- As 

G 
Asp Ala Thr Vol Ser Leu Leu Ala His 

a and Wazoo-a are based on amino acid compositions of tryptic 
peptides (7). Positions 65-90 derive from tryptic peptides a-9b; 
positions 105-127 are from peptide a-12b. Distinction between Glu Lys Glx Ser Leu Asn Val Phe Ser Asx 
acids and amides depends on peptide electrophoresis. Position 
assignments are inferred from homology with human A-a se- 
quence. The superscript letters indicate the following: (a) Glu 
in man and Pan A-a, Asp in Gorilla A-a (8); (b) positions 65, Gorila Wazoo-o Asp Lys Glx Thr Leu Asn Val Phe Ser Asx 
69, 71, 79, 82, or 88; (c) position 70 or 73; (d) differences in- 
volve any two of positions 105, 106, 109, 113, and 125; (e) 
positions 110, 111, 115, 120, or 123; (f) positions 112 or 122. Boxes denote the residues where Hyzoo-a and Wazoo-a are alike 
and different from A-a. Abbreviations: Ala, alanine; Asn, asparagine; Asp. aspartic acid; Glu, glutamic acid; His, histidine; Lys, 
lysine; Phe, phenylalanine; Ser, serine; Thr, threonine; Val, valine; x, not ascertained whether acid or amide. 

reasons we discount the possibility of an 
active 3a locus with a hidden product 
and favor the third explanation, namely, 
a aa locus that is usually synthetically 
inactive. Consequently, hemoglobins 
Hyzoo and Wazoo are each regarded 
as the product of a mutation whose 
effect is to reverse a regulatory muta- 
tion, for example, a nonsense or a pro- 
found missense mutation for which 3a 
is usually homozygous. Although our 
detection of such concordance of re- 
versal in separate genera seems remark- 
able we do not know whether the same 
kind of back mutation has been opera- 
tive in each genus. For example, a non- 
sense mutation might be reversed either 
by back mutation at 3a or by a sup- 
pressor mutation in a transfer RNA 
that translates the nonsensical codon of 
3a. Thus concordance of reversal may 
be less exact and a little less remarkable 
than it first seems. 

In terms of thalassemia the signifi- 
cance of an inactive 3a locus depends 
on the assumption that an array of two 
or more nearly identical and genetically 
juxtaposed loci-for example, la, 2a, 3a 

-favors recurrent meiotic mispairing 
(20). In fact, two findings suggest that 
meiotic mispairing between adjacent a 
loci may have occurred in Gorilla dur- 
ing comparatively recent times. First, 
Gorilla is unique among primates, and 
in particular among apes, in possession 
of A-a23 Asp (8). This individuality pre- 
sumably reflects an a23G lu- Asp muta- 
tion (Glu, glutamic acid) in the com- 

paratively short evolutionary period 
since taxonomic separation of great 
apes. Second, a23 Asp occurs in both the 
A-a and Wazoo-a of Gorilla (Fig. 2). 
Although such concordance at a23 may 
reflect isologous mutations, there has 
been relatively little evolutionary time 
for a pair of these to develop. It seems 
more likely that a single Glu -> Asp 
mutation occurred at a23 in one a locus 
followed by its insertion into another 
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and neighboring a locus through non- 
homologous crossing over. It is notable 
that 3a is left silent in the process. Ac- 
cordingly-if our reconstructions are 
correct-the synthetic silence of 3a does 
not depend on information contained in 
the early portion of its message. By 
extension we presume that aa silence 
depends on information following spec- 
ification of a23. It may thus be expected 
that a portion of new intergenic recom- 
binants beginning as la or 2a and end- 
ing as 3a will be silent. Where only 
la or 2a are present, heterozygotes for 
a nonhomologous recombinant fusion 
of itwo loci, for example, la-3a, will have 
only one synthetically active a locus. 
Homozygotes will have none. Such hy- 
pothetical la-3a/la-3a homozygotes for 
a fusion gene might be a source of a 
lethal form of a thalassemia associated 
with hydrops fetalis. Infants with this 
condition have no demonstrable a chain 
synthesis (21). This postulated origin 
of a thalassemia is in some ways anal- 
ogous to the /3-8 fusion recombinant 
producing hemoglobin Lepore (22) and 
associated in homozygotes with /f thal- 
assemia. Finally, a thalassemia might 
also develop even if the discounted 
notion of an active but synthetically 
impoverished 3a locus, discussed earlier, 
is correct. In this situation we suspect 
that only small quantities of hemo- 
globin, possibly similar to Hyzoo and 
Wazoo and perhaps indistinguishable 
from hemoglobin A2, would be pro- 
duced by a la-3a fusion locus. What- 
ever the case, we reiterate that the sig- 
nificance of 3a as a source of thalas- 
semia lies within its supposed tight 
juxtaposition to an active a locus. In 
this setting the frequency with which 
meiotic mispairing leads to loss of a 
synthesis is likely to be common (20) 
and may greatly exceed the frequency 
with which point mutations lead to the 
same condition. The virtue of the ad- 
mittedly elaborate 3a model thus lies 

with its potential rate of appearance: 
a feature that may help to account for 
the steadily increasing evidence of het- 
erogeneity among thalassemics. In all 
such interpretations, the crucial un- 
known is the question of 3a existence 
in man. While we do not know whether 
or not 3a endures in ourselves, it none- 
theless seems likely that a locus that 
has apparently persisted for perhaps 
40 million years or more in our remote 
ancestors will have survived the last 
several million since our taxonomic 
divergence from the ape stem line. 
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as a series of functional compartments 

dominant. Binucleate cells and transi- 
tional forms are a frequent finding (Fig. 
1). Indirect immunofluorescent studies 
have demonstrated that these cells syn- 
thesize gamma globulin. Cells growing 
on Leighton cover slips were rinsed in 
saline and fixed in acetone for 10 min- 
utes. The cells were incubated with un- 
labeled goat antiserum to human gam- 
ma globulin for 30 minutes at room 
temperature. The cells were then 
washed twice with a buffer solution 
(pH 7.2) and incubated for 30 minutes 
with fluorescein tagged rabbit antise- 
rum to goat gamma globulin. The cells, 
without counterstaining, were examined 
under an ultraviolet microscope. Posi- 
tive apple-green fluorescence was easily 
distinguishable from autofluorescence. 

Time-lapse photographic studies were 
performed with a culture system (2). 
Because of the prolonged doubling time 
of these cells (52 ? 2 hours), one pic- 
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ture was taken every 30 minutes for 
165 hours. Cell pedigrees were gener- 
ated from enlargements of the nega- 
tives for morphologic analysis. Gener- 
ation times were measured from one 
cell division to the next daughter-cell 
division. The median generation time 
was 36 hours. 

Rare cells, still metabolically active 
as evidenced by mobility and changes 
in shape, failed to divide during the ex- 
periment. Most of the cells undergo 
changes in shape, from round to fusi- 
form and often back to round. Each of 
these changes lasts for several hours 
which allows for morphologic defini- 
tion. When spindle-shaped cells, be- 
come round prior to mitosis, they do 
so very rapidly within a single half- 
hour interval. Upon division, a fusi- 
form cell can give rise to one elongated 
and one round daughter cell (Fig. 2) or 
more commonly, to two fusiform cells. 
Round cells may also give rise to a mor- 
phologically mixed population; some- 
times they produce only smaller round 
cells. Apparently these smaller round 
cells are terminal because, after a brief 
period of rapid movement, they become 
immobile and never divide. Occasion- 
ally a cell that remained round for 
numerous hours will adopt a fusiform 
shape for a few hours and then start 
to divide vigorously. 

An unusual finding is that two 
daughter cells may come into close 
contact and fuse, and a single binu- 
cleated cell will emerge (Fig. 3). After 
several hours this cell may either dis- 
sociate into a rapidly mobile round cell 
and a static spindle-shaped form, or it 
will divide giving four round daughter 
cells. 

This fusion of cells is different from 
the mechanisms of emperipolesis (3), 
peripolesis (4), and uropodapsis (5) be- 
cause the fusion is long-lived, distin- 
guishable cell boundaries disappear, 
and the process may sometimes con- 

Table 1. All of the cells in the examined fields 
were arbitrarily assigned to a morphological 
category according to the prevalent feature 
and classified as fluorescent or nonfluorescent. 
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Morphological distribution 

Cell Fluores- Nonfluo. Fluo- 
types cent rescent 

cells cells c( e 

Round 183 45 80.5 
Intermediate 

forms 114 93 65.5 
Fusiform 32 265 10.7 
Total 329 403 44.6 
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