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Expression of a large number of novel testis-specific genes
during spermatogenesis coincides with the functional

reorganization of the male germ cell
CHRISTER HOOG*

Department of Cell and Molecular BiologV, Medical Nobel Institute, Karolinska Institute, Stockholm, Sweden

ABSTRACT Structural and functional changes, essential for the formation of mature male germ
cells, are known to take place at specific stages of the mammalian spermatogenic process. To
identify novel genes that are involved in this developmental process, we have initiated a largeM
scale cDNA sequencing project (Haag, Nucleic Acids Res. 19: 93-98, 1991; Starborg et al., Mol.
Reprod. Dev. 33: 243-251, 1992; Yuan ef al., Bioi. Reprod.. 1995). Five-hundred and forty cDNAs
have been isolated from testicular cDNA libraries and partially sequenced, 355 of which were
found to represent genes previously not described in the literature. In addition, a number of cDNAs
was found to be related to genes previously identified only in lower eukaryotes, suggesting that
these murine genes encode functions that are evolutionary conserved. One of these murine cDNAs
was related to the Aspergillus nidulans BimE gene, a putative cell cycle checkpoint regulator
(Starborg et al., J. Bioi. Chern., 1994). Southern blot analysis revealed that the murine BimE-relat-
ed gene is strongly conserved in mammals. RNA blotting experiments of 361 novel murine cDNAs
have identified 52 cDNAs that are expressed only during spermatogenesis, 36 of which are
expressed only in spermatids, and 16 cDNAs that are expressed in both spermatocytes and sper-
matids. A survey of the literature revealed 40 mammalian genes that have previously been shown
to be expressed mainly during spermatogenesis, and together with our results, they define three
dominating temporal patterns of gene expression during spermatogenesis, each pattern coincid-
ing with known functional or structural changes occurring during this differentiation process.
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Introduction

Mammalian spermatogenesis provides an excellent model
system for studying cellular differentiation (reviewed in Bellve,
1979; Hecht, 1986; Handel, 1987; Willison and Ashworth, 1987;
Russel ef al., 1990). During spermatogenesis, mitotically dividing
spermatogonia are first transformed into spermatocytes under-
going meiosis and then into spermatozoa carrying a haploid
nuclear content. Spermatogonia are first formed during fetal life,
but do not begin to differentiate until the first week after birth
(Nebel et al., 1961). Type A spermatogonia are mitotically active
throughout adult life and a fraction of them continuously
becomes committed to meiosis. Meiotic prophase lasts for
approximately 10 days and can be divided into four stages: lep-
totene, zygotene, pachytene and diplotene, and is completed by
two reductional divisions. During spermiogenesis, which takes
approximately two weeks, the round haploid cell differentiates
into a motile spermatozoon, culminating with the release of the
mature germ cell into the lumen of the seminiferous tubule. The
maturation of male germ cells in the seminiferous epithelium of
testis has been shown to occur in close contact with a somatic

cell type, the Sertoli cell (reviewed in Russel and Griswold,
1993).

Male germ cells undergo many novel stage-specific ultra-
structural alterations during spermatogenesis. For example,
during meiosis two unique macromolecular structures,
the synaptonemal complex and the recombination nodule,
become associated with the chromosomes. These two nuclear
structures are assumed to be essential for the reduction of
the ploidy level and for the generation of new combinations
of genes, two essential tasks achieved during meiosis (reviewed
in von Wettstein et al., 1984). However, the most dramatic
morphological changes take place during spermiogenesis
and involve the formation of the head and the tail of the sperm,
the condensation of the nucleus and the elimination of excess
cytoplasm as part of the residual body (reviewed in Bellve
and O'Brien, 1983). The sperm head contains several
novel structures, e.g. the acrosome, the calyx and
components required for sperm.egg interactions, whereas

.4bbrevialivns used in this /m/wr: :\ITEST, mouse testicu]ar expressed

sequence tags; EST, expressed sequence tags.
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the flagellum and the manchette represent structures unique to
the sperm tail.

It is likely, due to the novelty of the spermatogenic process,
that many germ cell-specific gene products are involved in this
differentiation process. Structural and functional changes that
take place in male germ cells during spermatogenesis occur in
parallel with changes in the expression of total RNA and stage-
specific proteins (Monesi, 1965; Boitani et al., 1980; Kramer and
Erickson, 1982; Gold et al., 1983b; Stern et al., 1983).
Furthermore, approximately 20 murine genes have been shown
to be expressed almost exclusively during spermatogenesis,
including genes encoding structural and regulatory proteins, as
well as enzymes (reviewed in Willison and Ashworth, 1987;
Propst et al., 1988; Thomas et al., 1989; Erickson, 1990;
Wolgemuth and Watrin, 1991). In addition, a number of genes
undergoes stage-specific splicing events during spermatogene-
sis, resulting in the production of novel transcripts (Willison and
Ashworth, 1987), e.g. two unique forms of lamins have recently
been shown to be produced during meiosis (Furukawa and
Hotta, 1993; Furukawa et al., 1994). As it is likely that the iden-
tification of additional germ cell-specific cDNAs gives further
insight into the molecular details of this differentiation process,
several different methods have been used to isolate genes that
are active predominantly in germ cells. One such approach, dif-
ferential cDNA screening, has led to the identification of a num-
ber cDNA clones that are expressed only in germ cells (Kleene

Fig. 1. Southern blot analysis of genomic DNA from different organ-

isms. (AI A filter containing BALBk mouse kidney genomic DNA,
digested with three restrrction enzymes, BamHl. Hindlfl and EcoRl,
was hybridized with a 892 bp DNA fragment from the TSG24 cDNA
sequen"ce (Starborg et al. in press). After hybridization, the filter was
washed as described In Materials and Methods, and exposed to X-ray
film for 3 days. Size markers In ki/obasesare indicatedto the left. (8) A
filter containing EcoR 1 digested genomic DNA from human, Rhesus
monkey, Sprague Dawley rat, BALBk mouse, cow, dog, rabbit and
chicken, was hybridized, washed and exposed as described in (A). Size
markers in kilobases are indicated to the right

TABLE 1

CATEGORIES OF cONA CLONES ISOLATED FROM ADULT AND
JUVENILE TESTIS

Partial cDNA sequences taken from Haag (1991) and Li et al. (1994)
were compared to the EMBL data library using the program FASTA.
MTESTs for which no identical mouse sequences were identified have
been submitted to the EMBL data library (accession numbers Z31021-
Z31347; X61801-X61899; X58486; X80169).

et al., 1983; Dudley et al., 1984; Thomas et al., 1989). In these
studies, cDNA libraries were screened with labeled cDNA pre-
pared from male germ cells, selecting primarily for highly abun-
dant cDNA molecules. An alternative approach, which also facil-
itates the isolation of rare cDNA molecules, was recently
developed (Adams et al., 1991; H66g, 1991). In this strategy,
called the expressed sequence tag (EST) approach (Adams et
al., 1991), a very large number ot cDNA clones are isolated at
random from cDNA libraries and partially sequenced. More than
10000 different genes have been identified from different organ-
isms using the EST approach (reviewed in Southern, 1992;
Sikela and Auffray, 1993). However, to investigate the relative
expression level of individual transcripts in different tissues, or at
different stages of a differentiation process, a very large number
of cDNAs would have to be isolated using this random cDNA iso-
lation approach.

We have initiated a project combining the EST approach with
Northern biot analysis, with the primary goal to identity novel
germ cell-specitic cDNA molecules (H66g, 1991; Starborg et al.,
1992; Yuan et al., 1995). We have partially sequenced 540
eDNAs isolated from testicular cDNA libraries and identified 355
cDNA clones, representing genes previously not described in the
literature. Severa! cDNA clones were also isolated that were
found to be related to genes that have previously been identified
only in lower eukaryotes, suggesting that further analysis of this
group of cDNAs could give valuable information about functions
conserved throughout evolution. One of these murine cDNA
clones has been shown to be related to a cell cycle checkpoint
regulator, BimE (Starborg et al., 1994). It is shown here that the
murine BimE-related gene is strongly conserved in mammals,
suggesting that it pertorms an important function in higher
eukaryotes. A survey of the literature identified 40 mammalian
genes that have been shown to be expressed mainly during

spermatogenesis. We have analyzed the expression of 361 nov~
el murine cDNAs by RNA blotting experiments and identified 52
cDNAs that appear to be expressed only in germ cells, 16 of
which were found to be expressed in both meiotic and hapioid
cells, and 36 cDNAs that were found to be expressed only in
haploid cells. These results strongly suggest that the majority of
them participate in the formation of the haploid male germ cell.
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Fig. 2. Expression profile of functional categories of ESTs and
MTESTs expressed in testis and brain. 106 MTESTs from mouse
testis (Yuan et aI., 1995) and 879 ESTs from human brain (Adams at al.,
1993), were divided into functional categories as descnbed previously
(Okubo et aI., 1992; Adams et al.. 19938). The refative number of genes
in each functional category has been calculated and is displayed as a per-
centage. The number of genes In each category is indicated above each
bar Left bar in each pair represents brain data.

Results and Discussion

Sequencing of cDNA clones and comparison to databases
We have isolated 540 cDNAs from juvenile and adult testicu-

lar cDNA libraries, and partially sequenced them from their 5'
end by using a fluorescently labeled vector. specific sequencing
primer integrated into a cycle sequencing protocol (Hbbg, 1991;
Yuan et al., 1995). These partial cDNA sequences were called
mouse testicular expressed sequence tags (MTESTs).

The 540 MTESTs were analyzed for similarities with
sequences deposited in the EMBL sequence data library and
the results have been summarized in Table 1. Since only a
small number of the estimated 50000-100000 murine genes
have been characterized yet, it could be expected that the
majority of the partially sequenced cDNAs should represent
genes previously not characterized. Indeed, 68% of the
MTESTs were found to represent novel genes previously not
described in the literature (Table 1). Another 12% was found to
be identical to mouse sequences already characterized,
whereas 12% was found to be similar to sequences previously
described in other organisms. Other EST sequencing projects,
analyzing gene activity in different mammalian tissues, have
given very similar results, i.e. approximately 60% of all ran-
domly isolated cDNA clones appears to represent novel genes
(Adams et al., 1991, 1992, 1993a,b; Khan et al., 1992; Okubo
et al., 1992).

The most exciting outcome of the EST approach has been
the discovery of a large number of mammalian cDNA clones that
display similarities to genes previously identified only in lower
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eukaryotes, suggesting that the functions of the encoded pro-
teins are conserved. We have isolated several murine cDNA
clones that have previously been identified only in sea urchins,
Drosophila, chicken and in yeast, e.g. genes encoding an actin
filament-associated protein, a cytoplasmic dynein, a micro-
tubule-associated protein, kinesin-2, a ubiquitin-conjugating pro-
tein and one gene affecting the production or stability of mRNAs,
suppressor of forked (Yuan et al., 1995). One of the analyzed

cDNA clones was found to be related to the Aspergillus nidulans
BimE gene, a gene that has been shown to be essential for cell
cycle progression (Osmani et al., 1988; Engle et al., 1990). The
murine cDNA clone related to BimE, TSG24, has been com-
pletely sequenced and shown to encode a 216 kD protein that is
uniformly expressed throughout the cell cycle (Starborg et al.,
1994). To investigate the evolutionary conservation of this gene
in other organisms, a set of Southern blot experiments was per-
formed. Mouse genomic DNA was digested with several differ-
ent restriction enzymes and hybridized with a labeled DNA frag-
ment isolated from the TSG24 cDNA clone (Fig. 1A). The simple
band pattern obtained using reduced stringency conditions,
strongly suggests that the TSG24 gene occurs as a single copy
gene in the mouse haploid genome. Low-stringency hybridiza-
tion with the TSG24 DNA fragment was also performed on
EcoR1 digested DNA isolated from other organisms, revealing
that the TSG24 gene was conserved in humans, monkeys, rats,
dogs, cows and rabbits, i.e. in all mammals investigated (Fig.
1B). No cross-hybridizing band was observed in DNA isolated
from chickens. The sequence conservation of the TSG24 gene
strongly suggest that the encoded protein performs an important
cellular function.

Comparative expression analysis
Of the 540 MTESTs identified here (Haag, 1991; Starborg et

al., 1992; Yuan et al., 1995), only a small number of them has
previously been shown to be expressed in testis, reinforcing the
fact that the EST approach is a powerful method to rapidly
describe the transcriptional and functional activities of a tissue
(Okubo et al., 1992; Adams et al., 1993a). The expression pro-
file of mouse testis (Yuan et al., in press) was compared with
EST data described for human brain (Adams et al., 1993a), to
find out whether this type of data could be used to identify differ-
ences in gene expression patterns (Fig. 2). Many similarities
were observed between testis and brain, i.e. the relative fre-
quency of expressed genes encoding cell suriace proteins, or
proteins involved in transcription, translation as well as in signal
transduction, was approximately the same.

Interestingly, some striking differences in the expression pat-
terns between brain and testis could also be observed (Fig. 2).
For example, more than three times as many testicular cDNAs
were found to encode proteins involved in the organization of the
genome (DNA metabolism). This observation is in agreement
with the fact that developing germ cells, in contrast to brain cells,
are known to undergo dramatic nuclear changes (reviewed in
Bellve, 1979; Hecht, 1986; Handel, 1987; Willison and Ashworth,
1987; Russel et al., 1990). The result of this comparison sug-
gests that it should be possible to use EST sequence data to
identify differences in gene expression patterns between differ-
ent tissues and to link these differences to particular functional
or structural processes unique to these tissues.
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Fig. 3. Isolation of homogenous fractions of spermatocytes and spermatids. Spermatocytes(A) and round haploid cells (B) were isolated from
testes taken from 4-5-week-old mice After purification, the homogeneity of each fraction was analyzed using light microscopy. The spermatocyte
fraction was found to contain cells at different stages of meiosis (leptotene, zygotene and pachytene), however, the majority of the cel/s were
pachytene spermatocytes

Identification of male germ cell-specific cDNAs

The goal of this project has been to identify genes that are
expressed predominantly in germ cells to better understand
functions that are unique to germ cells. The expression of 361
MTESTs in different tissues, in isolated Sertoli cells and in inter-
stitial testicular cell types, has been investigated using Northern
blot methodology (Starborg et al., 1992; Yuan et at., 1995). As
an internal control of these experiments, genes that have previ-
ously been shown to be expressed predominantly in germ cells
were included. Fifty-two novel murine MTESTs were found to
have expression patterns similar to control genes, suggesting
that these MTESTs represent genes that are expressed pre-
dominantly in male germ cells (Starborg etal., 1992; Yuan etat.,
1995). To be able to investigate the temporal expression pattern
of the 52 novel MTESTs during spermatogenesis, RNA was iso-
lated from purified germ cells. Spermatocytes and round haploid
spermatids were obtained from mouse testis after centrifugal
elutriation and Percoll density gradient centrifugation (Bellve et
at., 1977; Meistrich etal., 1981; Heyting etal., 1985; Bucci etal.,
1986). The purity of the two fractions was determined micro-
scopically and both fractions were found to be more than 95 %
homogenous (Fig. 3). Thirty-six MTESTs were found to be
expressed only in haploid cells, as revealed by Northern blot
analysis, whereas the remaining 16 MTESTs were found to be
expressed in both spermatocytes and spermatids (Starborg et
al., 1992; Yuan et al., 1995).

A comparison ot our data to previously published data, should
give an insight into the global patterns of gene expression during
spermatogenesis. A survey of the literature revealed 40 mam-
malian genes that have been shown to be expressed mainly dur-
ing spermatogenesis (Table 2). Eleven of these genes have
been shown to be expressed only in haploid cells during

spermiogenesis, another 18 genes in both meiotic and haploid
cells, 9 genes only during meiosis, whereas 2 genes have been
shown to be expressed throughout spermatogenesis.
Interestingly, no germ cell-specific genes have yet been shown
to be expressed only in spermatogonial cells, suggesting that the
differentiation of this cell type mainly involves ubiquitously
expressed genes. The temporal expression patterns of the germ
cell-specific cDNAs identified in the literature, as well as of those
anonymous cDNAs identified in our studies, suggest that the
majority of them are involved in the transformation of the meiot-
ic cell into a haploid cell, as well as in the functional reorganiza-
tion of the haploid cell. The number of germ cell-specific genes
activated at specific stages of spermatogenesis therefore
appears to be directly correlated to the degree of structural and
functional activities that are taking place at these stages.
Thomas et al. (1989) have previously defined, using 18 cDNAs

isolated from testis, four different phases of gene activity during
spermatogenesis. In addition to the expression patterns
described here, they have also shown that gene activation dur-
ing meiosis can be divided into an early and a late phase.

Coordination of gene expression during spermatogenesis
requires both stage- and cell-specific regulatory activities and are
thought to be achieved at both the transcriptional and the trans-
lational level. Translational regulatory mechanisms have been
shown to control the temporal appearance of several polypep-

tides during spermatogenesis (reviewed in Erickson, 1990;
Hecht, 1990). Analysis of the translational activity of genes that
are transcriptionally active in both spermatocytes and spermatids
has revealed two different translational patterns, i.e. mRNAs that
are translated in both spermatocytes and spermatids (Ayer-
Lelievre et al., 1988), and mRNAs that are translated only in
spermatids (Gold et at., 1983a; Kwon and Hecht, 1991). We have



carefully analyzed the expression of fhe haploid-specific cDNAs
identified by Yuan el al. (1995), during spermiogenesis. The
expression of these genes was first detected in early round spar.
matids and the transcript level remained high also in the tran-
scriptionally inactive elongated spermatozoa, suggestjng that

they are subject to translational control (Penttila el al., 1995).
Further analysis of these sequences should be valuable for our
understanding of this novel regulatory process.

Today, little is known about the mechanisms of transcriptional
regulation of gene expression during spermatogenesis. It is like-
ly that genes expressed coordinately at specific stages of sper-
matogenesis are regulated by a common set of transcription fac-
tors, and that these factors interact with their target genes
through common cis elements present in the promoter-regions of
these genes, similar to what has been shown to occur in somat-
ic cells (reviewed in Mitchell and Tjian, 1989). A number of tran-
scription factors have been implicated in the regulation of genes
expressed during spermatogenesis (Wolgemuth el al., 1987;
Cunliffe el al., 1990; Nagamine el al., 1990; Rogers el al., 1991;
Chowdury el al., 1992; Noce el al., 1992; Andersen et al., 1993;
Boissonneault and Lau. 1993; Delmas el al., 1993; Ito el al.,
1993). Comparison of promoter sequences from genes
expressed during spermiogenesis has revealed common
sequence elements, and the use of transgenic mice, as well as
the development of in vitro transcription systems, have made it
possible to correlate promoter structures with DNA-protein inter-
actions occurring only in spermatids (Bunick et al., 1990; Tamura
el al., 1992; van der Horn and Tarnasky, 1992; Howard et al.,
1993; Zambrowicz et al., 1993, 1994; Zambrowicz and Palmiter,
1994). Less is known about the regulatory mechanisms that con-
trol gene expression during meiosis. The SCP1 gene. encoding
a synaptonemal complex protein, has been shown to be
expressed only in spermatocytes (Meuwissen et al., 1992). We
have isolated the promoter region of the SCP1 gene and are cur-
rently characterizing this promoter in transgenic mice, to define
the region(s) that mediates meiosis-specific gene expression
(Liu and H66g, unpublished results).

We have identified 52 novel murine MTESTs that appear to be
expressed only in germ cells (H66g, 1991; Starborg el al., 1992;
Yuan el al., 1995). One of them, MTEST638, was found to be
50% identical at the amino acid level to an intermediate filament-
like sea urchin protein, tektin A 1 (Yuan el al., 1995). The tektin
A 1 protein forms an extended polymer that interacts with the fla-
gellar microtubules found in mature sea urchin sperm (Norrander
el al.. 1992). The expression pattern of the related murine gene
suggests that it could perform a similar function in murine sper-
matozoa. To be able to define the functions for the remaining
germ cell-specific MTESTs, several different experimental
approaches are in progress. Sequencing of the full-length
cDNAs for these MTESTs will reveal whether they contain con-
served sequence motifs that would give an insight into the func-
tion of these genes. Antibodies are also currently being devel-
oped against the open reading frames found within these
MTESTs. The antibodies will be used to determine the subcellu-
lar localization of the encoded proteins within the developing
germ cells, and to determine whether these proteins are part of
germ ceU-specific structures. Due to the conservation of the
spermatogenic process in mice and humans, parallel analysis of
genes and gene products from these two model organisms
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TABLE2

LIST OF CLONED MAMMALIAN GENES EXPRESSED ONLY DUR-
ING SPERMATOGENESIS

Gene Expression Class References

Cytochrome Ct
Mea
Zlp-35
Rex.1
Sperm1
SCP1
SCP3
Xme
TH2B
HII
TH2A
Hox-1.4
ZIy-1

Zly-2
CTlin51
Zlp-38
D1Pas1
MAST205
mak
Calmegin
RT?
hsp-70.2
LDH-C
PGK-2
tcte-1
117c3
tcp-10b
meg1
TSGA
tsHMG
rtp
p4-6
tubulin Ma3
tubulin Ma7
TH28
Protamine 1
Protamine 2
TP1
TP2
Cylicin

S.M,H
S,M,H

M
M
M
M
M
M
M
M
M
M.H
M.H
M.H
M,H
M. H
M.H
M.H
M.H
M.H
M.H
M.H
M.H
M.H
M.H
M. H
M. H
M.H
M.H

H
H
H
H
H
H
H
H
H
H
H

enzymatic
unknown
regulatory
regulatory
regulatory
structural
structural
structural
structural
structural
structural
regulatory
regulatory
regulatory
regulatory
regulatory
regulatory
regulatory
regulalory
regulatory
structural
structural
enzymatic
enzymatic
unknown
unknown
unknown
unknown
unknown
regulatory
regulatory
regulatory
structural
structural
structural
structural
structural
structural
structural
structural

(Virbaslus and Scarpulla, 1988)
(Lau er al., 1989)
(Cunliffe et al., 1990)
(Rogers et al., 1991)
(Andersen et at., 1993)
(Meuwissen et al., 1992)
(Lammers et at., 1994)
(Calenda er al., 1994)
(Kim et al., 1987)
(Cote et af., 1986)
(Huh et al., 1991)
(Wolgemuth et al., 1987)
(Nagamine et al., 1990)
(Nagamine et al., 1990)
(Noce at at., 1992)
(Chowdury et al., 1992)
(Leroy et al., 1989)
(Walden and Cowan, 1993)
(Matsushime et al., 1990)
(Watanabe et al.. 1994)
(van der Hom et al., 1990)
(Zakeri et al.. 1988)
(Thomas et al.. 1990)
(Gold et al., 1983a)
(Sarvetnick et al., 1989)
(Rappold et al., 1987)
(Schimenti et al., 1988)
(Don and Wolgemuth, 1992)
(Ho6g et al., 1991)
(Boissonneault and Lau, 1993)
(Takahashi et al., 1988)
(WalTiJutasandWoIgemutt1.1994)
(Villasanle et al., 1986)
(Villasante et al., 1986)
(Moss et at., 1989)
(Johnson et al., 1988)
(Johnson et al., 1988)
(Heidaran and Kistler, 1987)
(Kleene and Flynn, 1987)
(Hess et al.. 1993)

Genes previously reported to be expressed only in male germ cells.
Their expression patterns during spermatogenesis (8, spermatogonial
cells; M, meiotic cells; H, haploid cells) and their putative functions have
been indicated. A small number of these genes has been shown to be
expressed also during embryogenesis, i.e. the Hox-1.4, Rex-1, Zfy-1,
Zfy-2 and the Zfp-35 gene, whereas the CTfin51 gene is expressed also
in ovaries.

should also give valuable insight into the human spermatogenic
process.

Materials and Methods

DNA analysis
Isolation and sequencing of cDNA clones from mouse juvenile and

adult testis has been previously described (Haag, 1991; Yuan et al., in
press). Genomic fifter hybridization was performed using two commercial
filters (Clontech) containing different DNA samples. The fifters were
hybridized according to standard procedures (Sambrook et al.. 19a9).
The probe consisted of a PCA amplified fragment (Saiki et al., 1988)
extending from position 5161 to position 6053 of the TSG24 cDNA
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sequence (Starborg st af., 1994). After hybridization, the filters were
washed twice with 0.3 M NaCI, 3 mM sodium citrate, pH 7.0 and 0.05%
80S, for 10 min at sooe, and exposed to X-ray film at -lOoe with an
intensifying screen for 3 days.

Isolation of testicular cell types
Testes taken from 4-S-week-old mice were decapsulated and cell

suspensions were obtained by trypsinization of the seminiferous tubules
(Be live st af., 1977). Pachytene spermatocytes and round haploid cells

were isolated by centrifugal elutriation, followed by Percoll density gradi-
ents (Sellve st al., 1977; Meistrich sf al., 1981; Heyting et al., 1985; Bucci
st al., 1986). A sample from each fraction was fixed in Carnoys' fixative,
stained with May and Grunewalds stain and with Giemsa stain. The puri-
ty of the fractions was determined microscopically and each cell fraction

was found to be more than 95% homogenous.
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