
megakaryocytes, and normoblasts were 
observed in greater than normal num- 
bers in splenic imprints. The marrow 
smears revealed high ratios of myeloid 
to erythroid cells, frequently in the 
order of 20 : 1. A few of the liver sec- 
tions showed distinct foci of immature 
granulocytic elements in the space of 
Disse (Fig. 1, A and B), as well as Kupf- 
fer cells containing hemosiderin. Over- 
all, these features conformed with those 
described in the RF mice (2). 

Other features seen in only a few 
of the bled mice were (i) chloroma 
tumors (Fig. 1D) in the liver, the area 
of the mandible, the thoracic cavity, 
and subcutaneous regions; (ii) myelo- 
blasts containing Auer rods (Fig. 1E); 
and (iii) neutrophils with the "pseudo- 
Pelger" type nuclei. The latter two cell 
types, which were also noted in the rat 
(1), would lend additional support for 
the contention (5) that murine and hu- 
man granulocytic leukemias have many 
features in common. In addition to all 
the features of ML detailed above, all 
mice with the disease consistently had 
elevated percentages in basophils (Fig. 
1F) and myeloblasts in both blood and 
marrow (Table 1). Similar increases in 
basophil and myeloblast counts were 
also observed in rats induced to de- 
velop ML by phlebotomy after x- 
irradiation. 

The minimal criteria for diagnosing 
ML in this study included premature 
death due to complications resulting 
from a combination of anemia, infection 
(generally pneumonia), and inanition, 
plus elevated amounts (at least 2.5 per- 
cent) of basophils or myeloblasts in 
either the blood or marrow. Three ML 
cases were diagnosed on the basis of 
blood values (one of these animals had 
chloroma), ten diagnoses were based on 
marrow values (two animals with 
chloroma), and thirteen diagnoses were 
based on both blood and marrow values 
(four animals with chloroma). All but 
one of the experimental mice developed 
ML; the exception developed thymic 
lymphoma (TL). Among the ten con- 
trols, one case of ML and two cases 
of TL were observed. The apparently 
preferential development of ML after 
bleeding in a strain known to be predis- 
posed to development of ML and TL 
indicates that anemia is an effective trig- 
gering stress for the induction of ML 
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ly prone to ML development, and the 
anemia resulting from the removal of 
50 percent of the blood volume of these 
animals was sufficient to trigger the 
overt manifestation of the disease. Over- 
all, the results would tend to support 
the concept of a two-step mechanism of 
de novo induction of ML. 
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phlebotomy found in our anemia-induced 
leukemic mice. It is thus possible to imagine 
that the primary leukemogenic effect of 
x-irradiation in the RF mice involved the 
triggering of the disease, possibly by an 
induced anemia. That most of the irradiated 
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Terminal Saccharides on Sperm Plasma Membranes: 

Identification by Specific Agglutinins 

Abstract. Six specific agglutinins were used to identify the terminal sugar resi- 

dues in the surface oligosaccharides of rabbit and hamster spermatozoa by specific 

agglutination. Species differences in epididymal sperm were found in the terminal 

residues, resembling a-D-mannose, D-galactose, N-acetyl-D-glucosamine, and 

N-acetyl-D-galactosamine. Species similarities were found in terminal residues, 

resembling L-fucose and N-acetylneuraminic acid. When ejaculated rabbit sperm 
were compared to epididymal sperm, the latter were more agglutinable with a 

specific agglutinin recognizing N-acetyl-D-glucosamine. 
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Mammalian spermatozoa are com- 
plex haploid cells that are surrounded 
by a highly specialized continuous 
plasma membrane. Although no distinct 
morphological differences have been 
found among areas of the plasma mem- 
brane surrounding the sperm acrosomal, 
postacrosomal, midpiece, and tail re- 
gions (1), differences have been found 
in the distribution of charges on the 
membrane surface by the orientation of 
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sperm in electric fields (2), the distribu- 
tion of surface antigens (3), and the 
differential binding of colloidal iron to 
the plasma membrane surrounding the 
various sperm components (4). Also, 
the sperm plasma membrane undergoes 
ultrastructural changes in specific re- 

gions as the spermatozoon passes 
through the female genital tract and 
upon its penetration of the egg invest- 
ments (5). These changes suggest that 
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there are local differences in the struc- 
ture of the sperm plasma membrane 
that may be important in sperm recogni- 
tion and ova fertilization. 

In order to determine specific bio- 
chemical differences in the sperm plasma 
membrane, we have used purified agglu- 
tinins that recognize (almost exclusive- 
ly) specific terminal saccharide residues 
in oligosaccharides to analyze distribu- 
tional variations of plasma membrane 
saccharides. By observing which agglu- 
tinins specifically cause sperm aggluti- 
nation and by observing which sperm 
regions are involved in the agglutination 
process, we have been able to identify 
differences in the plasma membrane sac- 
charide distributions and also species 
differences between hamster and rabbit 
spermatozoa. 

The purified agglutinins we used in 
our study were the following: con- 
canavalin A (Con A) (6), specific for 
terminal residues similar to a-D-glucose 
a-D-mannose; wheat germ agglutinin 
(WGA) (7) for residues similar to 

terminal N-acetyl-D-glucosamine; Doli- 
chos biflorus agglutinin (DBA) (8) for 
terminal residues similar to N-acetyl-D- 
galactosamine; Ricinus communis ag- 
glutinin (RCA) (9) for residues similar 
to D-galactose and L-arabinose; Ulex 
europeus agglutinin (UEA) (10) for 
residues similar to L-fucose; and in- 
fluenza virus (flu) (11) for identifying 
residues similar to N-acetylneuraminic 
acid residues. 

Golden hamster and rabbit sperma- 
tozoa from the caudae epididymides and 
rabbit spermatozoa that were ejaculated 
were washed three times by centrifuga- 
tion in 0.9 percent sodium chloride. The 
live spermatozoa were immediately used 
for agglutination experiments (Table 1). 
Controls were set up in parallel with 
inhibitor sugar present, and in the case 
of influenza virus, with neuraminidase- 
treated spermatozoa. The type of sperm 
agglutination was noted with a light or 
phase-contrast microscope as head-to- 
head, head-to-tail, or tail-to-tail. 

The agglutination of spermatozoa 

with the purified agglutinins was speci- 
fic. It only occurred when the agglutinin 
was present in the incubation medium 
(Figs. 1 and 3) and did not occur 
when inhibitory concentrations of a 
competitive sugar were present (Fig. 2) 
or when the terminal sugar was enzy- 
matically removed (Fig. 4). Even at low 
magnification, differences in agglutina- 
tion occurring primarily head-to-head 
(Fig. 3) could be distinguished from 
agglutination occurring with the entire 
surfaces of the spermatozoa (Fig. 1) or 
agglutination occurring primarily tail- 
to-tail (not shown). At higher magnifica- 
tions, these differences were clearly ob- 
servable. For example, primarily head- 
to-head agglutination (Figs. 5 and 6) 
is easily differentiated from other types 
of agglutination (Figs. 7 and 8). 

Similarities and differences between 
the agglutinability of hamster epididy- 
mal, rabbit epididymal, and rabbit eja- 
culated spermatozoa were found when 
the specific agglutinins were used 
(Table 1). Species differences were 

Fig. 1. Agglutination of washed, ejaculated live rabbit spermatozoa with Dolichos biflorus agglutinin under conditions described 
in Table 1. Magnification bar equals 500 am for Figs. 1 to 4. Fig. 2. Control for experiment shown in Fig. 1. N-Acetyl-D- 
galactosamine, an inhibitor of the D biflorus agglutinin, was added to the rabbit spermatozoa before addition of the agglu- tinin. Fig. 3. Primarily head-to-head agglutination of washed, ejaculated live rabbit spermatozoa in the presence of influenza 
virus. Fig. 4. Control for the experiment shown in Fig. 3. The live rabbit spermatozoa were treated with neuraminidase prior to the agglutination assay. Fig. 5. Head-to-head agglutination of live rabbit spermatozoa in the presence of influenza virus, as in 
Fig. 3. Magnification bar equals 50 S,m for Figs. 5 to 8. Fig. 6. The legend is the same as that for Fig. 5, except that live 
hamster spermatozoa were agglutinated with influenza virus. Agglutination is predominantly head-to-head (arrow, hh). Fig. 7. Agglutination of live rabbit spermatozoa with D. biflorus agglutinin. Agglutination is occurring tail-to-tail (arrow, tt) and 
head-to-tail (arrow, ht). Fig. 8. Agglutination of live hamster spermatozoa with R. communis agglutinin. Agglutination is 
occurring tail-to-tail (arrow, tt), head-to-tail (arrow, ht) and head-to-head (arrow, hh). 
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Table 1. Agglutination of spermatozoa by specific agglutinins. Freshly collected spermatozoa were washed three times by centrifugation 
(4 minutes each at 750 to 800g) in 0.9 percent NaCl and suspended in fresh 0.9 percent NaCl at concentrations of 0.7 to 1.2 X 107 sperms 
per milliliter (hamster) or 1.7 to 2.5 X 107 sperms per milliliter (rabbit). Agglutination experiments were performed by dropping equal volumes 
of the sperm suspension, 0.9 percent NaCI, and then the agglutinin solution onto glass slides and mixing by tilting gently for 3 to 5 minutes. Agglu- 
tination was observed with a light microscope and scored qualitatively on a scale of 0 to 4+ (no agglutination to virtually complete agglu- 
tination). The predominant sperm structures taking part in agglutination (that is, sperm head to sperm head, and so forth) were also noted 
(see Figs. 5 to 8). Simultaneous controls were run on the same slide with appropriate inhibitor saccharide solution substituted for the NaCI 
solution before the addition of agglutinin. No spontaneous agglutination of sperm in the absence of agglutinins occurred during the course of 
the experiments; hh, head-to-head; ht, head-to-tail; tt, tail-to-tail. 

Sperm agglutination 
Terminal -,.Inhibitor Rabbit Rabbit Hamster 

recognizednhibir cn e d el 

hh ht tt hh ht tt hh ht tt 

Concanavalin A (500 #g/ml) 
a-D-Glucose None 4+ 3+ 1+ 4+ 3+ 1+ 2+ 3+ 4+ 
a-D-Mannose Sucrose 0.2M 0 0 0 0 0 0 0 0 0 

Influenza virus (1000 hemagglutinating units)* 
N-Acetylneuraminic acid None 4+t 0 0 4+ 0 0 4+ 0 0 

Neuraminidaset 200 unit/ml 0 0 0 0 0 0 0 0 0 

Dolichos biflorus agglutinin (250 xg/ ml) 
N-Acetyl-D-galactosamine None 2+ 3+ 4+ 2+ 3+ 4+ 0 0 0 

N-Acetyl-D-galactosamine 0.2M 0 0 0 0 0 0 0 0 0 

Wheat germ agglutinin (4000 hemagglutinating units)* 
N-Acetyl-D-glucosamine None 1+ 1+ 0 4+ 2+ 0 0 2+ 4+ 

N-Acetyl-D-glucosamine 0.2M 0 0 0 0 0 0 0 0 0 

Ricinus communis agglutinin (250 ug/ ml) 
D-Galactose None 3+ 2+ 0 3+ 2+ 0 3+ 4+ 4+ 
L-Arabinose D-Galactose 0.2M 0 0 0 0 0 0 0 0 0 

Ulex europeus agglutinin (300 hemagglutinating units)? 
L-Fucose None 0 0 0 0 0 0 0 0 0 

L-Fucose 0.2M 0 0 0 0 0 0 0 0 0 

* Hemagglutination units were determined with rabbit erythrocytes (6, 10). t Spermatozoa were agglutinated almost exclusively acrosomal area to 
acrosomal area; sluggish or motionless sperm became very active upon contact with virus. $ Sperm suspension was incubated for 5 to 10 minutes 
at room temperature with an equal volume of Vibrio cholerae neuraminadase solution (500 unit/ml; Sigma) prior to the agglutination assay. ? Hemag- 
glutination units were determined with human type O erythrocytes (9). 

found with Con A, DBA, WGA, and 
RCA. The DBA did not agglutinate 
hamster spermatozoa, an indication that 
little or no terminal N-acetate-D-galac- 
tosamine was present on the hamster 
epididymal sperm plasma membrane. 
Con A, WGA, and RCA agglutinate 
hamster epididymal spermatozoa more 
strongly tail-to-tail as compared with 
rabbit epididymal spermatozoa, signi- 
fying the presence of more terminal a-D- 
mannose or a-D-glucose, D-galactose, and 
N-acetyl-D-glucosamine on hamster epi- 
didymal sperm tails. These same sugars 
appear to be more prevalent on rabbit 
epididymal sperm heads, than tails, as 
Con A, WGA, and RCA caused strong 
head-to-head agglutination of rabbit epi- 
didymal spermatozoa. Species similari- 
ties were found with influenza virus and 
UEA. Both rabbit and hamster sperma- 
tozoa were agglutinated head-to-head 
with influenza virus, and neither was ag- 
glutinated with UEA. 

This lattter finding indicates that L-fu- 
cose is not a major terminal saccharide 
residue on the spermatozoa used in our 
study. Differences in the plasma mem- 
brane saccharides between epididymal 
and ejaculated rabbit spermatozoa were 
seen with WGA. Apparently the amount 
of terminal N-acetyl-D-glucosamine de- 
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creases or its distribution changes after 
contact of the spermatozoa with seminal 
plasma. Since it is known that seminal 
plasma components adsorb to epididymal 
spermatozoa (12), this change may re- 
flect masking of N-acetyl-D-glucosa- 
mine sites on the sperm surface. 

The results presented here on the 
head-to-head agglutination of rabbit 
and hamster spermatozoa with influenza 
virus and those of Ericsson et al. (13) 
on the head-to-head agglutination of 
rabbit spermatozoa with Sendai virus 
indicate that the tail receptors for col- 
loidal iron at low pH (4) may not all 
be sialic acid. Both of these viruses have 
sialic (N-acetylneuraminic) acid as im- 
portant components of their cell surface 
receptors (11, 14), and treating sperm 
with neuraminidase renders the sperm 
nonagglutinable with influenza virus. 
Thus, sialic acid must be present on 
rabbit and hamster sperm heads, but the 
tail membrane anionic groups that bind 
colloidal iron and increase in strength 
during sperm maturation (4) may not 
be sialic acid. This finding is also sup- 
ported by the observation that neura- 
minidase treatment of rabbit and hams- 
ter sperm does not prevent binding of 
colloidal iron to sperm tails at low pH 
(R. Yanagimachi, unpublished data). 

Neuraminidase-insensitive acidic groups 
such as sulfate or N-acetyl-O-diacetyl- 
neuraminic acid (15) may be responsi- 
ble for some tail acidic groups. 

After this report was submitted for 
publication, Edelman and Millette (16) 
reported that Con A agglutinates mouse 
sperm (isolated from vas deferens), 
and the distribution of fluorescent- 
labeled Con A and 125I-labeled Con A 
indicated that Con A receptors are more 
prevalent on mouse sperm heads than 
on tails. The exact location of these 
membrane oligosaccharides may be de- 
termined with the use of ferritin-conju- 
gated plant agglutinins (17). 
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tural modification of cyclic AMP on 
enzyme systems. Accordingly, we have 
synthesized 1 ,N6-ethenoadenosine 3',5'- 
monophosphate (1), abbreviated "cy- 
clic eAMP" (4), by reaction of chloro- 
acetaldehyde with cyclic AMP under 
general conditions described earlier (5) 
and have demonstrated its behavior 
with representative enymes. 

More specifically, an aqueous solu- 
tion of chloroacetaldehyde was pre- 
pared as follows. One hundred grams 
of chloroacetaldehyde dimethylacetal 
(Aldrich) in 500 ml of 50 percent 
HQSO, (weight per volume) was re- 
fluxed gently for 45 minutes and the 
mixture was evaporated under vacuum 
while the receiving vessel was cooled. 
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The upper layer of the distillate was ad- 
justed to pH 4.5 with 1N NaOH and dis- 
tilled as before. The recovered distillate, 

1.0 to 1.6M in chloroacetaldehyde, 
was used in 20-fold excess to convert 
cyclic AMP to the derivative (1), with a 
1,N6-etheno bridge, C12H12N506P H20 
(melting at 267-8 ?C, with decom- 
position), by stirring at pH 4.0 to 4.5 
at 37?C for 24 hours, decolorization 
with charcoal, and evaporation to dry- 
ness. Reprecipitation from aqueous 
ethanol followed by a washing in 
ethanol yielded pure product. Complete 
conversion of cyclic AMP to cyclic 
cAMP was monitored by thin-layer 
chromatography and by ultraviolet ab- 
sorption (5). Both cyclic AMP and the 
etheno-bridged product 1 are stable 
under the conditions of synthesis, and 
no hydrolysis was detected by a thin- 
layer chromatographic comparison with 
3'eAMP and 5'cAMP prepared in anal- 
ogous fashion from 3'AMP and 5'AMP, 
respectively. The RF values observed 
for these compounds on Eastman 
Chromagram cellulose sheets without 
fluorescent indicator, with the solvent 
system isobutyric acid: ammonium hy- 
droxide : water (75: 1: 24, by volume), 
were as follows: cyclic eAMP, 0.27; 
3'eAMP, 0.25; 5'eAMP, 0.19, compared 
with 0.40 for cyclic AMP. The reaction 
mixture resulting from the treatment 
of cyclic AMP with chloroacetaldehyde 
showed only one bluish fluorescent spot. 
The chloroacetaldehyde-modified com- 
pounds are readily detectable under an 
ultraviolet lamp in amounts of 0.5 /tg. 
The ultraviolet spectra of 1 and eATP 
(or other reported analogs) (3, 6) are 
similar in the shape and relative heights 
of the individual maxima. Thus, struc- 
ture 1 is suitable for studies in the 
presence of nucleic acids or proteins. 
The ultraviolet absorption band of low- 
est energy lies at longer wavelength 
(m 300 nm in pH 7 buffer) than that 
of the normally occurring bases or 
aromatic amino acids, and it is thus 
possible to excite this fluorescent analog 
of cyclic AMP (1) selectively. More- 
over, it is fluorescent at neutral pH 
(maximum near 410 nm) and in ionic 
environments (6). The long fluorescent 
lifetime (close to 20 nsec) and the pos- 
sibility of detection at very low concen- 
traction (~ 1 X 10-8M) provide the 
opportunity for using more detailed 
fluorescence techniques. 
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There is one well-documented bio- 
chemical mechanism by which cyclic 
AMP regulates at least certain differen- 
tiated functions of eukaryotic cells. Cy- 
clic AMP stimulates the activity of cell 
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Fluorescent Modification of Adenosine 3',5'-Monophosphate: 
Spectroscopic Properties and Activity in Enzyme Systems 

Abstract. The synthesis of a highly fluorescent analog of adenosine 3',5'-mono- 
phosphate, namely, 1,N6-ethenoadenosine 3',5'-monophosphate, has provided a 
powerful probe for systems involving adenosine 3',5'-monophosphate. The poten- 
tial utility of this analog is indicated by its long fluorescent lifetime, detectability 
at low concentration, and relatively long wavelength of excitation (3,00 nano- 
meters). In protein kinase systems it is a highly acceptable substitute for adenosine 
3',5'-monophosphate. 
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