
parent. The magnitudes of the signals 
from frozen and lyophilized samples are 
initially about the same, but as the tu- 
mors develop the number of spins de- 
creases in the frozen samples and re- 
mains the same in the lyophilized ones. 

Key unanswered questions include (i) 
the nature of the signal from lyophilized 
samples; (ii) the nature of the signal from 
frozen samples; (iii) the relationship be- 
tween these signals; (iv) whether the sig- 
nals observed when a tumor is present 
are qualitatively different from those ob- 
served in normal tissues; and most im- 
portant (v) whether these signals have 
any practical or theoretical significance 
in cancer. 

It should be possible to obtain defini- 
tive answers to at least some of these 
questions. For example, the changes in 
intensity, line shape, and line width 
which we observed indicate that the sig- 
nal from lyophilized samples is different 
from that from frozen nonlyophilized 
samples. There are similar indications 
that the signals from tumor samples are 
not identical to those from controls. The 
signal-to-noise ratios for these samples 
are probably sufficient to permit more 
detailed ESR studies. 

Admission of oxygen to lyophilized 
samples provides an additional means of 
enhancing the signal-to-noise ratios (11) 
and of determining differences between 
different samples. With the introduction 
of oxygen, qualitative effects on the line 
shape, effects on signal intensity, and the 
time pattern of these changes could be 
studied. 
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Bacteria of the genus Rhizobium are 
capable of forming a complex nitrogen- 
fixing symbiotic association with legu- 
minous plants. Bacteria of the genus 
Azotobacter, on the other hand, fix nitro- 
gen without a requirement for a sym- 
biotic host. Intergeneric transformation 
between Rhizobium and Azotobacter 
was first described by Sen et al. (1). 
Azotobacter transformants were se- 
lected for resistance to crystal violet or 
streptomycin. Some of these transfor- 
mants resembled the Rhizobium donor 
strains in several nonselected biochemi- 
cal properties. More recently, Venka- 
taraman et al. (2) transformed R. trifolii 
with DNA from A. chroococcum and ob- 
tained transformants that grew on a ni- 
trogen-free medium and, in the free-liv- 
ing state, reduced acetylene to ethylene. 
By utilizing DNA from several strains of 
Rhizobium, Page (3) was able to trans- 
form mutant strains of A. vinelandii 
which are unable to fix nitrogen (Nif- 
strains) to Nif+ strains. We thought that 
it might be possible to transfer, to A. 
vinelandii, genes of R. trifolii that are 
specifically required for root hair infec- 
tion of Trifolium repens (white clover). 

Trifoliin is a protein from clover that 
seems to be necessary for the initial 
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stages of the infection process by R. tri- 
folii (4, 5). There is increasing evidence 
that lectins, such as trifoliin, are in- 
volved in the specificity of a Rhizobium 
species for its natural leguminous host 
plant (5-7). Immunochemical studies in- 
dicated that infective R. trifolii cells and 
clover roots have unique cross-reactive 
surface antigens (7). Preferential adsorp- 
tion of infective R. trifolii to root hairs of 
clover may result from cross bridging of 
the cross-reactive surface antigens by 
trifoliin (7). 

We transformed (8) three Nif- strains 
of A. vinelandii to Nif+ strains with 
crude DNA preparations from R. trifolii 
strain 0403 (obtained from P. S. Nut- 
man). The transformation frequencies 
ranged from 1.5 x 10-7 to 2.4 x 10-6 
(Table 1). Forty-six Nif+ transformants 
from a cross with strain UW10 as the re- 
cipient were studied further. These 
transformants produced a green dif- 
fusible pigment characteristic of the re- 
cipient strain. The recipient and transfor- 
mant cells appeared identical to each 
other and distinctly different from donor 
cells in both size and morphology when 
examined by phase-contrast micros- 
copy. Three azotophages that were spe- 
cific for the recipient strain formed 
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Table 1. Intergeneric transformation with R. trifolii as the donor and A. vinelandii as recipient. 
Transformation was conducted as described by Page and Sadoff (8), except that 2 percent su- 
crose replaced glucose in the transformation medium and the donor strain was lysed in 0.10 
percent sodium dodecyl sulfate. The donor strain, R. trifolii, was cultured in a defined medium 
(12) with 1 percent D-mannitol as the carbon source. Growth and phenotypes of the A. vine- 
landii Nif- recipient strains have been described (13). 

Nif+ 
Recipient Nif Reversion transfor- 

strains peno- to Nift+ mation 
frequencyt 

UW1 I-II- <1.1 x 10-8 1.5 x 10-7 
UW6 I-I+ <6.3 x 10-8 2.6 x 10-7 
UW10 I-II+ <2.8 x 10-8 2.4 x 10-6 

*I and II represent the Mo-Fe and Fe components of nitrogenase, respectively. The superscripts + or - refer 
to the presence or absence of activity. tThe frequency of reversion was based on the number of cells 
plated. :The Nif+ transformation frequencies were calculated as the number of Nif+ transformants per 
milliliter divided by the total number of cells per milliliter. 
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Abstract. Genes that seem to be involved in the initial steps of infection of a leg- 
ume by Rhizobium have been transferred, by transformation, to mutant strains of 
Azotobacter vinelandii that are unable tofix nitrogen. These genes code for a surface 
antigen that binds specifically to a protein from the host plant. 
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Fig. 1. Immunofluorescence of t 
strains RtAv10-54 (a) and RtAvlO-2 
treatment with rabbit antiserum to c 
antigens and fluorescein isothiocy; 
jugated goat antiserum to rabbit iml 
ulins. Fluorescence microscopy 
formed as previously described. 

plaques on the hybrid transf 
The transformants reduced ace 
ethylene and grew aerobically 
gen-free medium with a genera 
of 6.8 hours. Thus, it is apparen 
transformants have retained ma 
characteristic features of the 
strains and therefore were ] 
taminants. 

Dazzo et al (9) indicated tha 
specifically agglutinates R. trifoi 
other species of Rhizobium. A 
glutination assay was used to sl 
Nif+ transformants for the pre 
trifoliin-binding sites. The re 
dicated that 13 percent of the N 
formants were agglutinated b) 
(Table 2). The transformants t 
agglutinated by trifoliin were 
glutinated by rabbit antiserum 
against clover root antigens (' 
The antiserum to clover root 
failed to agglutinate the remaini 
formants. This result indica 
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transformants which were agglutinated 
by trifoliin also contained a cell-surface 
antigen that is cross-reactive with a com- 
ponent of clover root wall. Since all of 
the transformants that have trifoliin- 
binding sites are also agglutinated by 
antiserum to clover root antigens, it is 
possible that the trifoliin-binding site and 
the cross-reactive antigen constitute the 
same cell-surface component, as was 
suggested by the lectin cross-bridging 
hypothesis (7). 

In order to determine whether the ag- 
glutination reactions are specific for 
Azotobacter cells transformed with 
DNA from R. trifolii, we also performed 
the agglutination tests on Azotobacter 
transformed with DNA from R. japoni- 
cum, which has Glycine Max (soybean) 
as its normal host. Nif+ transformants 
from a cross with DNA from R. japoni- 
cum strain 61A76 (obtained from J. C. 
Burton) and A. vinelandii strain UW10 
were tested for agglutination by trifoliin 
and antiserum to clover root antigens. 
No agglutination reaction was observed 
with ten Nif+ transformants (Table 2). 
Four of these ten transformants had been 
observed to be agglutinated by rabbit 
antiserum prepared against whole cells 
of R. japonicum (unpublished data). 
Strain UW10 and a Nif+ revertant of 
strain UW10 served as negative controls. 
Thus the agglutination reactions of the 

he hybrid transformants appear to be specifically 
19 (b) after determined by Rhizobium donor species. :lover root 
alvter cont None of the transformants that were ag- anate con- 

munoglob- glutinated by trifoliin were able to nodu- 
was per- late white clover roots. 

Indirect immunofluorescence (7) was 
used to confirm the specific cell surface 
binding of antiserum to clover root anti- 

Formants. gens. Figure la shows that the hybrid 
tylene to strain RtAv10-54 binds antiserum to clo- 
in nitro- ver root antigens uniformly over its cell 

Ltion time surface, whereas strain RtAv10-29 (Fig. 
it that the lb) appears to bind the antibody in a 
my of the nonuniform patchy fashion. Results with 
recipient wild-type A. vinelandii, strain UW10, 
not con- and a Nif+ revertant of strain UW10 

were negative. Further studies with the 
Lt trifoliin hybrid strains may help in understanding 
lii but not the regulation of the biosynthesis and 
tube ag- compartmentation of the cross-reactive 

creen the antigen on the surfaces of these cells. 
-sence of A backcross between the hybrid trans- 
;sults in- formant, RtAv10-54, and A. vinelandii 
lif trans- strain UW10 was performed to deter- 
/ trifoliin mine whether the Nif+ phenotype and 
that were the ability to bind trifoliin are transferred 
also ag- together. Only two of the ten Nif+ trans- 

prepared formants examined from such a cross 
Table 2). were agglutinated by trifoliin. Therefore, 
antigens it appears that the genetic loci respon- 

ing trans- sible for the Nif+ phenotype and ability 
ited that to bind trifoliin are not closely linked. 

Table 2. Agglutination of hybrid Nif+ transfor- 
mants with trifoliin and antiserum to clover 
root antigens. The cross consisted of the do- 
nor as indicated and A. vinelandii UW10 as 
the recipient. Tube agglutination reactions 
were conducted as described (5). The trans- 
formants were grown for 2 days at 30?C on 
modified Burk's agar medium (14) supple- 
mented with 400 jug of nitrogen per milliliter 
as ammonium acetate. The trifoliin agglutina- 
tion reaction mixtures contained 0.25 mM 
MgSO4, 0.5 mM CaCl2, and 0.15 mM MnCl2. 

Transformants (No.) 

Donor Agglutinated by 
Tested Tri- Anti- 

foliin* serumt 

R. trifolii 46 6 6t 
R.japonicum 10 0 0 

*Trifoliin (30 ,xg/ml) was shown to be pure by acryla- 
mide gel electrophoresis. tAntiserum to clover 
root antigens was prepared as described (7). 
SThese six strains were the same as the ones that 
gave a positive reaction to trifoliin. 

Plasmid DNA molecules of unknown 
function have been detected (10) by 
physical techniques in several strains of 
Rhizobium. To determine whether trans- 
fer of the Nif+ and trifoliin-binding 
phenotypes from R. trifolii to A. vine- 
landii could be correlated with plasmid 
transfer, DNA preparations (11) from R. 
trifolii and from several of the hybrid 
transformants were centrifuged (11) to 
equilibrium in CsCl gradients in a Spinco 
model E analytical ultracentrifuge. Mi- 
crococcus lysodeikticus DNA was used 
as a density standard. Examination of R. 
trifolii DNA revealed a chromosome 
band (buoyant density, 1.721 g/ml) and a 
satellite band (buoyant density, 1.718 g/ 
ml) that was approximately 5 to 10 per- 
cent of the size of the chromosome band. 
DNA preparations from wild-type A. 
vinelandii, from strain UW10, and from 
four hybrid transformants (three of 
which had previously been shown to 
bind trifoliin and antiserum to clover 
root antigen) showed only a chromosom- 
al DNA band (buoyant density, 1.723 g/ 
ml). Thus, it appears that the R. trifolii 
satellite DNA was either not transferred 
to A. vinelandii or was not maintained in 
the hybrid transformants in the form of a 
stable extrachromosomal element. 

Thus, intergeneric transformation be- 
tween Rhizobium and Azotobacter may 
facilitate detailed studies of Rhizobium 
genes involved with the nitrogen-fixing 
symbiosis in leguminous plants. 
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malities of the Y. 

When female mice are sensitized with 
skin grafts or lymphoid cells from males 
of the same inbred strain, they produce 
antibody which identifies a plasma mem- 
brane component called H-Y (histo- 
compatibility-Y) antigen (1). Recently, 
we have shown that the gene governing 
expression of H-Y antigen is widespread 
among vertebrates, occurring in several 
divergent species including man (2). In 
all species so far examined, H-Y antigen 
is associated with the heterogametic 
(XY) sex. H-Y antigen is not present in 
XO female mice but is present in XXY 
male mice (3) and in Tfm mice, that is, 
XY intersexual mice with testicular femi- 
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mosome. Therefore as a first step in lo- 
calizing the H-Y gene, we have studied 
H-Y antigen expression in patients ex- 
hibiting deletions or other structural 
modifications of the Y. A note on the 
findings in a few of these patients has 
been published (7). 

Serological detection of H-Y antigen 
was based on the ability of white blood 
cells (WBC) to absorb H-Y antibody. 
H-Y antiserums were collected from in- 
bred female mice that had been sensi- 
tized with serial inoculations of male 
spleen cells. Before reaction with mouse 
sperm, H-Y antiserms were pooled and 
subdivided, and portions were absorbed 
with WBC from normal human males 
(46,XY), normal human females 
(46,XX), and patients (for example, 
male, 46,XYq-). Positive absorption (in- 
dicating the presence of H-Y antigen on 
the absorbing WBC) was manifested as a 
decrease in the reaction of H-Y anti- 
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Fig. 1. The sex chromosomes from two cells 
of case 8. Those on the left were photo- 
graphed first to show quinacrine banding (Q) 
and then to show C banding (C). Those on the 
right were photographed first to show Q band- 
ing and then to show silver-staining (Ag-AS). 
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serums with target sperm. Thus WBC 
from human males (H-Y+) specifically 
absorbed (bound) H-Y antibodies from 
H-Y antiserums and thereby decreased 
the ability of these serums to react with 
mouse sperm in both the sperm cyto- 
toxicity test (5) and the mixed hemad- 
sorption hybrid antibody test (8). 

Of the 17 individuals tested, 15 were 
H-Y antigen positive (Table 1). The cor- 
relations of H-Y antigen expression with 
karyotype, sexual phenotype, and ap- 
pearance of the gonads are summarized 
in Table 1. 

The H-Y locus is not on the intensely 
quinacrine fluorescent distal region of 
the Y chromosome. H-Y antigen was 
present in cases 1 to 4 and 9 to 16 despite 
the absence of this region in all 12 of 
these cases. Case 1 had a deletion of ap- 
proximately the distal half of the Y, in- 
cluding almost all of the quinacrine- 
bright and 5-methylcytosine-rich materi- 
als. Cases 2 to 4 had Y-derived chromo- 
somes of average size and typical mor- 
phology, but in each case the distal por- 
tion failed to show intense fluorescence 
after quinacrine staining, and no portion 
of the Y showed the intense binding of 
antiserum to 5-methylcytosine that is 
characteristic of normal Y chromosomes 
(9). On the other hand, in case 5 the quin- 
acrine-bright portion of the Y was pres- 
ent, but the absence of H-Y antigen con- 
firmed the exclusion of this region as the 
locus of the H-Y gene. 

Evidence that the H-Y locus may be 
on the short arm of the Y chromosome 
was provided by several cases. In the 
first of these, case 5, the abnormal Y 
chromosome was symmetrical and had 
the characteristics of an isochromosome 
of the long arm of the Y (10); that is, only 
the short arm was absent. Since H-Y an- 
tigen was also absent from this female, 
who had Turner syndrome and streak go- 
nads, the H-Y locus must have been on 
the short arm of the Y. Case 6 also had 
Turner syndrome (although the gonads 
were not examined) and was H-Y anti- 
gen-positive with no evidence of the in- 
creased amount of antigen seen in indi- 
viduals with two Y chromosomes (5). 
This patient, a female, had a slightly 
asymmetrical Y chromosome with dupli- 
cated long arms, which was not an iso- 
chromosome because there was addi- 
tional material on one arm forming a 
quinacrine-dull band adjacent to the cen- 
tromere. The simplest explanation for 
these results is that the extra band repre- 
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The location of the H-Y locus on the 
short arm of the Y is also indicated in 
case 7. This male had testes and was 

SCIENCE, VOL. 198 

sents material from the short arm of the 
Y and that it contains the H-Y locus. 

The location of the H-Y locus on the 
short arm of the Y is also indicated in 
case 7. This male had testes and was 

SCIENCE, VOL. 198 

Mapping the Locus of the H-Y Gene on the 

Human Y Chromosome 

Abstract. The H-Y locus is on the short arm of the human Y chromosome in most 
individuals but on the long arm in at least one of 17 individuals with structural abnor- 

Mapping the Locus of the H-Y Gene on the 

Human Y Chromosome 

Abstract. The H-Y locus is on the short arm of the human Y chromosome in most 
individuals but on the long arm in at least one of 17 individuals with structural abnor- 


