
distinguishing the mutant from HbA by 
either complement fixation or precipitin 
tests (11), although attempts to actually 
isolate a mutant-specific antibody popu- 
lation were only reported with goat anti- 
bodies to HbS (12). 

All the variants eliciting monospecific 
antibody (Table 1) contained substitu- 
tions exposed to the exterior of the mac- 
romolecular suiface, a finding consistent 
with observations made with other 
globular protein antigens (13, 14). Since 
the amino acid substitution in each of the 
variant hemoglobins is responsible for 
inducing a specific antibody response, it 
must be located in or near an antigenic 
determinant area. Therefore, either 
these areas exist as natural determinants 
on normal hemoglobin, or the substitu- 
tions transformed immunogenically si- 
lent areas into new reactive sites. To ex- 
amine these alternatives we absorbed an- 
tiserum to HbA with HbG Philadelphia 
and obtained antibody reactive with 
HbA but not with HbG Philadelphia, 
suggesting that the asparaginyl residue at 
a68 of HbA is part of a normal antigenic 
determinant. In contrast, absorption of 
antiserum to HbA with Hb Beograd re- 
moved all antibody to HbA, suggesting 
that the glutai. yl residue at /3121 is not a 
part of a determinant in normal HbA. 
Reichlin has also identified the in- 
volvement of the asparaginyl residue at 
a(68 in an antigenic determinant site of 
HbA (15), whereas a substitution at /121 

had no effect on the antigenicity and was 
presumably not located in an antigenic 
area (14). Similarly, absorption of antise- 
rum to HbA with HbS or HbC complete- 
ly eliminated all antibody activity to 
HbA, indicating that the glutamyl resi- 
due at /36 is not generally immunogenic in 
rabbits and may explain the difficulty ex- 
perienced by other investigators in pre- 
paring specific HbA [/36(Glu)] antise- 
rums. Another explanation advanced for 
the failure to obtain rabbit antibodies 
specific for the /36 (Glu) residue after ab- 
sorption is that the antibody has com- 
parable degrees of binding affinity for 
both HbA and HbS and is removed by 
immunoabsorption (14). Further absorp- 
tion of antiserum to HbA with a variety 
of different variant hemoglobins should 
help clarify the structural basis of the im- 
munogenicity and antigenicity of hemo- 
globin. 
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Feline Oncornavirus-Associated Cell Membrane Antigen: 
Expression in Transformed Nonproducer Mink Cells 

Abstract. The feline oncornavirus--associtated cell membrane aintigen (FOCMA) is 
a target for naturally occurring immunity that protects the cat against development 
of fibrosaircoma and leukemia. Feline sarcoma virus-transformed "nonproducer' 
mink cells expr-ess high levels of FOCMA, but not of the major vircal structural pro- 
teins. Transformation of the same cells by murine sarcoma virus, or infection with 
feline leukemia virus, which is nontr-ansforming for epithelial or fibroblastic cells, 
did not induce FOCMA. Thus, FOCMA expression in mink lung cells is specificaClly 

(issociated with trcansformation by feline star-coma virus. 

Antibody to feline oncornavirus-asso- 
ciated cell membrane antigen (FOCMA) 
is the major factor in determining wheth- 
er or not an animal successfully resists 
tumor development after infection with 
feline sarcoma virus (FeSV) (1, 2) and fe- 
line leukemia virus (FeLV) (3). In vivo, 
FOCMA is immunologically identical 
whether induced by FeLV or FeSV (3, 
4). Healthy viremic cats often have sig- 
nificant titers of antibody to FOCMA, 
but such animals never have free anti- 
body to the major virus envelope (gp7O) 
and core (p30) proteins (4, 5). By a num- 
ber of criteria, FOCMA appears to be 
distinct and separate firom the viral struc- 
tural proteins (4-6). 

The availability of nonproducer FeSV- 
transformed mink cells (7, 8) has made it 
possible to test for FOCMA expression 
in cells of a heterologous species in the 
absence of virus production. Three inde- 
pendently isolated cell lines of FeSV- 
transformed mink lung cells (Mvl-Lu) 
were used; each had been tr'ansformed 
with the Gardner-Arnstein strain of 

FeSV (9). Our data indicate that FOC- 
MA expression is dependent on transfor- 
mation by FeSV, and independent of the 
presence of viral structural proteins. In 
association with previous results in vivo, 
FOCMA, therefore, appears to be in- 
duced by transformation events associat- 
ed with the expression of either FeLV or 
FeSV. We believe this is the first report 
describing a tumor virus-associated anti- 
gen on nonproducer tumor cells that is 
known to be immunogenically effective 
under natural conditions. 

The FeSV-transformed nonproducer 
mink cell cultures used are as follows: 
lines 64FI and 64F2 which were un- 
cloned mixed cultures of transformed 
and untransformed cells; Fl Cl 10, 
Fl Cl 13, and FI Cl 16 that were derived 
from transformed single cell clones of 
64FI; and 64F3 Cl 7 which was a clonal 
culture of transformed cells derived from 
a third mixed culture. The parent line 
(Mvl-Lu) was also nonproductively 
transformed with the Kirsten murine sar- 
coma virus (Ki-MSV) and designated 
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64J1. The 64J1 line superinfected with 
heterologous helper virus, known as 
64J1 MIIII, was also tested (7, 10). 
None of the nonproducer transformants 
release into the supernatant virus that is 
detectable by the reverse transcriptase 
assay or by radioimmunoassay for the 
major viral protein, p30 (10). Rescuable 
sarcoma virus was demonstrated by su- 
perinfection with a variety of helper vi- 
ruses (7). All lines of mink origin were 
maintained in Dulbecco's modification of 
Eagle's minimal essential medium (MEM) 
with 15 percent fetal bovine serum. 

The standard reference cat lymphoma 
cell line, FI-74, induced in vivo by 
FeLV, was the positive control target 
cell for all antigens induced by FeLV- 
FeSV (1, 6, 11). To establish FOCMA in- 
duction in vitro in cat cells, several cul- 
tures were used. A normal feline fibro- 
blast cell line, FLF-3 (12) was used as an 
uninfected control, and also used after 
infection with FeLV or infection and 
transformation with FeSV (FeLV). 
CCC-clone 81, a transformed non- 
producer feline kidney line containing 
the Moloney sarcoma virus (MSV) ge- 
nome was also used before and after su- 
perinfection with FeLV (13). The cat cell 
cultures maintained in McCoy's 5a medi- 
um were F1-74, with 20 percent fetal bo- 

vine serum, and CCC-81, with 15 percent 
fetal bovine serum. FLF-3 was main- 
tained on MEM with 20 percent fetal bo- 
vine serum. 

For the demonstration of FOCMA, 
FeLV gp7O, and FeLV p30 on cell mem- 
branes, indirect immunofluorescence 
was used. This test has been described 
previously for detection of the antigens 
on the reference cultured lymphoma 
cells (Fl-74) which grew free in suspen- 
sion (1, 6, 11). For the other lines, which 
grow in an adherent or partially adherent 
manner, the cells were trypsinized, 
washed, and resuspended in rapidly agi- 
tated fresh growth medium at 37?C for at 
least 3 hours before examination. 

The positive reference antiserum to 
FOCMA was obtained from a healthy 
nonviremic cat (1-12) from a breeding 
cattery where FeLV is known to be pres- 
ent and where constant exposure to the 
virus occurs (14). This positive reference 
antiserum was exhaustively absorbed 
with FeLV until antibodies to the FeLV 
gp7O and p30 proteins were no longer de- 
tectable by radioimmunoprecipitation (4, 
5). For detection of membrane FeLV 
proteins, standard high-titered goat an- 
tiserum to FeLV p30 (a gift from F. de 
Noronha) and rabbit antiserum to FeLV 
gp7O (a gift from Dr. W. Hardy) were 

used. Fluorescein-conjugated goat an- 
tiserum to rabbit immunoglobulin G 
(IgG) was used at a dilution of I: 30 and 
fluorescein-conjugated rabbit antiserum 
to sheep IgG was used at a dilution of 
1: 10. Details on the serum reagents and 
testing procedures have been described 
(6, 11). 

For titration of infectious FeLV, the 
CCC-81 line was used in an infectious 
center assay. This technique substitutes 
tenfold dilutions of cells for culture su- 
pernatant as described by Fischinger et 
al. (13). 

The morphologic appearance of the 
mink cells is shown in Fig. 1. The control 
line, Mvl-Lu, appears as an epithelial- 
like flat monolayer, whereas the trans- 
formed phenotype of the others range 
from mild for 64F1 to extreme for 
64F3 Cl 7 and 64J 1. Of the antigens test- 
ed for, only levels of FOCMA corre- 
sponded to the state of transformation 
induced by FeSV of the cells (Table 1). 
Mvl-Lu displayed no evidence of FOC- 
MA on the plasma membrane and no 
morphologic alteration. The percentage 
of the cells in the 64F1 line that are 
rounded (35 to 45 percent) parallels the 
percent positive for FOCMA (34 per- 
cent). More than 80 percent of the cells 
in Fl Cl 10, 13, 16, and F3 Cl 7 appear 
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Table 1. Antigen expression and transformed phenotype in mink lung cells and cat cells. Abbreviations: NP, nonproducer cells; Ki-MSV, Kirsten 
murine sarcoma virus; ND, not done. 

Per- Antigens present FeLV Vrs Rescu- 
Class Designation Type of line cent on celsurccn cyto- able 

trans- FOC- FeLV FeLV plasmic re- sarcoma FOC- FeLV FeLV ~~~leaset formed MA gp7O p30 p30 genome 

Control F 1-74 Feline lymphoma (100) 100 100 100 + + 

Mvl-Lu Mink control < 5 < 5 < 5 < 5 
Mvl-Lu + FeLV Above infected with FeLV < 5 < 5 100 100 + + 

Mink 64F1 FeSV-transformed NP cell 35-45 34 < 5 < 5- - + 
64Fl Cl 10, 13, 16 Clones of above > 80 100 < 5 < 5 + 

64F2 FeSV-transformed NP cell 50-60 80 < 5 < 5 - + 

64F2 + FeLV Above infected with FeLV 50-60 80 100 100 + + + 

64F3 Cl 7 FeSV-transformed cloned NP cell > 80 100 < 5 < 5 - - + 

64F3 Cl 7 + FeLV Above infected with FeLV > 80 100 100 100 + + + 

64J1 Ki-MSV-transformed NP cell > 80 < 10 < 5 < 5 - + 

64J 1 + PP-lR Above infected with heterologous > 80 < 10 < 5 < 5 + + + 
helper 

Cat CCC-81 Feline kidney, S+L- with MSV < 5 < 5 <5 < 5 ND - + 
CCC-81 + FeLV Above infected with FeLV > 80 < 5 100 100 ND + + 

FLF-3 Normal feline fibroblast < 5 < 5 < 5 < 5 ND - ND 
FLF-3 + FeLV Above infected with FeLV < 5 < 5 100 100 ND + ND 
FLF-3 + FeSV Above transformed with FeSV > 80 100 100 100 ND + ND 

'Percent of cell population. tTested by infectious center assay on CCC-81 cells. 

altered, and likewise these lines express 
the extreme of FOCMA expression, with 
all the cells positive. Those cells which 
are positive give reactions with the posi- 
tive reference serum at dilutions ranging 
from 1: 16 to 1: 128, while the negative 
cells give no reaction at 1: 2. In contrast 
to this trend, no viral structural proteins 
were detected on the surfaces of any of 
these cell lines. 

To determine whether viral antigens 
could be induced independent of FOC- 
MA, the FeSV nonproducer as well as 
the untransformed mink cells were in- 
fected with subgroups A and C FeLV. 
After I month, with passages three times 
per week subsequent to superinfection, 
virus replication was present regardless 
of the state of morphologic transforma- 
tion and the presence of FOCMA. The 
control line remained negative for FOC- 
MA, but became positive for gp7O and 
p30. All the transformed nonproducer 
lines converted to positive for the struc- 
tural antigens but were otherwise un- 
changed, The growth pattern of all the 
cell lines was unaltered by infection with 
FeLV. Viral structural proteins on the 
cell membrane, as detected by immuno- 
fluorescence, correlated with virus re- 
lease when tested by the infectious cen- 
ter assay. These results suggest that 
FOCMA expression is associated with 
transformation and is not associated sim- 
ply with virus replication. To establish 
that FOCMA is specifically dependent 
on transformation by FeSV, rather than 
being an indirect effect of the trans- 
formed state itself of the mink cells, a 
mink cell line (64J , which had been 

transformed by Ki-MSV) of equal mor- 
phologic alteration as 64F3 was tested. 
Transformation by Ki-MSV did not in- 
duce FOCMA expression. The same line 
infected with a heterologous helper virus 
did not react with antiserum to feline 
gp7O or p30 although it did react with an 
antiserum to murine leukemia virus. 

Of the feline cell monolayer cultures, 
only those infected and transformed with 
FeSV expressed FOCMA. The same line 
infected with FeLV, which is non- 
transforming for adherent cells, became 
positive for the structural proteins of the 
virus (gp7O and p30) but did not become 
positive for FOCMA. The presence of 
the Moloney MSV genome in CCC-81 
did not induce FOCMA, nor did the 
phenotypic alteration induced in this line 
after superinfection with FeLV. The re- 
sults from both the mink and cat cells im- 
ply that FOCMA expression is specific 
for transformation by FeSV. 

Under field conditions, FOCMA has 
relevance as the target for a naturally 
occurring immunosurveillance response 
against leukemia and sarcoma devel- 
opment (3, 14, 15). The amounts of hu- 
moral antibody present in cats to FOC- 
MA are inversely correlated with tumor 
progression (3, 14; 16). Antibodies di- 
rected to FOCMA are cytotoxic in the 
presence of complement (4, 17). Cells 
that contain FOCMA have been used as 
a vaccine to protect against development 
of leukemia or sarcoma subsequent to 
challenge with FeLV or FeSV (18, 19). 
Successful vaccination was not associat- 
ed with antiviral immunity, an observa- 
tion which is compatible with a dis- 

tinction between FOCMA and the FeLV 
structural proteins (19). Another line of 
evidence suggesting that FOCMA is dis- 
crete from the known viral structural 
proteins was obtained from observations 
of discordance between antibody to 
FOCMA and to various virus antibody 
titers, and a failure to remove FOCMA 
by absorption either with whole FeLV or 
with purified FeLV proteins (4-6). 

The FeSV-transformed nonproducer 
cells described should represent a valu- 
able resource for further character- 
ization of FOCMA. The data from these 
mink cell lines have demonstrated that 
FOCMA production cor-relates with 
morphologic transformation specifically 
induced by FeSV, and is independent of 
the presence of viral structural proteins 
on the plasma membrane. Previous in 
vivo data have indicated that FOCMA 
occurs on the plasma membranes of fe- 
line lymphoid cells transformed by 
FeLV. Together, these results demon- 
strate that the expression of FOCMA 
parallels transformation induced by ei- 
ther FeLV or FeSV. Therefore, FOCMA 
appears to be the first described non- 
virion tumor-specific surface antigen that 
is induced by a naturally occurring on- 
cornavirus of an outbred mammalian 
species. 

A. H. SLISKI, M. ESSEX 

Depar-tment Of Micr-obiology, 
Harvar-d University School of Public 
Health, Boston, Massachusetts 02115 

C. MEYER, G. TODARO 

Laborato-y of Viral Carcinogenesis, 
National Cancer Institute, 
Bethesda, Mao ylcand 20014 

1338 SCIENCE, VOL. 196 



References and Notes 

1. M. Essex, G. Klein, S. P. Snyder, J. B. Harrold, 
Nature (London) 233, 195 (1971). 

2. __ , Int. J. Cancer 8, 384 (1971). 
3. M. Essex, Contemp. Top. Immunobiol. 6, 71 

(1976). 
4. _ , J. R. Stephenson, W. D. Hardy, Jr., S. 

M. Cotter, S. A. Aaronson, Proceedings of the 
Cold Spring Harbor Conference on Cell Prolif- 
eration, in press. 

5. J. R. Stephenson, M. Essex, S. Hino, W. D. Har- 
dy, Jr., S. A. Aaronson, Proc. Natl. Acad. Sci. 
U.S.A. 74, 1219 (1977). 

6. M. Essex, F. de Noronha, S. Oroszlan, W. D. 
Hardy, Jr., in Proceedings of the Third Inter- 
national Symposium on Detection and Pre- 
vention of Cancer, H. E. Nieburgs, Ed. (Dek- 
ker, New York, in press). 

7. I. C. Henderson, M. M. Lieber, G. Todaro, 
Virology 60, 282 (1974). 

8. G. Todaro, J. E. DeLarco, S. Cohen, Nature 
(London) 264, 26 (1976). 

9. M. B. Gardner, P. Arnstein, R. W. Rongey, J. 
D. Estes, P. S. Sarma, C. F. Rickard, R. J. 
Huebner, ibid. 226, 807 (1970). 

10. C. J. Sherr, R. E. Benveniste, M. M. Leiber, G. 
Todaro, J. Virol. 19, 346 (1976). 

11. M. Essex and S. P. Snyder, J. Natl. Cancer Inst. 
51, 1007 (1973). 

12. W. D. Hardy, Jr., L. J. Old, P. W. Hess, M. 

Essex, S. M. Cotter, Nature (London) 244, 266 
(1973). 

13. P. J. Fischinger, C. S. Blevins, S. Nomura, J. 
Virol. 14, 177 (1974). 

14. M. Essex, A. Sliski, S. M. Cotter, R. M. Ja- 
kowski, W. D. Hardy, Jr., Science 190, 790 
(1975). 

15. M. Essex, A. Sliski, W. D. Hardy, Jr., S. M. 
Cotter, Cancer Res. 36, 640 (1976). 

16. M. Essex, S. M. Cotter, J. L. Carpenter, W. D. 
Hardy, Jr., P. Hess, W. Jarrett, D. S. Yohn, J. 
Natl. Cancer Inst. 54, 631 (1975). 

17. C. K. Grant, D. J. DeBoer, M. Essex, M. B. 
Worley, J. Higgins, J. Immunol., in press. 

18. W. Jarrett, 0. Jarrett, L. Mackey, H. Laird, C. 
Hood, D. Hay, Int. J. Cancer 16, 34 (1975). 

19. R. G. Olsen, E. A. Hoover, L. E. Mathes, L. 
Heding, J. P. Schaller, Cancer Res. 36, 3642 
(1976). 

20. We thank K. DeSanti and J. Michaud for techni- 
cal assistance, Dr. J. Whitescarver and C. Ra- 
maika for photography, and Drs. F. de No- 
ronha, W. D. Hardy, Jr., J. R. Stephenson, and 
S. A. Aaronson for serum reagents. Supported 
by grants CA-13885, CA-18216, and CA-09031, 
and contract CB-64001 from the National Can- 
cer Institute, and grant PDT-36A from the Amer- 
ican Cancer Society. M.E. is a scholar of the 
Leukemia Society of America. 

3 January 1977; revised 3 February 1977 

Potential Operating Region for Ultrasoft X-ray 

Microscopy of Biological Materials 

Abstract. Calculations are presented which indicate an extensive suboptical re- 
gion in the microscopy of biological materials in their naturcal state which is acces- 
sible to ultrasoft x-rcay trcansmission microscopy. Throughout most of the region, 
r(ldialtion dosage levels to the specimen are lower than in electrcon microscopy. 

It has been shown in recent work (1) 
that contact microradiography with the 
use of ultrasoft x-rays and high-resolu- 
tion polymer resist detectors is capable 
of resolutions of the order of 100 A with 
unstained biological materials. Similarly, 
the feasibility of ultrasoft x-ray micros- 
copy with the use of Fresnel zone-plates 
and of scanning microscopy with syn- 
chrotron x-rays has been shown (2, 3), 
although at lower resolutions than the 
above. These accomplishments suggest 
the desirability of ascertaining just what 
the potential operating region for ultra- 
soft x-ray transmission microscopy may 
be. 

As a contribution to the study of this 
question we have calculated the radia- 
tion dose D which an unstained biologi- 
cal specimen must undergo in ultrasoft x- 
ray microscopy. [It is known (4) that ra- 
diation dose and the damage resulting 
therefrom is the limiting factor in the res- 
olution obtainable by electron microsco- 
py of unstained biological systems.] The 
calculations cover bright-field and dark- 
field transmission x-ray microscopy, a 
wavelength range for the photons from 
1.3 to 90 A, and model systems represen- 
tative of a number of different simplified 
two- and three-phase biological speci- 
mens. The dose D is calculated as a func- 
tion of the specimen thickness t and the 
resolution d at which the microscopy is 

being carried out. It is assumed in the 
calculations that the instrumentation is 
ideal in the sense that it does not in- 
crease dosages over those calculated (for 
example, through losses in the detectors) 
or decrease resolution (for example, 
through diffraction effects or through ab- 
errations in the optical elements). 

For convenience in comparing with 
electron microscopy, D is similarly cal- 
culated for an extensive set of CTEM 
and STEM modes (5), and for electron 
energies in the range 104 to 107 ev. Anal- 
ogous assumptions are made about the 
freedom of the instrumentation from sig- 
nal and resolution loss. 

Under the assumptions given, the min- 
imum incident flux nmin of particles on 
the specimen necessary to distinguish re- 
liably between two differing resolution 
elements of the specimen is given by 

nmin = 25(p, + P2)/2(Pi -P2)2 (1) 

where d is the edge-length of the resolu- 
tion element, and Pi, P2 are the probabili- 
ties of an incident particle giving rise to 
an event of the type being used to form 
the signal in the microscopy in question 
in the two resolution elements. Equation 
1 is a modified form of the criterion origi- 
nally introduced by Rose (6). For ultra- 
soft x-rays the event may be the trans- 
mission of the photon through the speci- 
men (bright-field microscopy, mode XI 

in ouI nomenclature), or the absorption 
of the photon in the specimen (dark-field 
microscopy, mode X2). 

If one assumes that the resolution ele- 
ments consist of a background material B 
of thickness tB and a feature material, 
which is F1 or F2 in the two different 
types of resolution element, of thickness 
tF, then 

p 1 exp(- 1JBtB - IJF10F, 

PX21 exp(- /JBtB , PF20F (2a) 

and 

Pi I - exp(- /JBtB - WFJtF), 

X2 /tt 
P2 :1 - exp(- /JBtB I F2tF) (2b) 

for XI and X2 microscopy, respectively. 
Here bLB, JF1 l, and J,F2 are the linear ab- 
sorption coefficients for the x-rays in 
question in the materials in question, and 
may be calculated fi-om tabulated data 
(7). Together, Eqs. 1 and 2 allow the 
minimum flux of photons to be calcu- 
lated in terms of the thicknesses of back- 
ground and featur-es in the specimen, the 
wavelength of the x-rays and materials of 
the background and features, the mode 
of the microscopy, and the desired reso- 
lution d. 

The mean radiation dosage (energy de- 
posited per unit mass) in the initial layers 
of a specimen composed of equal num- 
bers of elements containing Fl and F2, 
corresponding to the minimum incident 
flux nmin, is 

D = nminE [2/,BtB + (/,FI + /tF2) tF1 / 

[2PBtB + (PF1 + PF2)tF] (3) 

where E is the energy deposition per 
absorption hv and PB, PF1, PF2 are the 
densities of the materials B, Fl, F2, re- 
spectively. With the aid of Eq. 3, the 
least dosage to the specimen consistent 
with reliable imaging can be calculated 
in terms of the quantities noted above 
(thicknesses and materials of specimen, 
wavelength, mode, and resolution). 

In electron microscopy, Eq. 2 is re- 
placed by formulas corresponding to the 
eight CTEM and STEM modes consid- 
ered (5). The formulas are similar to Eq. 
2 in form, but involve the linear 
coefficients for elastic scattering B YFl 
btF2 and inelastic scattering t iB, 4Fl /jF2. 

The linear coefficients are calculable 
from the atomic cross sections for elastic 
and inelastic scattering (8). Finally, Eq. 3 
is modified in the electron case by reduc- 
ing E to approximately 48 ev [this choice 
yields values for the dose which are in 
close agreement with relativistic stop- 
ping power equation values (4, 9)], and 
replacing ,u's by ,u1's. 
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