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PREVIOUS paper described the results of the antigenic analysis of a A series of co-isogenic stocks consisting of a reference stock (" Isogenic "1, 
two single-mutant stocks derived from it (ruby and vermilion), and a double- 
mutant stock (ruby-vermilion) derived from the single mutants (Fox 1949b). 
I t  was found that Isogenic possessed an antigenic fraction, subsequently called 
Antigen 1, not possessed by the mutant stocks. Vermilion and ruby-vermilion 
were found to possess a different antigenic component (Antigen 2)  not present 
in Isogenic and ruby. Ruby could not be demonstrated to possess a specific 
antigenic fraction. Assuming that the mutant stocks differed from Isogenic 
only with respect to the vermilion and ruby loci, it was concluded the Anti- 
gen 1 was the interaction product of the wild alleles of these loci. 

The present investigation consists of two parts. The first part comprises a 
test of the above assumption and yields evidence supporting its validity. The 
second part consists of a test which indicates that one or more loci in addition 
to ruby and vermilion participate in the production of Antigen 1. An adden- 
dum describes the partial chemical isolation and characterization of Antigen 1, 

MATERIALS AND METHODS 

Genetic. The four co-isogenic stocks used in the previous investigation were 
of the following genotypes : 

Isogenic 
V e r m i 1 ion 
Ruby 
Ruby-Vermilion 

Payfie Dfd ca. / l (3  ) F 
'U; Payne Dfd c a / l ( 3 )  F 
rb;  Payne Dfd c a / l ( 3 )  F 
rb v ;  Payne Dfd c a l l  (3) F.  

Isogenic was derived by means of the familiar '' marker, crossover-inhibitor " 
method, so that the X chromosome, the second chromosome and each of the 
third chromosomes traced to a single source. The two mutations were X-ray- 
induced, and the single mutant stocks were derived by replacing rayed auto- 
somes with untreated chromosomes from Isogenic. The double mutant stock 
was derived from a crossover in an F1 female produced in a cross between the 
single-mutants. The two mutants are listed respectively as ~b~~~ and z~~~~ in 
Drosophila Information Service, No. 22, 1948. 

1 This investigation was supported by a research grant from the National Institutes 
of Health, U. S. Public Health Service. 

GENETICS 38:  152 March 1953. 
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IMMUNOGENETICS OF DROSOPHILA 153 

The results of the investigation indicated that the possible heterogeneity of 
fmr th  chromosomes in the stocks was not responsible for the observed differ- 
ences. However, since a dose of 3000 r was used to induce the mutations, it 
was not possible to rule out the occurrence of iso-allelic mutations of sex-linked 
loci other than ruby and vermilion. Consequently the possibility that the ob- 
served results could be attributed to mutation at loci other than these two 
remained to be considered. 

In this investigation these four stocks have been utilized in the derivation 
of two new series of stocks, the dietails of which are to be found below. 

Immunological. The immunological technics used in this investigation were 
identical with those previously reported (FOX 1949a, 194913). In  general terms, 
the analysis of each antiserum is performed in several steps. Initially, the opti- 
mal-proportion point exhibited by each antiserum with the antigens of each 
of the several stocks is determined. These tests are performed in a series of 
tubes containing like amounts of antiserum but decreasing amounts of antigen. 
After the optimal-proportion determination the tubes are incubated for a 
period of time sufficient to allow for completion of 'the antigen-antibody reac- 
tion, centrifuged, and the supernates used as absorbed sera in precipitin-ring 
tests with each of the antigens. Incthese latter tests, the antigens are dissolved 
in gelatin in concentrations proportional to their optimal-proportion ratios 
with the serum being tested. The results of the precipitin-ring tests indicate 
the existence of antigenic fractions specific to given stocks or held in common 
among two or more of the stocks. 

One point of difference between the results of this investigation and those 
previously reported, having an influence on the performance of the tests, should 
be noted. In the previous work, the optimal-proportion point exhibited by a 
serum with its homologous antigen was frequently markedly lower than with 
heterologous antigens. As a result, the concentration of homologous, antigen 
used in the precipitin-ring tests was correspondingly higher than the concen- 
trations of heterologous antigens. In the present work, such differences in opti- 
mal-proportion points were not encountered, and all antigens were used in the 
same concentration in the precipitin-ring tests. As will be seen below, this dif- 
ference does not influence the results of the tests or the conclusions derived 
therefrom, and independent tests have demonstrated that antigen concentration 
is not critical in the precipitin-ring tests. 

It may thus be seen that the optimal-proportion technic is used, primarily as 
a method) of locating appropriate equivalence zones so as to assure complete 
absorption with a given antigenic preparation. In  has resulted in economies of 
labor and material and has proved effective where dilutions of antisera are 
impossible because of low titer. All conclusions, however, are based on the 
results of the precipitin-ring tests of antisera absorbed in this manner. 

EVIDENCE SUPPORTING THE CONCLUSION OF INTERACTION 

BETWEEN rb+ AND v+  

Stocks. The major source of dhubt confronting the conclusions previously 
reached was the possibility that undetected mutation at X-chromosomal loci 
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other than vb and v was responsible for the antigenic differences demonstrated. 
This possibility has been tested1 by attempting to separate such mutations from 
rh and v by means of crossing over. The series of stocks derived in this attempt 
will henceforth be called series 1. 

In preparation for this derivation, a Muller-5 (scsl B In-S wa scs)  stock with 
autosomes derived from Isogenic was constructed as follows : 

M-5/M-5; C y / P w ,  d ~ ~ ~ ~ ;  H / I n ( 3 R ) M o ,  S b  sr 

to yield females of the following genotype : 

ALLEN S. FOX AND THOMAS B. WHITE 

x Payne Dfd c a / l ( 3 )  F (Isogenic j 

M-5/+; Cy/+; I n ( 3 R j M o ,  Sb s r / l ( 3 ) F .  

Such females were then mated with Isogenic males yielding the following males 
and females : 

M-5/Y;  +/+; Payne Dfd c a / l ( 3 ) F  
M-5/+; +/+; Payne Dfd c a / l ( 3 )  F .  

These were mated inter se giving : 

M - 5 / Y ;  +/+; Payne Dfd c a / l ( 3 )  F 
M-5/+; +/+; Payne Dfd c a / l ( 3 )  F ,  

which were then used to derive the desired stock. 
The actual derivation of series 1 then proceeded in the following fashion. 

A single ruby-vermilion male was mated with a single Isogenic female to yield 
rb v/rb+ v+ ; Payne Dfd c a / l ( 3 )  F daughters. Crossing over between rb and v 
in a single such female yielded an X chromosome carrying only v and a second 
X carrying only rb. These were isolated without further crossing over by means 
of a series of crosses beginning with this heterozygous female : 

rb v/rb+ v+ ; Payne Dfd c a / l ( 3  j F x Payne Dfd c a / l ( 3 )  F (Isogenic j .  
From among the progeny of this female a single rb male and a single 'U male 
were chosen for matings with females from the co-isogenic Muller-5 stock 
derived above : 

rb v+/Y;  Payne Dfd c a / l ( 3 )  F x M-5/M-5; Payne Dfd c a / l ( 3  j F 
and 

rb+ v /Y ;  Payne Dfd c a / l ( 3 )  F x M-5/M-5; Payne Dfd c a / l ( 3  j F .  
The first of these matings yielded 

rb v+/M-5;  Payne Dfd c a / l ( 3  j F 
females, which were then mated with their father : 

rb v+/M-5; Payne Dfd c a / l ( 3 )  F x rb v+/Y 'Payne  Dfd c a / l ( 3 )  F 

rb v+/Y;  Payne Dfd c a / l ( 3 )  F 
and 

rb v+/rb v+; Payne Dfd c a / l ( 3 )  F ,  

to yield 
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IMMUNOGENETICS OF DROSOPHILA 155 

which when mated established a new ruby stock (ruby 1). The second of the 
above matings by means of a similar series of crosses yielded a new vermilion 
stock (vermilion 1). 

New type and ruby-vermilion stocks were derived from a mating between a 
single ruby 1 female and a single vermilion 1 male which yielded heterozygous 
daughters: rb+ v / rb  v+; Payne Dfd c a / l ( 3 ) F .  Crossing over in a single such 
female yielded a reconstituted rb v X chromosome and a reconstituted wild X. 
These were isolated without further crossing over by means of series of mat- 
ings similar to those used in the derivation of ruby 1 and vermilion 1, and were 
incorporated in the new ruby-vermilion 1 and type 1 stocks. 

I t  may be seen that while the autosomes in each of these new stocks may be 
assumed to be the same as those in the original stocks (including Payne Dfd 
c a / l ( 3 ) F ) ,  the X chromosomes have been altered by crossing over between 
rb and1 v. In  the case of ruby-vermilion 1 and type 1 two occasions of such 
crossing over have occurred. If the antigenic differences among the original 
stocks were due to undetected mutations at loci other than rb and v, it may be 
hoped that these have been separated from rb and v during the course of this 
experiment. 

Results. Antisera to each of the stocks in series 1 have been analyzed. Since 
the analysis of each serum includes four optimal-proportion determinations and 
tests of the supernates from each optimal-proportion determination with anti- 
gens of each of the four stocks, the full results cannot be given here. Instead, 
we have chosen to present in detail the results of one test which may serve as 
a typical example, and have summarized the remaining results in a brief form. 

Table 1 contains the results of the analysis of a single anti-type 1 serum 
which discloses the antigenic structure of type 1 as compared with vermilion 1. 
Part a of the table contains the protocol and results of the optimal-proportion 
test of this serum with vermilion 1 antigens. The optimal-proportion is seen 
to equal 0.8, a very low value. Such low optimal-proportion points have been 
frequently observed in this work, and would seem to indicate that the active 
components of the antigenic preparations are present in minute amounts. The 
optimal-proportion points exhibited by this serum with the antigens of the 
other stocks in series 1 were approximately equal to that obtained in this test. 

After suitable incubation, the supernates from the optimal-proportion deter- 
mination were used in precipitin-ring tests with the antigens of each of the 
four stocks (dissolved at a concentration of 1 : 2 in 5% gelatin). The results 
are contained in part b of the table. Antigenic, antiserum and normal controls 
are omitted from the table but were all negative. It may be seen that quantities 
of vermilion 1 antigens larger than 0.25 ml completely remove from a 0.4 ml 
sample of a 1 : 2 dilution of the serum all antibodies capable of reacting with 
vermilion 1 antigens (tubes 1, 2 and 3). The absorption is equally or  more 
effective with respect to ruby 1 and ruby-vermilion 1, but it is apparent that 
vermilion 1 is incapable of exhausting the serum of antibodies which react 
with type 1. This observation serves, then, to identify an antigenic component 
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156 ALLEN S. FOX AND THOMAS B. WHITE 

(simple o r  complex) possessed by type 1 but not by the mutant members of 
series 1. 

The results contained in table 1 of this publication are sensibly identical 
with table 4 of our previous publication (FOX 194913) which contained the 
results of the analysis of the original Isogenic stock with respect to the origi- 
nal vermilion stock. In at least this respect, the derivation of type 1 appears 
not to have resulted in a change of antigenic structure. Three additional anti- 
type 1 sera have given similar results. (This is not to be construed as meaning 
that all anti-type 1 sera exhibit this specificity. In our experience only about 

TABLE I 
Analys i s  of type 1 with respect to vermilion 1. 

a. Exact Optimal-Proportion Test 
S e n "  $50, anti-type 1; dilution, 1:2. Antigen: F-3d-3, vermilion 1. Optimal 

proportion': 0.8. Incubation temperature: 37.5OC. 

Tube 1 2  3 4  5 6 7  8 

Saline (ml) .... 0.1 0.15 0.2 0.23 0.25 0.27 0.29 
Antigen (ml) 0.4 0.3 0.25 0.2 0.17 0.15 0.13 0.11 
Antigen dilution 1 : l  1:1.3 1:1.6 1 : 2  1:2.4 1:2.7 1:3.1 1:3.6 
Antiserum (ml) 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 
Time to pp't. (min) 20 19.5 18 23 >23 >23 >23 >23  

~~~ 

Dilution of antigen 1.6 
- -. ' Optimal proportion = - 

Dilution of antiserum 2 

b. Precipitin-Ring Tes t  
Above tubes incubated a t  37.5OC for 2 hours followed by 6OC for 24 hours, cen- 

trifuged, and supernates used in following: 

Tube 
Antigen 

F-IC-2, type 1 ++ ++ ++ ++ ++ ++ ++ +++ 
F-2c-2, ruby 1 - - - - - 
F-3d-3, vermilion 1 - - 

F-4b-4, ruby-vermilion 1 - - - - 

(1 : 2 in gel.) 

(1  : 2 in gel.) 

(1: 2 in gel.) 

(1  : 2 in gel.) 

tr tr + 
- tr tr + +  ++ 

tr tr + ++ 

one out of five antisera is specific. This is an experience dluplicated in most 
immunological work (IRWIN 1949) and appears to result from a difference 
in responsiveness of rabbits to antigenic stimuli.) 

In table 2 are summarized in a qualitative fashion the results of the rest of 
the analysis of type 1, along with the results of the analysis of vermilion 1 
(two specific sera), ruby 1 (eight an,tisera), and ruby-vermilion 1 (two spe- 
cific sera). The table discloses the existence of two specific fractions. The com- 
pleted analysis of anti-type 1 serum serves further to idmentify the antigenic 
component mentioned above; namely, a component specific to type 1 but not 
possessed by vermilion 1, ruby 1, or ruby-vermilion 1. In'addition, analysis of 
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IMMUNOGENETICS OF DROSOPHILA 157 

vermilion 1 and ruby-vermilion 1 anti-serum yields evidence of a second com- 
ponent, possessed by these two stocks but not present in type 1 or ruby 1. 

Comparison of this table with table 6 in Fox (1949b) reveals that the anti- 
genic structure of the series 1 stocks is identical to that of the original stocks. 
In particular, the type 1-specific component exhibits a distribution identical 
with that of Antigen 1, and the distribution of the component possessed by ver- 
milion 1 and ruby-vermilion 1 parallels that of Antigen 2. These parallelisms 
argue, therefore, for an identification of the two specific fractions of series 1 
with Antigens 1 and 2 of the original series of stocks. 

Further evidence for such an identification is contained in table 3. When an 
anti-Isogenic serum was absorbed by vermilion 1 it no longer reacted with 
vermilion 1, ruby 1 or ruby-vermilion 1, but reacted with equal intensity with 

TABLE 2 
Summary o/ analysis 01 series 1. 

- ___-__ 
T e s t e d  with 

Type 1 Vermilion Ruby 1 Ruby-vermilion 1 
Antiserum Absorbed by 

- - - - 
- - - Anti-type 1 Type 1. 

Anti-vermilion 1 Type.  1. - 

Anti-ruby 1 Type.  1. 

Vermilion 1 + 
Ruby 1 + 
Ruby-vermilion 1 + - - - - - - 

+ + 
Vermilion 1 - - - - 

+ + Ruby 1 - 
Ruby-vermilion 1 - - - - 

Ruby 1 - - - - 
Ruby-vermilion 1 - - - - 

- 

- - - - - a - - Vermilion 1 

+ 
+ 

- + 
+ 

Anti-ruby-vermilion 1 Type 1 - 
Vermilion 1 
Ruby 1 - 
Rubv-vermilion 1 - - - - 

- - I - - 

Isogenic and type 1. When an anti-vermilion (original series) serum was 
absorbed with type 1 antigens, it no longer reacted with type 1 or ruby 1, but 
reacted with equal intensity with vermilion (ofiginal series), vermilion 1 and 
ruby-vermilion 1. There seems to be little doubt that the type 1-specific com- 
ponent is Antigen 1 and that the component possessed by vermilion 1 and 
ruby-vermilion 1 is Antigen 2. (More extensive tests were prevented by the 
unfortunate loss of the original series of stocks to the combined attack of sum- 
mer heat and mold.) 

The failure of anti-ruby and anti-ruby 1 sera to demonstrate a ruby-specific 
component deserves further comment. As has been previously pointed out 
[Fox 1949b), such failure is not conclusive evidence that ruby and ruby 1 do 
not possess a specific component. However, a total of ten anti-ruby sera have 
been analyzed, two against the original ruby and eight against ruby 1, without 
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positive results. If a ruby-specific component exists is must certainly not be 
one of high antigenicity. 

Discussion. The test described in the preceding pages is essentially one of 
the inseparability of Antigens 1 and 2 from change at the ruby and vermilion 
loci. Opportunity for recombination between these loci and the observed' anti- 
genic properties has been provided. No recombination has occurred. 

I t  is fully realized, of course, that inseparability can be conclusively demon- 
strated only by means of repeated tests such as have been reported here. The 

TABLE 3 
Tests /or identity o/ antigens. 

a. Antigen 1 

ALLEN S. FOX AND THOMAS B. W H I T E  

Serum: S 1 3 ,  anti-isogenic. Absorbed by F-3d-3, vermilion 1. Tes ted  with fol- 
lowing antigens in precipitin-ring tests. 
_______________ ... - 

1 : 2  1 : 4  1:8 1:16 1 :32  1 :64  Antigen Antigen 
(in gel. 5%) dilution 

Isogenic ++++ ++++ +++ ++ ++ + 
Type J ++++ ++++ +++ ++ ++ + 

0-1-5) 

(F-lc-2) 
Vermilion 1 

( F-3d-3) 
Ruby 1 

(F-2c-2) 

(F-4b-4) 

- - - - - - 

- - - - - - 
Ruby-vermilion 1 - - - - - - 

b. Antigen 2 
Serum: S-15, anti-vermilion. Absorbed by F-lc-3, type 1. Tes ted  with following 

antigens in precipitin-ring tests. 

1 : 2  1:4 1 : 8  1:16 1 :32  1:64 Antigen Antigen 
(in gel. 5 % )  dilution 

Vermi 1 ion ++++ ++++ +++ +++ ++ ++ 
Vermilion 1 ++++ ++++ ++++ +++ +++ ++ 
Ruby-vermilion 1 ++++ ++++ +++ ++ ++ ++ 
Type 1 

Ruby 1 - - - - - - 

03-3-31 

( F-3d-3 

(F-4b-4) 

(F- IC-2) 

(F-2c-2) 

- - - - - - 

labor involved in the analysis of additional series of stocks is, however, pro- 
hibitive and, when the total picture is viewed, seems unprofitable to pursue. 

I t  should be recalled that the method of derivation of the original series of 
stocks was such as to reduce to a minimum the probability that genetic differ- 
ences other than those at the ruby and vermilion loci existed among the stocks. 
The method of the derivation of co-isogenic stocks by means of the induction 
of mutations on an isogenic background seems preferable even to the method 
of inbreeding with forced heterozygosis ( SCHWAB 1940 ; DOBZHANSKY and 
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IMMUNOGENETICS OF DROSOPHILA 159 

HOLTZ 1943). In our previous discussion of the methods used to derive the 
original series of stocks (Fox 1949b) we commented that two possible sources 
of uncontrolled genetic variability among the stocks were 1 ) secondary effects 
of the X-ray treatment, and 2)  lack of control of chromosome 4. The former 
possibility is tested in the present work. With respect to the latter possibility 
we stated that in the original series of stocks, " due to the method of their 
derivation, the mutant stocks would be expected to possess, among others, a 
sample of fourth chromosomes derived from the Isogenic stock. This being the 
case, Isogenic antigens produced by loci on the fourth chromosome might be 
expected to occur in the mutant stocks as well. I t  will be recalled that Isogenic 
was demonstrated to possess an antigenic fraction not possessed by the mutant 
stocks. This circumstance, along with the small size of the fourth chromosome, 
would seem to reduce, although not eliminate, the possibility that the antigenic 
differences between the stocks are clue to genetic variability of the fourth chro- 
mosome." This comment is equally pertinent for the present work. 

Another comment which should be made about the methods used in both the 
previous and present work is that the presence of inversions frequently causes 
crossing over to occur in regions where it would otherwise be negligible 
(STURTEVANT 1919; MORGAN, BRIDGES and SCHULTZ 1930; SCHULTZ 1951). 
This could be an additional source of uncontrolled genetic variability, but the 
results of these investigations would seem to indicate that any such variability 
has not had antigenic effect. The opportunity for the introduction of variability 
from this source has occurred during the derivation of each of the four original 
stocks and each of the four stocks of series 1. But if such variability has been 
introduced it would be expected to differ from stock to stock, and if accom- 
panied by antigenic effect would not have resulted in the consistent pattern of 
antigenic distribution observed in both series of stocks. 

The methods therefore seem reliable, and added to these assurances are the 
results of the present tests. There seems little cogent doubt that the antigenic 
differences demonstrated in this work are attributable to the differences at the 
ruby and vermilion loci. It may be concluded, therefore, that Antigen 1 is the 
interaction product of v+ and rb+, and that Antigen 2 is associated with muta- 
tion at the vermilion locus. 

This being the case, an additional question may now be formulated. While 
interaction between rb+ and 'U+- may be considered to have been demonstrated, 
there remains the possibility that other loci are also involved in this interaction. 
Since all of the stocks analyzed have the same residual genotype they are not 
useful for an examination of this question. The second part of this paper is 
devoted to an analysis of the antigenic effects of changes in the residual geno- 
type. 

EVIDENCE INDICATING T H E  PARTICIPATION OF ADDITIONAL LOCI 

I N  T H E  PRODUCTION O F  ANTIGEN 1 

Stocks. A series of stocks (series 3)  possessing a different residual geno- 
type was derived by introducing autosomes from an unrelated, non-isogenic 
sourceinto each of the four stocks of series 1. The derivation of the ruby 3 
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160 ALLEN S. FOX AND THOMAS B. WHITE 

stock may be taken as an example. Ruby 1 males were mated with Muller-5 
(scsl B In-S wa sc8) females: r b / Y ;  Payne Dfd c a / l ( 3 ) F  x M-5/M-5.  Ear 
Deformed female offspring were crossed .with Muller-5 males : M - S / r b ;  
Payae Dfd ea/+ x M-.5/Y. Heterozygous Bar females were mated with ruby 
brothers : M-S/rb; -I/+ x rb /Y;  +/+. Ruby males and females from this cross 
were mated inter se, thus establishing the ruby 3 stock. Similar matings were 
used in the derivation of type 3, vermilion 3 and ruby-vermilion 3. 

The X chromosome in each of these stocks is derived? unchanged1 from the 
corresponding series 1 stock. The third chromosomes of the series 1 stocks 
have been replaced by Muller-5 third chromosomes, and each stock probably 
possesses a sample of Muller-5 second and fourth chromosomes. I t  should be 

TABLE 4 
Summary o/ analys i s  o/ series 3 .  

~ _ _ _ _ _ _ ~ - _ _ . _ I - -  ___- 
T e s t e d  with 

Antiserum Absorbed by Ruby- Type 3 Vermilion 3 Ruby 3 vermilion 

- - - - - - - - Anti-type 3 Type.3. 
Vermilion 3 - - I - Ruby 3 
Ruby-vermilion 3 - - - - 

+ 
+ 

- + 
+ 

- - - - - Anti-vermilion 3 Type.3. 
Vermilion 3 
Ruby 3 - 
Ruby-vermilion 3 - - - - - 

- - - - - - - - Anti-ruby 3 Type 3 
Vermilion 3 
Ruby 3 
Ruby-vermilion 3 - - - - 

Vermilion 3 - - - - 
Ruby 3 - + + 
Ruby-vermilion 3 - - - L 

- - i - 

+ - + Anti-ruby-vermilion 3 Type 3 - 

noted that series 1 was found to possess Antigen 1 and Antigen 2 both before 
and after the derivation of series 3. 

Aiialq’sis of series 3. As in the case of series 1, the results of the complete 
analysis of series 3 are too lengthy for full presentation here. The most impor- 
tant result is, however, characterized by the details of the analysis of anti-type 3 
serum with respect to vermilion 3. In contrast with the result of comparable 
tests of series 1, it is found that vermilion 3 antigen is capable of completelj 
exhausting, by absorption, the anti-type 3 serum of antibodies capable of reac- 
tion with type 3. In general, the serum reacts no more strongly with type 3 
than with the mutant antigens. From these observations it is concluded that 
type 3 does not possess an antigenic component not also possessed by ver- 
milion 3.  Twelve anti-type 3 sera have been analyzed and all have given the 
same result. 
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The complete analysis of type 3, the qualitative summary of which is con- 
tained in table 4, reveals that anti-type 3 serum reacts similarly with the anti- 
gens of all four stocks in all tests. Similar but less extensive tests of type 3 
antisera with antigens of the series 1 stocks have given similar results. It ap- 
pears, therefore, that type 3 does not possess Antigen 1, and this has been 
confirmed by means of cross-reaction tests, similar to those contained in table 3, 
with type 1 antisera capable of reacting with Antigen 1. 

Table 4 also contains the results of the analysis of vermilion 3 (two spe- 
cific sera), ruby 3 (four antisera), and ruby-vermilion 3 (two specific sera). 
The antigenic pattern exhibited by these stocks is identical with that exhibited 
by the corresponding original and series 1 stocks. While ruby 3 cannot be 
demonstrated to possess a specific fraction, vermilion 3 and ruby-vermilion 3 
share an antigenic component not present in type 3 or ruby 3 .  This latter com- 
ponent exhibits a distribution typical of Antigen 2. The results contained1 in 
table, 5 demonstrate that vermilion 3 and vermilion 1 react in a similar fashion 

TABLE 5 
T e s f  /or Antigen 2. 

Serum: S 3 1 ,  anti-vermilion 1. Absorbed by F-1-1, type 1 .  T e s t e d  with following 
antigens in precipitin ring test. 
___---___ -----___ 

1 : 2  1 : 4  1:s 1 : 1 6  1 : 3 2  1 : 6 4  Antigen Antigen 
( in  g e l .  5%) dilution 

Vermilion 1 < F-3d- 1 ) 
Vermilion 3 

(G-3c-1) 

(F-1-1) 
Type 1 

++++ ++++ +++ ++ + + 
++++ ++++ +++ ++ ++ i- 

- - - - - - 

with anti-vermilion 1 serum, thus indicating that the vermilion 3,  ruby-ver- 
milion 3 specific component is undoubtedly Antigen 2. 

Disappearance of Antigen 1 from type 1. The derivation of series 1 was 
‘completed’ in January, 1949 and the stocks were maintained thereafter by 
means of mass cultures. Type 1 repeatedly gave positive tests for the presence 
of Antigen 1 through all of 1949 and 1950, but difficulty was encountered in 
tests performed during early part of 1951 until finally no indication of the pres- 
ence of Antigen 1 in the stock could be obtained. Repeated tests performed 
since that time have indicated Antigen 1 has permanently disappeared from the 
stock. 

Examination of our records makes it possible to fix the time of this disap- 
pearance in February of 1951. Antigens prepared from the stock since that 
date fiave failed to react with antisera previously demonstrated to contain anti- 
bodies for Antigen 1, and antisera against antigens prepared since that date 
fail to react with preparations known to contain Antigen 1. The records also 
seem to exhibit a gradual decrease of Antigen 1 in the stock leading up to its 
final disappearance. 
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Since, after the loss of the original Isogenic stock, type 1 was the only stock 
available to us containing Antigen 1, it has been impossible to subject this 
disappearance to genetic analysis. The above observations, however, make 
certain suggestions highly likely, and these will be discussed below. 

Absence of Antigen 1 from Oregon R. A series of co-isogenic stocks with 
an Oregon R background has been made available to us through the courtesy 
of DR. JACK SCHULTZ, and has been subjected to preliminary analysis, the 
results of which will be published elsewhere when complete. The analysis has 
gone far enough, however, to indicate that the wild stock in the series (desig- 
nated by SCHULTZ as Oregon R, series I )  does not possess Antigen 1. Since 
the genetic background of Oregon R is different from that in our stocks, this 
observation has pertinence for the present discussion. 

Discussion. The conclusion to be derived from the results of the analysis of 
series 3 seems relatively clear. Since alteration of the residual genotype has 
resulted in the absence of Antigen 1 from type 3 despite the presence of rb+ 
and vu+, at least one additional, autosoinal locus must be involved in the inter- 
action producing Antigen 1. More than one additional locus may be involved, 
of course, and the absence of Antigen 1 from the Oregon R stock would indeed 
seem to lend weight to this latter supposition. 

With this conclusion in mind, the disappearance of Antigen 1 from type 1 
becomes easily explicable. This stock was maintained by mass culture, which 
means that at the time of each transfer (approximately every fourth week) an 
unselectecl Sample of about 50 individuals served as parents of the subsequent 
generations. Such a breeding system is ideally suited for random fluctuations 
in gene frequencies of the sort discussed by WRIGHT (1948). If, then, Anti- 
gen 1 is the product of interaction of a number of loci, isoallelic mutation of 
at least one of these could readily occur and the frequency of the new isoallele 
could gradually rise in the stock due to sampling fluctuations even in the ab- 
sence of selective advantage. Accompanying this rise in gene frequency would 
occur a fall in the amount of Antigen 1 in the stock, culminating in its com- 
plete dlisappearance. Thus, the disappearance of Antigen 1 is not only explica- 
ble if interaction of a number of loci is involved, but actually serves to support 
that conclusion. 

Antigen 2, on the other hand, is still present in vermilion 3 and ruby-ver- 
milion 3 despite the change in residual genotype. In other words, no inter- 
action has been demonstrated for this antigen which seems, therefore, to be 
associated only with mutation at the vermilion locus. I t  is possible, of course, 
that other loci are concerned with Antigen 2 but have not been detected be- 
cause they have not been changed by the substitutions of residual genotype 
made in the derivation of series 3. On the other hand, if this is the case the 
number of such loci is certainly not as large as for Antigen 1. Such considera- 
tions are hypothetical, of course, but they serve the purpose of demonstrating 
that while interaction can be shown in certain cases, the absence of interaction 
is difficult to establish, 

D
ow

nloaded from
 https://academ

ic.oup.com
/genetics/article/38/2/152/6033330 by guest on 25 M

ay 2023



IMMUNOGENETICS OF DROSOPHILA 163 

GENERAL DISCUSSION 

This series of investigations was initiated for the purpose of examining the 
validity of the one gene-one antigen hypothesis in material capable of critical 
genetic manipulation. Evidence supporting that hypothesis has come largely 
from immunogenetic studies of vertebrate erythrocytic antigens (IRWIN and 
COLE 1936; HALDANE 1938; IRWIN 1951), where interaction of genes at dif- 
ferent loci in the determination of antigenic specificity has appeared to be 
absent or extremely rare. As an extension of the hypothesis it has been postu- 
lated that the antigens of red blood cells are the direct or primary products of 
their causative genes. 

The results of the present investigations have from the start been in appar- 
ent contradiction to the one-to-one hypothesis. We  have previously suggested 
that there may exist a fundamental difference in the genetic determination of 
the specificity of erythrocytic antigens as compared with the determination of 
the specificity of proteins (Fox 1949b). On the basis of subsidiary considlera- 
tions, we proposed the possibility that while the one-to-one relationship may 
hold for cellular antigens (which are not proteins), genic interaction might be 
the rule in the production of proteins. Subsequent examination of newer evi- 
dence has, however, led us to the conclusion that no fundamental difference 
exists in the genetic determination of the specificity of cellular antigens and 
proteins. The reasons for this conclusion will be discussed in a separate publi- 
cation. 

I t  should be pointed out, however, that STORMONT, OWEN, and IRWIN 
(1951) have correctly indicated that there are two consequences of the one-to- 
one hypothesis that bear examination. In the first place, the hypothesis requires 
that no single antigenic specificity be the product of more than one gene. 
Conversely, no one gene should be responsible for more than one antigenic 
specificity. The present case is clearly an exception to the first aspect of the 
hypothesis. 

In a previous publication (Fox 194913) we suggested a number of alterna- 
tive hypotheses concerned with the chain of events leadling to the production 
of Antigens 1 and 2 and consistent with the conclusions reached concerning 
their genetic control. The results of the present investigation, demonstrating 
that one or more loci in the residual genotype are concerned with the produc- 
tion of Antigen 1, clearly rule out all but one of the five hypotheses presented 
there and this one is to be found in figure 1. According to the suggestion con- 
tained therein, rb is an amorph; rb+ utilizes a non-antigenic substrate which 
it converts into a non-specific precursor ; v+ converts a non-antigenic substrate 
into a second non-specific precursor ; v utilizes the same substrate as its wild 
allele, but converts it into Antigen 2 ; the two non-specific precursors, when 
produced, are coupled by the action of one or more loci of the residual geno- 
type, during the course of which process specificity is conferred on the result- 
ing protein, i.e. Antigen 1. 
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This diagram is, of course, a formal one and should not be taken as literally 
representing the processes involved in the production of the antigens. A num- 
ber of other diagrams fitting the data equally well might be proposed. In this 
connection, a point of interest concerning the vermilion locus arises. In figure 1, 
v is represented as a neomorph, competing with its wild allele for a common 
substrate but converting it into a different product. It is equally possible, how- 
ever, that v is an amorph, in which case minor modification of the diagram 
would be necessary to render it consistent with the data (the substrate for v+ 
would become Antigen 2 rather than a non-antigenic substance). 

GREEN (personal communication) has kindly given us permission to men- 
tion a further discovery which is pertinent in connection with vermilion. By 
special means he has succeeded in demonstrating crossing over between v1 and 
v36f, occurring with a frequency of the order of 1/25,000 and indicating that 
different vermilion mutants are pseudoalleles rather than alleles and that the 
vermilion " locus " is in reality two closely linked loci. Further, in one trial 
v48a/v1 females yielded no cross-over progeny among 60,000 off spring. This 

NON-ANTIGENIC NON-SPEC1 FIC 
SUBSTRATE f ' PRECURSOR \ rb4 

residud-, ANTIGEN 1 0 
NON-ANTIGENIC i NON-SPECIFIC/ 

SUBSTRATE \-' PRECURSOR 

FIGURE 1.-Hypothesis accounting for observed gene-antigen relationships. 

would suggest that v48a is allelic with v1 rather than with vUBBf, but GREEN 
strongly suggests, among other possibilities, that v48a is actually a double 
mutant, allelic to both v1 and 7 1 ~ ~ ~ .  The suggestion is based on the observation 
that the v " locus " is in all probability a very clear doublet in the salivary 
chromosomes, and on the plausibility of the supposition that X-ray-induced 
mutations (like v48a) could involve both halves of the doublet and therefore 
both loci. In  any event, an investigation of the antigenic effects of different 
vermilion mutants is clearly indicated, and is projected for the near future. 

Returning to our discussion of figure 1, it should be noted that while alterna- 
tive schemes are possible, an important feature is observed to be characteristic 
of all. The various steps proposed in each of the alternative diagrams fall into 
two general categories: a series of preliminary processes leading to the pro- 
duction of non-specific precursors, and a second stage during which final struc- 
ture and specificity is conferred upon the antigen. 

From this point of view the present work assumes broader interest, since 
it suggests that the synthesis of proteins, whose specificity we have been de- 
tecting in our immunological tests, occurs in two gene-controlled stages. It 
would, of course, be inappropriate to discuss this concept in terms of detailed 
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mechanisms in connection with the present case, but it is interesting to note 
that such two-step mechanisms for protein synthesis have been proposed on 
entirely different grounds by a number of other workers. Thus, SPIEGELMAN 
(1948), on the basis of his studies of adaptive enzymes, proposes a pool of 
protein precursors, whose elaboration comprises the first stage of protein 
synthesis, and the conversion of these into active enzyme through, the action 
of plasmagenes. While we believe that our case exhibits only nuclear control, 
the similarity of the two proposals is apparent. Along different lines, HAURO- 
WITZ (1950) suggests that the first stage of protein synthesis consists of the 
construction of the polypeptide chain on a two-dimensional template, and that 
during the second stage the chain is folded on a three-dimensional template in 
such a manner as to result in a surface configuration which is responsible for 
the specificity of the final protein molecule. Again, the details differ but the 
two-stage concept is present. Finally, NORTHROP (1948) proposes the produc- 
tion of proteinogens as a first step and their autocatalytic conversion into final 
protein under the influence of pre-existing protein as a second step. That such 
similar concepts have been developed from several different approaches is 
rather striking and certainly merits further attention. For this purpose we are 
currently examining the validity of the two-stage concept in connection with 
the genetic control of antigenic specificity in a second series of stocks of Dro- 
sophila melanogaster, and in connection with the genetic and environmental 
control of the synthesis and specificity of tyrosinase in strain 15300, Neuro- 
spora crassa. 

SUMMARY 

Immunogenetic studies of a series of Drosophila nzelanogaster stocks con- 
sisting of an isogenic type stock and co-isogenic ruby, vermilion and ruby- 
vermilion stocks have previously been reported. These studies demonstrated 
a specific antigenic fraction (Antigen 1 )  present in the Isogenic stock but not 
in the mutant stocks, indicating that this antigenic specificity is the product of 
interaction between the wild alleles at the ruby and vermilion loci. Two addi- 
tional series of stocks have now been analyzed. Series 1 was derived by cross- 
ing the original ruby-vermilion to the original Isogenic and extracting new 
type, ruby, vermilion and ruby-vermilion stocks. I t  provides a test for the 
possibility that the antigenic differences between the original stocks were due 
to undetected genetic differences other than those at the ruby and vermilion 
loci. The antigenic pattern of Series 1 is identical with that of the original 
series, thus confirming the conclusion that Antigen 1 is the interaction product 
of the wild alleles of ruby and vermilion. Series 2 was derived by outcrossing 
each of the original stocks to an unrelated, non-isogenic wild stock. This series 
allows a test of the antigenic effects of mutation at the ruby and vermilion loci 
on a different genetic background. Antigen 1 is not found in any of the stocks 
of this series, indicating that in the original series one or more loci in addition 
to ruby and vermilion participate in the determinaton of its specificity. The 
relation of these results to the problem of the genetic control of protein synthe- 
sis and specificity is discussed. 
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ADDENDUM 

PARTIAL CHEMICAL ISOLATION AND CHARACTERIZATION O F  ANTIGEN 1 

PAUL FINKELSTEIN AND ALLEN S. FOX 

Before the disappearance of Antigen 1 frcm the type 1 stock a chemical 
isolation was attempted. Since this work was terminated by the loss of Anti- 
gen 1, it seems important to record the progress made. 

The material used in the isolation attempts consisted of homogenates pre- 
pared in a fashion identical with those used in the immunological work (FOX 
1949b). Briefly, mass cultures of type 1 were grown on standard corn-meal 
agar medium unseeded with living yeast, the flies collected, starved, lyophilized 
without prior killing, and homogenized in an all-glass homogenizer with 0.85% 
NaCl buffered at pH 7.4 with 0.005 M phosphate (gram dry weight per 50 ml 
buffer). Prior to fractionation the homogenates were centrifuged, the clear, 
colored supernates extracted with cold ether by shaking gently in a separatory 
funnel and recentrifuged. 
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The ultraviolet and visible absorption spectrum of the final supernate was 
similar in all respects to that reported for wild type by previous investigators 
of Drosophila eye pigments. Most of the visible color was removable by dialysis 
against p H  7 buffer (0.02 M phosphate plus 0.14 M NaCl) but a faint yellow 
color was still observed in concentrated solutions. The absorption spectrum of 
the dialyzed extracts was that of a typical protein (peak at 280 mp and mini- 
mum at 250 mp), and the extracts gave the usual protein tests. In addition, 
however, there was a small peak at 410 mp, probably accounting for the re- 
maining visible color and suggesting the presence of a pigment conjugated to 
protein and previously unreported. 

During all subsequent steps of concentration and fractionation the effect of 
each operation on Antigen 1 was measured by adjusting the protein concentra- 
tion of the fraction being tested to that of the original material and testing its 
antigenic activity by means of precipitin tests with specific antisera to Anti- 
gen 1. Such tests of the dialyzed material indicated that Antigen 1 was not 
dialyzable. Furthermore, dialysis significantly increased the antigenic activity 
per unit solution. This may indicate the removal of an inhibitory low molecular 
weight material. 

Electrophoresis of such dialyzed extracts in pH 7 buffer indicated the pres- 
ence of four or five components. At this pH all of these exhibited a negative 
charge. The fastest moving component was colored (i.e., contained the pigment 
mentioned above), but antigenic tests following separation indicated it to be 
devoid of Antigen 1. 

Attempts to concentrate the proteins of the dialyzed extracts in the presence 
of salts resulted in antigenic inactivation. Tests indicated that NaCl concentra- 
tions of 0.5 M and above destroyed antigenic activity. Concentration was satis- 
factorily accomplished by pervaporation at 5°C after a preliminary dialysis 
against distilled water. 

In a salt-free solution of extract containing Antigen 1 about 70% of the 
protein was insoluble. This precipitate could be redissolved in the p H  7 buffer, 
but antigenic test indicated that the supernate of such precipitation was en- 
riched in Antigen 1. Strikingly, similar treatment of the mutant stocks of 
series 1 yielded no such precipitate. 

Alcohol fractionation at -5°C in pH 7 buffer allowed a concentration of 
Antigen 1 as follows : The extract was brought to 28.5% alcohol (volume/vol- 
ume) and the precipitate was removed. This precipitate exhibited little activity. 
Then the alcohol concentration was raised to 44.4% and the resulting precipi- 
tate again removed. This precipitate proved to be greatly enriched in Antigen 1 
and probably contained most of the antigen present in the original extract since 
the precipitate formed when the alcohol concentration was further raised to 
50% exhibited very little activity. Thus, while Antigen 1 could not be com- 
pletely characterized it was undoubtedly protein, some of the properties of 
which are indicated by these results. 
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