Louisiana State University

LSU Scholarly Repository

LSU Historical Dissertations and Theses Graduate School

1974

Response Specificity With Ethyl-Methanesulfonate (Ems): the
Effect of Gene Position Upon Observed Mutational Spectrums in
Drosophila Melanogaster and Differential Alkylating Sensitivity
During Spermatogenesis in the Honeybee (Apis Mellifera).

Jack Belmont Bishop
Louisiana State University and Agricultural & Mechanical College

Follow this and additional works at: https://repository.lsu.edu/gradschool_disstheses

Recommended Citation

Bishop, Jack Belmont, "Response Specificity With Ethyl-Methanesulfonate (Ems): the Effect of Gene
Position Upon Observed Mutational Spectrums in Drosophila Melanogaster and Differential Alkylating
Sensitivity During Spermatogenesis in the Honeybee (Apis Mellifera)." (1974). LSU Historical Dissertations
and Theses. 2654.

https://repository.Isu.edu/gradschool_disstheses/2654

This Dissertation is brought to you for free and open access by the Graduate School at LSU Scholarly Repository. It
has been accepted for inclusion in LSU Historical Dissertations and Theses by an authorized administrator of LSU
Scholarly Repository. For more information, please contact gradetd@Isu.edu.


















DIFFERENTIAL SENSITIVITY TO EMS ALKYLATION
DURING SPERMATOGENESIS IN THE HONEYBEE

INTRODUCTION

During the course of mutagenic studies with EMS, both in
Dr. W. R. Lee's laboratory at Louisiana State University and in similar
studies carried out by other investigators, the mutagenic effective-
ness of EMS has been found to be dependent upon the germ cell stage
treated. A much higher mutation frequency has been observed in the
progeny from germ cells which were in late spermatid stages of sper-
matogenesis during treatment than in those treated in premeiotic
stages. However, neither the specific period during which developing
sperm cells are sensitive to EMS alkylation nor the factors causing
this specificity of response has been identified.

Since spermatogenesis in Drosophila is continuous, a single
treatment will affect cells at each stage of development. By mating
males successively to a series of virgin females,it is possible to
sample sperm cells that were exposed to the alkylating agent in suc-
cessively earlier stages of development. Retained alkyl groups in
mature sperm cells transferred to the female are identified by their
radionuclide label.

Using this sampling procedure, the radionuclide-labeled alkyl
groups retained from the earliest stage until sperm cell maturation
were measured by Sega et al. (1972). They have shown that the number of
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alkylations retained until sperm cell maturation is correlated with
change in mutation frequency for cells treated in successively earlier
germ cell stages. This procedure developed for Drosophila gives no
information on the amount of initial alkylation and subsequent removal
of the alkyl group in immature germ cell stages. In addition, it is
questionable whether this procedure can be used to precisely distinguish
between alkylation of the late spermatid and mature sperm stages of
spermétogenesis. Delimiting more accurately the periods during which
germ cells are most sensitive to alkylation would be a major step toward
correlating this sensitivity with probable specific metabolic varia-

bility.

A study of differential sensitivity to alkylation during
spermatogenesis in the honeybee was initiated to determine, as accu-
rately as possible, the stage or stages of sperm cell development when
the DNA is most sensitive to EMS alkylation. The honeybee, Agig
mellifera, was chosen as the experimental organism for this study be-
cause, unlike Drosophila, spermatogenesis in the male honeybee is
determinate. During pupal development the germ cells in a drone's
testes all go through the successive stages of spermatogenesis in an
almost synchronous fashion (Hachinohe and Onishi, 1952). At least
10 million cells, uniformly in either premeiotic, meiotic, immediately
postmeiotic, early spermatid, late spermatid, maturing spermatozoan,
or mature sperm stages can be obtained from a single drone honeybee.
Because of th%s quasi-synchronous cell division during spermatogenesis,
it is possible to make a direct determination of relative EMS alkyla-
tions per unit of DNA during specific stages of sperm cell development.

It will be shown that DNA from those honeybee germ cells which have
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just completed meiosis but have not yet begun sperm tail development

is most sensitive to initial EMS alkylation. A decrease in initial
alkylation levels, through time after injection, occurs during spermeio-
genesis but does not occur during immediately premeiotic spermatogenic
development. Some possible causative factors for these differences

are discussed.

Spermatogenesis in the honeybee

The male honeybee, or droﬁe, requires an average of 24 days
from the time the egg is laid to develop into an adult. During this
24 day period, the drone completes three stages of development, a
3 day egg stage, a 6-1/2 day larval stage, and a 14-1/2 day pupal
stage (Hachinohe and Onishi, 1952; Snodgrass, 1956). On the 24th day
the adult drone emerges from its cell. The germ cells in the testes
of the drone complete spermatogenic development from spermatocyte
formation through spermeiogenesis during the 14-1/2 day pupal stage.

I have performed extensive cytological examinations of pupal honeybee
testicular tissues which were undergoing spermatogenic development.
Testicular tissues from both "EMS-treated" and "non-treated" drones
were studied. The following description of spermatogenesis in the
honeybee is based on this study and similar corroborative studies by
other investigators.

On the 7th or 8th day of the pupal stage, approximately 17 days
from egg laying, the primary spermatocytes begin meiosis. Most of the
spermatocytes complete meiosis within a 10 hour period (Hachinohe and

Onishi, 1952),and by the 9th day of the pupal stage all gonial cells
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are postmeiotic. Spermeiogenesis proceeds from the 9th to the 14th
day of pupal development. The spermatids have a spherical appearance
on the 9th day of the pupal stage but begin to elongate on about the
10th day. Short, indistinct tail filaments and a 1ightly stained
rectangular head region is characteristic of 11-12 day sbermatids.
Tail filaments become distinctly visible by the 13th day,and the narrow
elongated head region of the now immature spermatozoan is somewhat
heteropycnotic. By the time the adult drone emerges from its cell,
spermeiogenesis is complete,and some of the sperm cells have passed
through the seminal tubules to the seminal vesicles (Rockstein, 1964;
Bishop,v1920).

The premeiotic, meiotic and postmeiotic periods of germinal
cell development coincide with distinct changes in the external
morphology of the developing drone pupae (Jay, 1962). The eyes of a
pupa having premeiotic germ cells are white with some transparency.

At the beginning of meiosis this transparency is lost,and the eyes
become deeply turbid with white color. Postmeiotic pupae have white
eyes with shadows of 1ight pink, gradually changing to pale purple, .
eventually to dark purple and then brown (Hachinohe and Onishi, 1952).

MATERIALS AND METHODS

Unfertilized eggs of the honeybee develop parthenogenetically
into haploid males known as drones (Mackensen, 1951; Woyke, 1963). A1l
drones used in the present investigation were haploid male progeny from
a non-mutant, YDGkPa, hybrid queen and were, therefore, of maternal

YDGkPa genotype (Harbo, Bishop, Reynolds and Harp, 1973). Using drones
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from a hybrid queen rather than drones from an inbred queen results in
greater genetic variability between test individuals. However, because
of the difficulties involved in producing drones from inbred queens
during the fall and winter months of the year, it was necessary to use
a hybrid queen. The colony from which these drones were obtained wés
fed pollen supplement (Taber, 1973) and maintained in a controlled

temperature room to stimulate efficient brood production.

1. Drone collection:

Beginning 24 days prior to the day of drone pupae injection,
the queen was confined to a 5x12 cm area (approximaté]y 200 drone cells)
on a drone comb. Deposition of eggs into these drone ce]is was per-
mitted for a 12-15 hour period, after which time the queen was removed
from the cage and excluded from the drone comb. Tweive hours later
the queen was again confined to another area on the drone comb. This
procedure was continued for 11 consecutive days to assure that drones
in the desired stages of development and of known age would be avail-
able for injection.

The developing drone brood, from the egg through the larval
stages, was kept within an area of the colony from which the queen
was excluded. The day before injection, drone pupae were transferred
to an injection board and placed in a 34°C incubator. Some YDGkPa
drones emerged within the confined area of the colony. These drones
were transferred to small cages and placed in a "swarm-box" (Grout,
1966). for ten days prior to injection to assure that all sperm had

migrated to the seminal vesicles.
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2. Labeled radiochemicals:

Both tritium labeled EMS and carbon-14 labeled EMS were used.
[2-3H]EMS with a specific activity of 326 mc/mM was custom-synthesized
by New England Nuclear with the 3H specifically labeled at C-2 of the
ethyl group. The actual specific activity of the [2-3HJEMS on the day
of injection was determined to be 269 mc/mM by using a decay corvection
factor of 0.826. The radiochemical and chemical purity of the EMS has
been verified by Dr. C. S. Aaron using the procedure of Aaron et al.
(1973). -

[1-]4C]EMS was obtained from Schwartz Bioresearch, Inc., with a
specific activity of 4.8 mc/mM. The [1-]4C]EMS specifié activity had
previously been determined by Sega (1971),using the procedure of Gee et
al. (1973),where the amount of EMS present was determined by colori-
metrically measuring its alkylating ability and radioactivity deter-
mined using liquid scintillation spectrometry.

5 ml of anhydrous ether was used to wash the labeled EMS from
the shipping vial and into 1 ml of Hank's Balanced Salt. The éther
was subsequently removed by evaporation. The resultant EMS solution
was adjusted to neutral pH with 0.1 M NaOH and dilution counts were
made to determine molarity. Dilution counts taken on the final
3H-EMS solution indicated approximately 5.4 mc/ml radioactivity or a
0.020 M solution. The molarity of the ]4C-EMS solution used was

0.023 M as indicated by 0.11 mc/ml radioactivity.



17

3. Injection of labeled EMS:

Pupal and adult drones were injected dorso-laterally between |
the fourth and fifth abdominal tergites with 3 microliters of a Hank's
Balanced Salt solution containing radioactively labeled ethyl methane-
sulfonate. The injection needle used consisted of a capillary tube
which had been drawn to a fine point on a pipette puller and calibrated
to 3£0.1 microliters. After injection, drone pupae were returned to

the 34°C incubator and adult drones to the "swarmbox."

4, Sample collection:

Testicular samples were collected at timed intervals indicated
in Tables I and II, column one. The abdomen of éaéh drone pupa was
separated from the thorax using a pair of #4 Dumont forceps and the
testis extruded from the anterior end of the abdominal cavity by press-
ing on the dorsal surface of the abdomen. A small sample of this
tissue was placed on a clean slide, fixed with 50% acetic acid, stained
with 1% Orcein and squashed under a siliconized cover-slip. This slide
was used to verify the developmental STAGE of the germ cells sambled.
The remaining testicular tissue was transferred to a piece of poly-
ethylene and immediately frozen on dry ice. All samples collected in
~ the H-EMS experiment consisted of pooled testes from each of three

]4C-EMS experiment consisted

drones; those samples collected in the
of the testes from a single drone.
Mature sperm samples were obtained in the 3H-EMS experiment by
ejaculating adult drones at the timed intervals indicated in Table I
and collecting the semen in the glass tip of an insemination syringe

(Harbo, 1973) mounted on the base of a Mackensen-Roberts insemination
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apparatus (Mackensen and Tucker, 1970). The semen was then expelled
from the tip into a drop of 0.0IM Tris buffer on a piece of poly-
ethylene and frozen on dry 1¢e. As with the testis samples in this
experiment, the semen samples consisted of pooled semen from three

drones.

5. Isolation of DNA:

(a) Solutions used

Mercaptoethanol--5 ml of 2-mercaptoethanol added to 95 ml of
0.1 M Tris-HC1 buffer, pH 7.5; kept cold and in the dark.

Sodium perchlorate--1.22 g NaC]O4 added to 7 ml distilled
water containing 50 mg of sodium lauryl sulfate; made fresh
daily on a per sample basis.

Chloroform-octanol--a 10:1 solution.

RNase--10 mg Worthington RNase dissolved in 10 m1 of 0.1 X
Standard Saline Citrate adjusted to pH 5 with 0.1 N HC1;
heated for 10 min in boiling water bath to destroy DNase
activity.

Pronase--3 mg pronase per ml of water; pre-incubated for 1
hour.

Phenol--equal volumes of 0.013 M Tris-HC1 buffer, pH 7.5 and
phenol saturated with 0.013 M Tris-HC1 buffer, pH 7.5.

(b) Procedure

(1) The frozen sample was removed from the polyethylene and

immediately transferred to a ground glass homogenizer.

(2) 2 m1 of mercaptoethanol solution was added to the
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homogenizer and the sample was ground by hand until
homogenization was complete.

(3) The homogenizer pestie was rinsed with an additional 1 ml
of mercaptoethanol solution and 30 mg of sodium lauryl
sulfate was added.

(4) After covering the homogenizer with polyethylene, the
sample was shaken for 1 hour at 37°C in a Gilson Shaker
Water Bath.

(5) The homogenate was then transferred to a centrifuge tube
having a cap. The homogenizer was rinsed with 7 ml of
NaC10, solution and this rinse was also transferred to the
centrifuge tube. After capping tightly, the centrifuge
tube and contents were shaken well.

(6) 10 m1 of chloroform-octanol was added to the centrifuge
tube. The tube was again capped tightly and shaken |
vigorously for 5 min.

(7) The sample was centrifuged at 8000 g in a cooled RC2
centrifuge for 10 min and the upper aqueous layer removed
and placed in a clean 30 m1 centrifuge tube.

(8) 19 m1 of cold ethanol was added to the approximately 9.5 ml
of aqueous supernate,and the sample was centrifuged at
8000 g for 30 min to pellet the precipitate.

(9) The supernate was decanted from the tube and the tube was
drained well.

(10) 1 m1 of 0.1 X Standard Saline Citrate was added to,the

centrifuge tube and the tube rotated to dissolve precipitate
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on the side of the tube.

(11) 2.5 mg of trypsin and 100 microliters of RNase solution
were added. The tube was covered’with polyethylene and
again incubated for 1 hour at 37°C.

(12) 0.6 m1 of pronase was added and the sample incubated at
37°C for at least 3 more hours.

(13) 1.6 m1 of phenol was added to the tube and the sample
shaken gently by hand for 15 min before centrifuging at
8000 g for 10 min,

(14) The upper aqueous phase was pipetted into a clean 30 ml
centrifuge tube and the phenol extraction repeated.

(15) After the second phenol extraction, the upper aqueous phase
of approximately 1.7 ml volume was transferred to a clean
centrifuge tube and the solution was washed 6 times with
5 ml volumes of anhydrous ethyl ether.

(16) The residual ether was blown off with compressed air before
adding 3.4 ml of cold ethanol to the aqueous sample.

(17) The resultant DNA precipitate was pelleted by centrifuga-
tion at 8000 g for 30 min,

(18) After decanting the supernate, the pellet was redissolved

in 1 ml of 0.1XStandard Saline Citrate and frozen at 0°C.

6. Determining radioactivity per microgram of DNA:
Spectrophotometric measurements were taken on the 0.1 X Standard

Saline Citrate-DNA splution. 260/280 ratios for these samples were

similar to those observed with commercially prepared DNA indicating

that most of the protein was being removed using this extraction
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procedure. An additional check on the efficiency of this procedure was
made by Ms. H. Nardin and Dr., C. S. Aaron using whole Drosophila

doubly labeled with 3H thymidine and 14C argininé. After extraction no

]46 remained in the final solution, indicating that most of

significant
the protein was being removed using this extraction procedure.

The concentration of DNA in the so]ution'was determined by
assuming an absorbency of 1.00 equal to 50 ug of DNA per ml of solution
in the spectrophotometric cell. Concentration values calculated by
this procedure were found to be equivalent to those obtained using the
method of Hirschman and Felsenfeld (1966).

A measured volume of the DNA solution was transferred to a
scintillation vial. Maximum volumes for the final DNA solutions were
1.020.2ml. To standardize scintillation cocktail counting effi-
ciency, all measured volumes of DNA solutions counted were between
0.8 and 1.0 m1. The effect of this variation on the counting eff -
ciency was determined to result in no more than 0.4% or 0.1% error in
counting efficiency for the 3H and ]4C samples, respectively. 10 ml
of Instagel* was then added to the scintillation vial, the mixture
shaken and placed in a liquid scintillation counter. After a 24 hour
cool-down and stabilization period, 100 minute counts were accumulated
and a record stored on paper tape. Counting efficiencies wére deter;
mined by internal standardization or by using a predetermined effi-
ciency curve based on internal standardization of a series of similarly

prepared scintillation cocktails.

*Instagel, a product of Packard Instrument Co., LaGrange, I11.,
is an emulsifying solution which provides both the solvent and fluor
of the scintillation cocktail.
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RESULTS

The total number of radioactive counts accumulated on each DNA
sample were converted to counts per minute. Background counts of 7.3

3H and 14

and 7.8 counts per minute for the C data, respectively, were
subtracted from the sample counts per minute and the data recorded in
column two of Tables I and II. The total micrograms of DNA counted in
each sample were recorded in column three. Alkylations per nucleotide
(column four, Tables I and II) were determined from the counts per
minute per microgram of DNA as described in Appendix I. Mean alkyla-
tions per nucleotide #1 standard deviation* were calculated for each
SET of samples obtained from drones injected ét the same STAGE of
spermatogenesis and dissected at the same number of hours after injec-
tion (column five, Tables I and II). |

To determine in which STAGE(S), if any, the germ cell DNA was
most susceptible to initial EMS alkylation, each of the 2, 6 and 10
hour SETS of data was tested for possible differences between STAGES
in mean alkylations per nucleotide. Statistically significant differ-
ences between STAGES occur in the two hour SETS of data from the 3H
experiment (Figure 3). Both postmeiotic STAGES (19 and 22 day} exhibit
significantly higher mean alkylations per nucleotide (P <0.05) than the
premeiotic STAGE (15 day). The immediately postmeiotic STAGE (19 day)

is also significantly higher (P<0.05) than the meiotic STAGE (17 day).

" sd - / X2 - [(BX)/N]
n-1
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No statistically significant differences between premeiotic,
immediately postmeiotic and late postmeiotic STAGES were detected in
the 6 and 10 hour SETS of the 3H experiment; however, the immediately
postmeiotic STAGE in these SETS tends to be higher than the premeiotic

and later postmeiotic STAGES. Trends in the 14

C experiment data also
indicate a higher level of initial alkylation per nucleotide in the
immediately postmeiotic STAGE than in the later postmeiotic STAGES.
The extreme sample variation within SETS in this experiment, however,
precludes identification of possible STAGE differences.

The mean alkylations per nucleotide for the mature sperm

3y-ems

samples collected 2 hours after injection of adult drones with
was at least two orders of magnitude lower than that for the other
STAGES sampled at 2 hours. In fact, the number of alkylations per
nucleotide detected in this mature sperm STAGE is at least two orders
of magnitude lower than the other STAGES throughout the 72 hour sampling
period. These results indicate that little or no ethylation of sperm
cell DNA occurs by treatment of the mature sperm STAGE.

A linear regression analysis was performed on the data of each
injection STAGE to test for general downward trends through time after
injection. Values for alkylations per nucleotide of each sample repre-
sented the Y axis and time after injection at which the sample was
taken (SET number) the X axis. To test the hypothesis that values for
slope (b) of the regression line calculated for each STAGE were statis-
tically equal to zero, a t-test was used in which

b -8,

2 2
/ sy.x/Zx

t =
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where Ix% = IX% - (ZX)%/n
Iy? = 1Y% - (ZY)%/n
Ixy = XY - ZXZY/n
2 . _Zy? - (=xy)?/sx?
and Sy.x —

No significant linear regression could be detected in those
injection STAGES which were sampled through only 24 hours after injec-
tion. Slopes for the regres#ion lines of the immediately postmeiotic
and late postmeiotic STAGES sampled beyond 24 hours were negative and
significantly greater in slope than zero regression line. The slope of

3H experiment 15 day and mature sperm

fhe regression lines in the
STAGES, which were also sampled beyond 24 hours after injection, were
not significantly different than zero regression line slope.

Regression lines calculated with the theoretical equations
determined by linear regression analysis have been plotted for the
15 day, 19 day, 22 day and the mature sperm STAGES (Figures 4, 5, 6
and 7, respectively). Mean alkylations per nucleotide +2 sd for each
SET of data used to calculate the equations for these regression lines
were also plotted. My discussion of STAGE differences in initial
alkylation levels and in loss of alkylations per nucleotide through
time after injection is based, primarily, upon the statistically sig-
nificant differences depicted by Figures 5 and 6.

A comparison of "initial" 2 hour and "final" 72 hour levels of

alkylation for those stages sampled beyond 24 hours after injection

was made using a t-test
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t = X-Y
(Nx - l)sdxz + (Ny - 1)sdy2][ 1, J
Nx + Ny -2 Nx Ny
where Y=ZV&
Y = ZY/Ny

The results of this test indicate a significant decrease
(P<0.05) in the initial alkylation per nucleotide level after 72 hours
only for the 19 and 22 day (postmeiotic) STAGES of the 3H experiment.
These are the same STAGES in which liﬁear regression analysis shows a
general downward trend in alkylations per nucleotide from 2 through 72
hours after injection.

In addition to the above statistical analyses, a stepwise re-
gression analysis was also performed in which linear, quadratic and
cubic effects were evaluated to determine the best equation for pre-
dicting the alkylation per nucleotide level based on time after injec-
tion. The best regression equation for each STAGE, as indicated by
this analysis, is shown in Table III along with the R2 value indicating
degree of fitness.

Due to the extreme variability in the 14

C experiment and the
lack of a sufficient number of data points in the 3H experiment, it is
unlikely that the equations derived from my data adequately describe
the actual shape of the curves for any of the STAGES sampled. The 15,
19 and 22 day STAGES of the 3H experiment were the only STAGES having -
sufficiently complete data to yield Rz values of 0.88 or greater.

Equations derived for the 15 and 19 day STAGES were quadratic and the
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equation derived for the 22 day STAGE was cubic. This indicates that
the genéral downward trend in alkylations per nucleotide through time

for these STAGES actually occurs with non-linearity.

DISCUSSION

Sample variability

Variations in sample counts per minute per microgram of DNA
within most of the SETS listed in Tables I and II preclude identifying
significant differences in the levels of alkylation, either between
injection STAGES of specific SETS or between SETS of a specific injec-
tion STAGE. No consistent trend in the variation of sample groups

representing a particular STAGE or time after injection was found. A

14

comparison of the variance among the " 'C experiment samples with the

variance among the 3H experiment samples of comparable STAGE shows,

14

however, that the variance for the ' 'C experiment is significantly

3

greater than the variance for the “H experiment (F** = 7,12; P<0.05).

Part of this difference in variance was due to the relatively

14

low specific activity of the "'C EMS and consequent low counts ob-

14 +

served. 36 samples in the 'C experiment had a standard deviation

**An analysis of variance for data with a single criterion of
classification and unequal replications was used to test the equality
of variances (Steel and Torrie, 1960, p 83 and pp112 ff).

+Standard deviation of the net sample counting rate =
V/ rg/tg + rb/tb
where rgq = gross counting rate, tg = gross counting time,

rp = background counting rate, and”tp = background counting time (Wang
and Willis, 1965). '
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which was equal to or greater than 10% of the counting rate. The

14

elimination of those samples from the "'C experiment data reduces the

variance among the remainiﬁg population to a level that is not sig-

nificantly different from the variance of the 3

14

H experiment at the 1%
level, although the variance of the

the 5% level (F = 2.19).

C experiment remains greater at

A greater variability between the single drone samples within
SETS of the ]4C experiment than between the three drone pooled samples
within SETS of the 3H experiment would be expected if part of the dif-
ferences observed are also due to biological variation. Such probable
biological variation may have been accentuated by genetic variability

within'my test population of drones from a hybrid queen.

- Initial alkylation

The trend in the data from thev3H experiment during the first
10 hours after injection is one of higher EMS alkylations per nucleo-
tide in the immediately postmeiotic STAGES of spermatogenesis. This
trend, reinforced by the detection of a significantly higher mean
alkylation level for the 19 day STAGE at two hours after injection in
this experiment (Figure 3), suggests that the immediately postmeiotic
STAGE is the most sensitive for alkylation of the DNA by EMS.

STAGE dependent levels of initial DNA alkylation by EMS may
result from several factors including STAGE differences involving the
whole organism, the gonial cell tissue, or the DNA per se. EMS is
actively metabolized in the mouse at substantially higher rates than

can be accounted for by its presence in an aqueous environment
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(Cumming and Walton, 1970). Competition between alkylation by EMS and
the metabolism of EMS may possibly 1imit the amount of alkylation
within the organism. There are also indications that the mechanism or
mechanisms responsible for active metabolism of EMS can be enhanced
(Cumming and Walton, 1970). If STAGE specific enhancement of EMS
metabolism occurs, it could contribute to response specificity. For
example, the rate at which EMS is metabolized in the 15 day old honey-
bee pupae may be greater than within the 19 day old pupae.

EMS is capable of alkylating DNA in all body tissues, as well
as nucleophilic sites other than those of the DNA molecule. STAGE spe-
éific differences in competing nucleophiles could alter the efficiency
of EMS alkylation in gonial tissue DNA. This variation might involve
the whole organism where available nucleophiles in the different
organs and tissues effectively "attract" EMS away from gonial tissues.
Cumming and Walton (1970) have investigated the metabolic fate of EMS
in the mouse,and the results show extensive anatomical distribution of
EMS alkylation in that organism. However, the results of their study
also show that relatively substantial quantities of EMS are distributed
to the testis rapidiy and in an active form. They suggest that reac-
tivity under conditions prevalent in the target tissues is a more im~
portant factor in determining genetic damage than are barriers to dis-
tribution within the body. Even in the absence of competition between -
gonial and other tissues, it is possible that age or STAGE differences
in the total number of non-DNA nucleophilic sites within the gonial
tissue may be a factor causing STAGE response specificity with EMS, at

least at low doses.
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The number of alkylations per nucleotide on the DNA from mature
honeybee sperm cells in samples taken 2 hours after injection of adult
drones (mature sperm STAGE) was two orders of magnitude less than thét
observed on samples of DNA from germinal cells in the premeiotic, imme-
diately postmeiotic or spermatid STAGES of spermatogenesis. It seems
probable from these results that EMS cannot penetrate to DNA in the
sperm head. STAGE differences in either the membrane boundaries of
gonial cells or the tertiary structure of gonial cell DNA could have
contributed to such STAGE response specificity by blocking or directing
effective, initial EMS-DNA interaction.

The presence of STAGE specific nucleoproteins could be another
factor influencing cell stage response specificity with EMS. A transi-
tion from typical somatic or lysine rich histones to highly arginine
rich histones is known to occur during Drosophila spermatogenesis (Das,
Kaufmann and Gay, 1964). This change in the basic nuclear protein is
often followed by further alterations to protamines in sperm heads of
mature sperm in Drosophila (Das, Kaufmann and Gay, 1964) and a variety
of other species (A11frey, Mirsky and Osawa, 1955; Kihlman, 1966).

DNA which has been "neutralized" by histones is readily attacked
by alkylating agents (Hollaender, 1971).. It is conceivable that cell
stage response specificity results from changes in nucleoproteins dur-
ing spermatogenesis. Such changes may alter the tertiary structure of
DNA or otherwise provide protection to the DNA b} blocking nucleophilic
attack. A cytochemical analysis of nuclear histones in the honeybee
(Verma, 1972) has indicated that honeybee sperm cells contain histones

similar to those of the somatic cells and do not show any transitions
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to protamines. Since my data indicate that DNA from honeybee sperm
cells is protected from EMS alkylation and in lieu of a typical histone
to protamine conversion in honeybees, other changes in the nucleo-
proteins may be responsible for providing DNA with protection from EMS

alkylation.

Relative differences through time after injection

As previously mentioned, a regression slope significantly dif-
ferent than zero could be detected only in those injection STAGES which
were sampled through a time period greater than 24 hours after injection.
Regression 1ine slopes calculated for immediately postmeiotic and later
spermatid STAGES of the 3H experiment were negative and significantly
greater than zero regression. The premeiotic STAGE sampled through a
similar time period showed no significant regression slope.

These results indicate that alkylated groups on the DNA mole-
cule are being lost through time after initial alkylation during the
spermeiogenic period (18-24 days). These losses may have resulted
from enzymatic removal of alkylated bases by an excision-repair mecha-
nism, destruction of the cell or at least the DNA of the cell due to
alkylation effects, or some combination of the two. No such loss is
evident from the periods immediately before and through meiosis.

The decrease in alkylations per nucleotide through 72 hours
after injection as observed in the more highly alkylated postmeiotic
STAGES, but not in the less highly alkylated premeiotic STAGES, may
indicate a positive relationship between initial alkylation levels

and loss of alkylated groups through time. Such a relationship would




