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Summary

It has recently been reported that, in Drosophila melanogaster, when sperm
treated with diethyl sulfate was stored in the females, II—III translocations
were detected as from the 6th day after the treatment, though none was recov-
ered without storage. Chromosome breaks being currently considered the main
cause of dominant lethality and the embryonic period lasting about one day at
25°C, it was thought of interest to study the ability of DES to induce this type
of damage with and without storage. It was found that the treatment increased
embryonic lethality (measured as frequency of unhatched eggs) and post-
embryonic lethality (measured as frequency of larval and pupal death) over the
control values. The frequency of embryonic lethals after storage in the females
for 6 days was similar to that shown by the unstored samples. In contrast with
this, the yield of post-embryonic lethality was markedly raised by that storage
time. It is suggested that: (1) lesions are induced as “pre-breaks”, and storage
and cell divisions are instrumental in their opening; (2) potential breaks can
undergo DNA replication and cell division as such and become open in differ-
ent cell cycles, impairing embryonic and post-embryonic development; (3)
chromosome breaks induced by DES seem to behave in a way similar to those
induced by other mono- and poly-functional alkylating agents; and (4) when
the potential ability of chemical compounds to induce chromosome breaks is
assessed, post-embryonic lethality can be used as a simple one-generation pre-
liminary test, to establish delayed effects.

Introduction

It has recently been reported that in Drosophila melanogaster, when sperm
treated with diethyl sulfate (DES) is stored in untreated females, II—III trans-
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locationg are recovered with a frequency that increases with storage time [ 13].
With ihe higher concentration used (0.75%), trans!ccations were detected as
from the &tk day after treatment. In line with previous findings [14], no trais-
Jocaiion was observed without storage, and it was then suggested that DES
mmduces potential breaks that in time open.

Since chromosome breaks are considered to be the miain cause of demirant
Jethality and al 25" the embryonic period lasts about a day, it was considered
of interest to assess the ability of DES to induce this type of damage with and
without storage.

This paper reporis results on embryonic lethality (ineasured as frequency cf
unhatched cggs) and post-embryonic lethality (measured as irequency of larva:
and pupal oeat}\) after ireatment of Droscphila sperm with DES.

Materinle and methods

Diethyl sulfate {DES) (C,H;),S0,, mol. wi. 154,19 (British Drug Housr
Ltd.} dissuivea in ethancl, was made up into 0.5 and 0.75% scluticns in ™. -
glucose. It was :Admim.,tered to 7-day-old wild-type Samarkand males by mean:
of saturated filter paper attached to the walls of 180-ml betties 1155 malag;
bottle). Immediately after treatment the males were mated to Jregen K vive
females, 4 t¢ 6 days old.

The O 5% snh tion was used to study embryonic lethality @anstored) vith
flies exposed to the chemical for 2.5 h (Series ) and 3 h {Series {1). The 0.7 ©
selution was used for embryonic and post-embryvonic lethal teste (with =
without storage}. Tke duration of treatments was: Series 1. 2.5 h: Series 1),
2.5k (1-h interval in regular food), 1 h (total ¥ime of treatment 3.5 h® For al
the controls the males were.fed on an ethanol—5% glucose so’ntion for

To study the effect, of stora;% on the treated sperm, the inccmina‘ed T
were kept at 17°C for 6 daye, with regular food (the deponsition of axg
siightly reduced by this storage technique). Afcer this period, the femalas v .- -
again piaced in ovipositior. chambers and the eggs laid were avored. AV ¢xpe -
ments were carried cut at 25°C unless ctherwise indicated.

The frequencies of embrycnic and post-embryonic death were corro e Lo »
control values by using the formula:

B= Pt —Pe

1- Pe
(Pt, proportion in the treated sample; e, proportion ir the control), adaptes]
from: Anbot’s correctinon [1,21]. To estimate the significance of the differences,
a test based oz a Z parameter was used

Ri-—8%

Z = - f - . T T
vvar. R{+var. K2
where t':¢ varianice of R was calculated from the followliiy expression [17]-
: 1 v 1-Pt)’
ver, It ] 1. P ¢ ol var. Pe

Tl ) T pey



Embryonic lethality

For these exverimenis the males were individually raated with “iie fomales
in empty vials, and after one observed mating (this ercure: ihe exclusive
samplirg of sperm that at the time of ireatment was mature and mwotile), the
riales were discarded and the females transferred to ovinosition chamhers for
24 h. A mediuvm of agar, sugar, yeast, molasses and acetic a<ic rvas used that
eucouraged ovipesition and was dark enough to allow the eggs to be easily
distinguished.

The eggs were counted after a 24-h oviposition period. The unheofcned eggs
were scored 24 11 later and again after an additional 24-h neried to ensure the
detection of late hatching. All vials with 1909% unhafched r~ggs weve disearded.

Post-einbry cnie lethality

These experirients were carvied ovd to determine the number of in-dividuals
that zo ihrough embryogenesis success‘ully but do not reach ine aguil stage
‘tarval and pupal deathj. The ovipasition chambers in which hatched and
‘ahatched eggs had been scored, both from stored and unstored sperm, were
seurated antil emergencs of the adults, that were counted daily until exhaus-
t'on. Vo urevent distoriion of the data [29], care was taken " avoid over-
crowding.

Rosuits

e Embiryoric fethality

The results of the em‘nrymic lethal tests after treatmoni i mature spermn
with 3ES are shown in Table 1. It is evident that this comipound was highly
srficient in merrasing embrynnu death when troated males were mmated with
untresied femsies, 'Thiils increase, measured as freguency of unhamiched =ggs,
res fass-Sependant,

n Series 1 {2 5b of treatment) the frequency of embryonic dontn with
2,18% DES wes 2.2 times as high as it was with ~ 0.8% solotion. In geries I,

T BLE 1
TUBERYVONIC LETH ALY INBTU/CED BY TREATING MATURE SPERM WITH 1Es

(n hatched CrES
- X 1002

Total eggs

DES 0.75%

Control 5.32 5.25
{L36/1991) (163/1962)

Ceries I 4.52 54.79
v303/2428; (8362/1508)

Series 11 31.23 73.51
(630/1801 (498/660)

Si-tistieal significance: in all cases « < 8 X 105

7% in the treated sevies corrected as indicated in Materials and e

L B%: Serias I, 2.3 1. Series TI, 3 h, DES 0.75%: Series I, 2.5 : Series II 2.5

tay.r 5 h,

a1on of
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[
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with DES 0.75% (3.5 h of treatment) the frequency was 2.3 times as high as it
was with DES 0.6% (3 h of treatment). With DES 0.5% the frequancy of
embrvonic death in Series II was 1.3 times as high as in Series I; with a con-
cerar-tion of 9.75% the difference was also 1.3 times greater.

To study further the action of DES 0.75% the treated sperra was storec for
6 days in untreated femaies. The first part of Table 2 shows that the frequeacy
of embryonic death remained unchanged after this storage period. The {re-
quency of embryonic lethals in Series IT was 1.4 times as high as in Series 1.

(b} Post-embryonic lethality

The study of post-embryonic death (lethals that act in the larvai or pupal
stages) was carried out both with and without storage of the treated sperm u:
the females. Post-embryonic lethals, as can be seen in the second part cf
Table 2, also increased significantly over the controls in both series after treat-
ment with a (.756% solution. But, in contrast with the results shown by
eirsryouic lethals, the yield of post-embryonic lethality in the unstored san:-
ple was not affected by the length of exposura to the chemical. Analysis of tho
daia obtained after storing the treated sperm for 6 days led to the following
conclusicns. (1) The frequencies in the treated series were significantly higher
than in the conirol; (2) the frequency cf lethals in Series II (3.5 h ireatment)
was significantly higher than that in Series I (2.5 b treatment); and (3) all the
frequencies obtained were significantly higher than those shown by ‘he
unstored samples.

TABL: 2

TEFECT OF STOPAGE ON THE FREQUENCIES OF EMBRYONIC AND POST- -MBRYO.NIC
LETHALITY iNDUCED BY TREATING MATURE SPFERM WITH 0.75% DES

Fmbryonic lethality Post-embryonic lethality

Unhatched eg~s . Unhatched egzs — adults
.2l x1o0¢a . e X 1C0 2
Total ergs Hatched eggs
Control Series 1 Series II Control Series I Series J1
(<€) (S1) (STD) ©) (SIh (SID)
Norn- 5.25 54.79 73.51 2.42 11.96 11.85
stored (103/1962) (862/1508) (498/660) (45/1859) (91/646) (26/186)
(A)
Sioved 4.55 52,07 74.49 5.38 20.84 30.94
for 6 1avs (B) (39/657) (595/1089) (379/501) (44/818) (121/494) (72/210:
Statistical
significance
(only values of
a < 0.5 shown)
(&) vs. (B) — - - <0.001 <0.001 <6X10 5
(40 (ST vs. (S1D) <6 X107 —
o2 S Vs, (SID <6 X107 <0.03

rx aki casee: () vs, {30 and SI) o <6 X 10-7
Duration of treatments: Series I: 2.5 h; Series II: 2,5 h + 1 h (1-h interval): Control. 3 h,
2 95 in the wreatcd series corrected as indicated in Materials and inethods.
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Despite tre differenices shown by the controls, which are prasently under
study, the differences found between stored and rion-stored sperm n the
tr-ated series are real, since all results have been corrected for ennirol velues as
imdicated in Materials and Meihods.

Discussion

From the data presented lere, it is evident that DES, in addition to being a
poewerful mutagenic agent in Drosophila [18,19,15,3,16,14], is highly efficient
in iacreasing embryonic death when treated males are mated o untreated
females. Since chromosome breaks are currently considered to be the main
cause of dominant lethality, the obvious explanation for the high frequency of
embryonic lethality observed would be that chromosome breaks were induced.
However, this would raise a seeming discrepancy with the iack of II—III trans-
.ocations in unstored DES-treated Drosophila sperrn [14,13].

Therefore, a critical evaluation of other causes that might account for the
r:bserved increase is called for before the high frequency of embryonic death
reported here is imputed to chromosome breakage. it is conceivable that, after
teatment of sperm with a mutagen, damage leading to dominan’ lethalily
other than chromosome breaks conld also be induced: (1) point imnutations; (2)
physiological alterations of the sperm; and (3) injuries to structures other than
chromosomes or genes.

The possibility that point mutations with a dominant-lethal effect could
have contributed substantially to the high frequency of embryonic daath scems
remote. Ina thorough analysis of segmental aneuploidy in Droscphila, Lindsiey,
Sandler et al. [12] reached the conclusion that in the entire genome of this
vrganism theri: is only one triplo lethal locus that is located in the third chre-
mesome, and that a few loci must be present in two doses for the survival of
the fly. This implies that only a few dominant lethal mutations vesult from a
:kange in the dosage of a gene. The production of dominant phenoty pes would
be restricted to changes that result in unconfrolled gene furnction or the
production of an abnormal gene product.

In connnection with the second point it should be mentioned that Sankara
narayanan [21] found that, after nitrogen treatment to males, physiological
damage causes the rapid exhaustion of vsable sperm ii the females, leading to a
steep increase in the proportion of unhatched eggs in successive egg-laying
periods, spuriously increasing the frequency of embryonic death. This possi-
bility cannot be completely ruled out after treatment of sperm with DES. Yet,
in that case a still higher frequency of unhatched eggs should huave been
cbserved after storage (the deposition of eggs is diminished but not intiibited
by the storage technigue used). The observation that the frequency cf
embryonic lethais did not increase over that found without stcrage suggests
that physiological damage, if inflicted on the sperm, was ro? the only caus= of
the effect observed.,

It has been posti !2ted that, after treatment of Drcsophiia sperm, domag- 1o
structures essential for normal cleavage might lead to dominant lethality [8].
Dwing to the high tuxicity of DES to adult flies, this possibility could not be
excluded without {urther analysis of the action of this drug. ‘fo thic end, the
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‘requency of post-embryonic death (lethals that act at the larval and pupal
stages) was determined since the non-chromoscoimal aiterations already sner
rioned would nst be expected seriously to affect post-embryonic death.

The increase in post-embryonic death found was taken as an indication that
oliromosome breaks were actually induced, bearing in m'nd that the probability
of inducing point mutations with a dominant-lethal effect is very low. More-
sver, a still higher frequency of these lethals was obtained after storage, and it
is known that, in Drosophila, storage acts only -'pon breakage events [23,9,10,
65,926.20,28,2 "]

Based on the data already discussed, the embryonic lethals induced by DES
can also be ascribed to chromosome breakage despite the lack of inciecase after
storing for 6 days. It is worth noting that, with ethyleneimine, Seim [27]
observed a storage effect on dominant lethals measured as unhuatcnec eggs
only after € days, and with ethylmethane sulfonate this effect became rzally
evidert after that period. The same result could probabsy be reached Hy storing
DES-treated sperm: for more than 6 days.

The evidence given above, together with the absence of IT-—III trasslocations
without storage {14,!3], strongly suggests that ihe breaks induced are mainl,
potential and that the time that elapsed between their indurtion and rire unic "
of pronuclei after fertilization does not suffice to allow for their oper.ing and
the exchange of fragments. The opening ol breaks should therefore v2le ples
mostly bevond the first cleavage divisions.

The fization of breaks during cleavage divisions would lead to the formaii,n
of mosaics scme of which would be eliminated as embryonic letbals, and othe:s,
though successfully . passing through embryogenesis, would imyair larvai «
pupal development. Since II-—1II translocations were not de.ectec vefore 6 day s
of storage, .orly a, few of -those embryonic lethais found witli chat storage
period. cuuld have -been the consequenco of asymme1 rical chromcscire
exchanges of the complete type. The term “mosaic’™ is used in referenc: t-
breaks that-open during cleavage divisions and “complete’ to those that opun
during prbiviuciecius formation or before, and not in cown:.cction with damage
to one or twi DNA strands.

The lack of storage effect for embryonic lethals {as we'! «s Tc.r [I--111 tvans-
locations} eould lead to the assumption that DES induces «ct: 3! breaks ihal
cannot establish the necessary exchange conditions, or tha: poiratial break:
open simtuitaneously during embryogenesis, independently of the time that
elapsed afier treatment. However, the increase of posi-embryonic lethals with
storage suggests that new lesions become effective, it addition to those leading
to emaryorie and post-embryonic lethality Wltnout storage. These latent breaks
opening latcr Grring embryogenesis (or during post-embryonic :rages) might
not preven: the hatching of eggs, but would adversely affect the - 'mal devel-
opment of Xarvae and pupae. This implies that chromosomes with v ~-breakage
lesions induced by DES can undergo DNA replication and the breaks are
real’zed in subsegicnt cell cycles. With ethyl methanesulfonalc it ias recent’y
beea reported thor zome of the alkylations induced in the BN A of sperm ccils

retained (Lroughout cieavage divisions [11].
Ihrr» is an apparent discrepancy between the long sioia g's ime neecad tor

raniglocations to be detected and the high embryonic le nslity obeerved wwit -
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vut storage. (At 25°C the embryonic stage lasts about one day.) This could be
explained on the assumption that storage time and cellular divisions are both
msfrumental in the opening of potential breaks. While spern: remain in the
storage organs of the feirale, time would be the decisive factor, put sfter for-
tilization, wiien cleavaze divisions start, the latter would play a preponderar.:
role, despite the short {ime that elapsed, operating through chromosore move-
ments and;or DNA replicaticn. Potential breaks which surpass these diffi-
culties, and become fixed later on may contribute to post-embrvonic lethality

It could he argued that thé embryonic lethals scored without storage resuit
only from the bLreaks that becomn effective immediately after treatment and
not from those that open during the short embryonic period. These breaks,
though ivsufficient in number to give rise to asizeable frequency of transloca-
tions, cowld iead to dominant lethality. Against this view would be the cbserva-
tion that, after treatment of maiure sperm with ionizing radisiions (vroken
onds are readily availabie for exchange)}, translocations are detecied witt doses
ihat induce lower irequencies of embryonic lethals. (For a recent review see
Sankaranarayanan and Sobels [22].)

Our intepretation of the data fits the hypothesis put torward oy Auerbach
[4,5] thar =tkylating agents woeuld induce potentizal breaks that remain latent
for a peried that may extend over many cell cyles, and with Slvzingka’s work
vhat provided the cytological evidence of the nature of the storage effect at
chiromosoma! level [24,251. The fact that Slyzinska used triethylene melamine
and ethyleneimine suggests that DES shares the characteristic foatures of those
<kylating agents in their chromosome-breaking ability.

¥t can bz concluded that the data presented hefe,
teported eariier for translocations [13], are consistent in .
efficient \n breaking Drosophila chromosomes; {2 ‘.r;:sio:fx"z re it aeed mainly
5 “‘pre-breaks”, snd storage and/or cell divisi-'m are 4y L beelr
cpeiling; (3) potential breaks can undergo DNA vepticatic I divisions
&> such and beccuume open in different cell eycles, tnpsiving er.o-ronic and

nost-embrvonic d=y lopmient; (4) chromosome breaks mduced by L2455 seem to
behave 1n a «imilat way to those induced by cother mono- snd puiy-fusnctional
alkylating sgents, (5) when the potential ability of chesical conmpouands to
mduce chroonozeme breaks is assessed, it is important to estabitun delayed
¢ffects. To tnis end, post-embryonic lethality can be vsed =3 a siruple one-
generation preliminary test.
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