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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 treatm ent, though none was recov- 
ered w ithout storage. Chromosome breaks being currently considered the  main 
cause of dom inant 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 treatm ent increased 
embryonic lethality (measured as frequency of unhatched eggs) and post- 
embryonic lethality (measured as frequency of larval and pupal death) over the 
control valúes. 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 división 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 tha t in Drosophila melanogaster, when sperm 
treated with diethyl sulfate (DES) is stored in untreated females, II—III trans-
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locations are recovered with a frequency th a t increas>es with storage time [13]. 
With the highev concentrafcion used (0.75%), translocations were detected as 
frorn 1-h<: 6tb day after treatm ent. In line with previous findings [14], no trans- 
Jocatioi/ was observed w ithout storage, and it. was then suggested that DES 
induces potential breaks that in time open.

Sjnce cliromysomc breaks are considered to be íhe main cau.se of dom inant 
lethality and ai 2 5 'C íhe embryonic period lasts about a day, it was considered 
of interest to  assess tho ability of DES to induce this type of damage with and 
w ithout storage.

This paper reporls results on embryonic lethality (measnred as frequency of 
unhatched .cggs) and post-embryonic lethality (measnred as treouency of larva• 
and pupal death) after treatm ent of Drosophila sperm with DE S.

Materials and m ethods

Ltd.) dissolved in ethanol, was made up into 0.5 and 0.75% solutions in r\  
gliicose. It •.»'«,s administered to  7 -day-oíd wild-type Sanmrkan l  males by niea..:- 
o f saturaied filter paper attached to the wa!ls of ISO-ml bottles >'150 maJoc; 
bottle). Immediateiy after treatm ent the males were mated to Oregon K víi-í.'-ü 
females, 4 to 6 days oíd.

The 0.5% solution 'vas used to study embryonic lethality «jnstorecJ) i.-ilh 
flies exposeí' to the chemical for 2.5 h (Series í) and 3 h (Series II). The 0. ¡ C: 
solution was used for embryonic and post-embryonic lethal test? (with pjid 
w itliout storage). The duration of treatm ents was: Series i 2.5 h: Serien íi. 
2.5 h (3-h interval in regular food), 1 h (total tim e of treatm ent 3,5 ii ' For aJ 
the Controls the mates were- fed on an ethanol—-5% glucoso so’.ntioi) for ■? K

To study the  effecá, of storage on the treated sperm, the imemina-^d •.
were kept at 17°C for 6 days, with regular food (the deposition o í i;¡»gs 
slightly. reduced by this storage technique). After this p-?riod, the fcmalos v*. •: 
again piaced in ovipositior. charabers and the eggs laid were ¡scored. AU -• 
m ents were carried out at 25°C unless otherwise indicated.

The frequencies of embryonic and post-embryonic death were cor»evitó I; 
control valúes by using the formula:

(Pt, proportion in the treated sample; Pe, proportion ir. the control), adapted 
froir. A »bot’s correction [1,21]. To estimate the signiíicanee of the differences, 
a test based on a Z  paraioeter w?ü used

where t ’)& variance of R was calculated from the following exprc&sion [17] •

Diethyl sulfate (DES) (C2H5)2S 0 4, mol. wt. 154.19 (British Driu* H ou^-

R l  - R 2
Vvar. R l  + var. R2



Em bryon ic  leíhality
For these experim enu- the males were individually mated with tiie females 

ir. em pty \ia!s, and after one observed mating (this í-r.sur'?;-: «Vj exclusive 
sampli'ng of sperm that at the tim e of treatm ent was m ature and rrotiss), the 
males were disearded ana the females transferred to ovipositio»i cha/nbers ío 
24 h. A médium of agar, sugar, yeast, molasses and acét-ir. a-ii-■ n-?» ujed that 
encouraged oviposition and was darle enough to  aüow l\ho e^g1: t>- be easily 
distinguishfcd.

The eggs were counted after a 24-h oviposition períod. The' unhetciied eggs 
were scored 24 h later and again after an additional 24-h peried f;o ensure the 
detection of late hatc!>ing. All víais with 100% unhatched oggs» vi ext. disearded.

Post-e¡nb¡ y  ~>>uc lethaiity
These experimenta -were cairied out to determine the numh'." of. individuáis 

fchal ¿o thiough embryogenesis successfully but do not reach i na aduit stage 
?larva! and pupj-ú death). The oviposition chambers in. which hatched and 

nhatebed eggs had been scored, both froir: stored and unstored sperm, were 
¿ncu>'«ated antil emergenc? of the adults, th a t were counted daiiy unti» exhaus- 
t 'on . To --jrevent distorcion o í the data [29], care was taken ;. j  avoid over- 
¿rowding.

R-.su Its

[<■.) Embryonic lethaiity
The resulis of. the embryonic lethal tests after troatmonfc oí mature sperm 

with 'OES are sbown in TabJe 1. It is evident that this compound was highly 
<■ íficiont ir; ineroasing embryonic death when tr?afced niales were mated with 
u>ítr*«¡.led femfr-es. This increase, measured as freqner»c.y of unhaiched '¿ggs, 
■/as dose-depern’-ínt.

In Seríes I 5 b of treatm ent) the frequeney of embryonic d-vitíi with 
:'.75%  DES wa> 2.2 times as high as it was with ■ 0.5% swlulion. 'in ¡Series il,

V BLK i
■■ i B R Í O N I C  LLTTi AI.ITY INHITCED BY T R E A T IN G  M A T U R E  SFEIIM WíTrt DES  

Unhatched
------- ---------- --  -  X 1 0 0  a
n. o**! eggs

WKS Q.5W DES 0.75%

Control 5.3?. 5 .25
( 1 0 6 / 1 9 9 1 ) ( 1 0 3 / 1 9 6 2 )

c eries I 24 ,5 2 54 .7 9
t '¡ÍI3/2423; ( 8 6 2 / 1 5 0 8 )

Series II 31 .33 73.51
Í 6 3 0 / 1 8 0 1 ' ( 4 9 8 / 6 6 0 )

S; .tisti<‘al significc-.aoe: in alí cases a  <  6 X 1 0 ~ S
J % in  th e  tre a te .i  series  c o rre c te d  as in d ic a te d  in  M ate ria ls  a n d  r ’.etb.~o*. i  ion  oí' ''.¿E**

i. 5% : S eries I, il.5  i.: Series TI, 3 h , DES 0 .7 5 % : S eries I, 2 .5  h ; herios II, 2 .5  h + 1 h ( i -h C u u-
o h.



with OES 0,75% (3.5 h of treatm ent) the frequency was 2.3 times as high as it 
was with DES 0.5% (3 h  o f treatm ent). With DES 0.5% the frequency of 
embryonie death in Series II was 1.3 times as high as in Series I; with a con­
cern; '.tion oi 0,75% the difference was also 1.3 times greater.

To stndy further the aotion of DES 0.75% the treated sperri was stort-d for 
b days in untreated femaies. The first part of Table 2 shows th a t the frequeacy 
o í embryonie death remained unchanged after this storage period. T he íre- 
queney of ombryonic lethals in Series II was 1.4 í.imes as high as in Series I.

(b) Post-embryonic lethality
The study of post-embryonic death (lethals tha t act in the larval or pupa! 

stages) was carried out both with and.w ithout storage o f the treated sparm ir 
the femaies. Post-embryonic lethals, as can be seen in the second part e f 
Table 2, also increased sígnificantly over the Controls in both series after treaU 
m ent with a 0.75% solution. But, in contrast with the results shown ty  
evribryoiiic lethals, the yield of post-embryonic lethality in the unstored sam- 
ple was not affected by the length of exposure to  the chemical. Analysis of t<i.’ 
data obtained after storing the treated sperm for 6 days led to the foliowing 
conclusions. (1) The frequencies in the treated series wore significantly higirter 
than in the control; (2) the frequency of lethals in Series II (3.5 h treatm ent) 
was significantly higher than that in Series I (2.5 h treatm ent); and (3) all the 
frequencies obtained were significantly higher than those shown by ch< 
unstored samples.

TABLr' P.

EFI- ECT OK ST O R A G E  GN THE FR E Q U E N C IE S O F EM BR Y O N IC  A N D  PO ST- iMBRYO.'TIC  
L ET H A L IT Y  IN D U C E D  BY T R E A T IN G  M A TU R E  SPERM  WITH 0.75%  DES

F m b ryon lc  le tlia ’ity  

U nhatohed eg^s

T ota l efcgs
X 1 0 0  a

P ost-em b ryon ic  le th a lity

U nhatch ed  eg^s — adults  

H atched eggs

C ontrol
(C)

5 .2 5
( 1 0 3 /1 9 6 2 )

4 .5 5
(3 9 /8 5 7 )

Series 1 
( S I )

Series II 
(STI)

C ontrol
(C)

Series I 
(SI)

X l  CO a

Series J1 
(S U )

Non*
sto r td  
(A)

S m  ved
for 6 ia ^ s (B)

Statistical
fign iíican ee  
(o n ly  va.-lies o f  
a  <  0 /> 5 show n)
(A ) vs. ÍB) — -

( /  »: (S í)  vs. (S U )
(SI) vd. (S U ) 

ín  a.!¿ cases.-: (€> vs. <>í) and (SJ1) cv <  6 X 10"

5 4 .7 9  7 3 .5 1
(8 6 2 /1 5 0 8 )  (4 9 8 /6 6 0 )

5 2 .0 7  7 4 .4 9
(5 9 5 /1 .0 8 9 ) (3 7 9 /5 0 1 )

2 .4 2
( 4 5 /1 8 5 9 )

5 .38
(4 4 /8 1 8 )

<0.001
< 6  X 1 0 ~ 7 
< 6  X 10 "7

1 1 .9 6  1 1 .8 5
(9 1 /6 4 6 )  (2 6 /1 8 6 )

2 0 .8 4  3 0 .0 4  
(1 2 4 /4 9 4 )  (72/r;10.*

< 0 .0 0 1  < 6 X 1 0  5 

< 0 .0 3

Dr-rptiou o f  treatrrents: Series I: 2 .5  h; Series II: 2 .5  h + l h  (1-h  interval): C ontrol. 3 h. 
a % in  íh e  irea ícd  series corrected  as ind icated  in M aterials and m eth od s.



Despite the differences shown by the Controls, which are prssently under 
studv, the differences found between stored and non-stoied sperm vn the 
tr-a ted  series are real, since all results have been correoted for control valúes as 
m dicated in Materials and Meihods.

Discussion

Fr jm  the data presented here, it is evident tba t DES, in addition to  being a 
powerful mutagenic agent in Drosophila [18,19,15,3,16,14], is highly efficient 
in increasing embryonic death when treated males are mated to untreated 
females. Since chromosome breaks are currently considered to  be the main 
cause o f dom inant lethality, the obvious explanation for the high frequency of 
embryonic lethality observed would be tha t chromosome breaks were induced. 
However, this would raise a seeming discrepancy with the íack of II—III trans- 
locations in unstored DES-treated Drosophila sperm [14,13],

Therefore, a critical evaluation of o ther causes that might account for the 
observed increase is called for before the high frequency of embryonic death 
roported heie is imputed to  chromosome breakage. It is conceivable tha t, aí'ter 
«eatm ent oí' sperm with a mutagen, damage leading to  dominant, lethality 
o lher than chromosome breaks coulri also be induced: (1) point m utations; (2) 
physiological aíterations of the sperm; and (3) injuries to structures o ther than 
chromosomes or genes.

The poisibility that point m utations with a dominant-letha! effect could 
have contributed substantially to the high frequency o f embryonic death seems 
rem óte. Inatho rough  analysis of segmental aneuploidy ín Drosophila, Lindsiey, 
Sandler et al. [12] reached the conclusión tha t in the entire genome of this 
orgamsm títere is only one triplo lethal locus th a t is lccated in the tb.íri chrr.- 
mosome, and th a t a few loci m ust be present in two doses for the survival of 
the fly. This implies tha t only a few dom inant lethal m utations result from a 
■hange in the dosage of a gene. The producíion of dom inant phenotypos would 

be restricted to  changes th a t result in uncontrolled gene funotion or the 
production of an abnormal gene product.

In connnection with the second point it should be m entioned thaí Sankara 
narayanan [21] found that, after nitrogen treatmer>t to males, physiological 
damage causes the rapid exhaustion of usable sperm in the females, leuding to  u 
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 treatm ent of sperm with DES. Yet, 
in tha t case a still higher frequency of unhatched eggs should have been 
observed after storage (the deposition of eggs is diminished but. no t inliibited 
by the storage technique used). The observation tha t the frequency of 
embryonic lethais did not increase over tha t found w ithout steraffs suggests 
th a t physiological damage, if inflicted on the sperm, was not the only cause cf 
the effect observed,

It has been posti !?.ted that, after treatm ent of Drosophiia sperm , damap to  
structures essential for normal cleavage might lead to  dom inant l(?t-hality [8], 
Owing to  the high tuxicity of DES to adult flies, this possibility could n o t be 
excluded w ithout fi-íther analysis of the action of this drug. To this end, the



cequency of post-embryonic death (lethals that act at the larval and pupsi 
-i,ages) was determined since the non-chromosornal aiterations already mer; 
•.'ioned would no t be expected seriously to  affect post-embryonic death.

The increase in post-embryonic death found v/as taken as an indication tha t 
c'u-omosome breaks were actually induced, bearing in minó tha t the probability 
of mducing point m utations with a dominant-lothal effect is ven; low. More- 
over, a stiil iiigher frequency of these lethals was obtained after storage, and it 
is known that, in Drosophila, storage acts only «pon breakage events [23,9,10, 
6 ,26.20,28,2,7].

Based on the data already discussed, the embryonic íethals induced by DES 
can also be ascribed to  chromosome breakage despite the lack o f incoase after 
storing for 6 days. It is worth noting that, with ethyleneimine, Sfám [2/7] 
observed a storage effect on dom inant lethals measured as urihatcnec'. eggs 
only aiter 6 days, and with ethylm ethane sulfonate this effect became roally 
evident after tha t period. The same result could probabiy be reached by storing 
DES-treated sperm for more than 6 days.

The evidencio given above, together with the absence o f II—III transiócations 
w ithout storage [14 ,J 3], strongly suggests that the breaks induced are mainly 
potential and tha t the tim e th a t elapsed between their induction and riie unk. i  
of pronuclei after f'ertilization does not sufíice to  allow for their oper.ing an.l 
the exchange of fragmenta. The opening o í breaks should therefore v ’ie pl£ 
mostly beyond the first cleavage divisions.

The ñxation of breaks during cleavage divisions would lead to  the form a'/ /:1 
of mosaics some of which would be eliminated as embryonic ietbals, and otheíí 
though successfuíiy. passing through embryogenesis, would impair larval e ■ 
pupal developraent. Since II—III translocations were not de.,ected before 6 daj¿  
of storagíj, .ó rly  a, few of those embryonic lethals found with Chat storage 
period cííuk?. fhave • been the  consequence of asymm^tricaí chromosoir-e 
exchanges o í the  complete type. The term  “ m osaic” is used in referenc? i-  
breaks thaú-trpen during cleavage divisions and “ com plete' to  those tha t opon 
during p&niíueieolus form ation or before, and no t in co¡i:.«ction with damage 
to one c r twó DNA strands.

The lack of-storage effect for embryonic lethals (as we'J ws íc* Q—III tv3»is- 
locations) could ’ead to  the assumption th a t DES induces breaks ú:a'
cannot establish the necessary exchange conditions, or th a t poú-.ntial breaks 
open simultaneously during embryogenesis, independently of the tim e that 
elapsed after treatm ent. However, the increase o f post-embryonic lethals with 
storage suggests that new lesions become effective, in addition to  those leading 
to  einbiyor.ic and post-embryonic lethality w ithout storage. These latcnt breaks 
opening la to  during einbryogenesis (or during post-embryonic ¡--iges) mighí 
no t orevent the hatching of eggs, bu t would adversely affect the ;v : mal devel- 
oprnent oí Jarvae and pupae. This implies th a t chromosomes with r o-breakage 
lesions induced by DES can undergo DNA replication and. th< breaks are 
real’.zed in subseqvcnt cell eyeles. With ethyl m ethanesulfonatc it •:as recent’y 
been roported that- .-orno of the alkylations induced in the DKA of sperm c r is  
are retained iLroughout oieavage divisions [1 1 1.

Diere is an apparent discrepancy between the long storage ime neecod ior 
írá:ialocations to  be detected and the high embryonic letnality observed wií



out storage. ( At, 25°C the embryonic stage lasts about one day.) This could b? 
explained on the assuraption that storage time and cellular divisions are botfc 
instrum ental in the opening of potential breaks. While sperm remain in the 
storage organs of the íeinale, time would be the decisive factor, Dut after fer- 
tilization, when cleava^e divisions start, the latter would play a preponderare 
role, despite the short time th:\t elapsed, operating through chrornosome move 
ments and/or DNA replication. Potential breaks which surpass these diffi- 
culties, and become fixed later on rnay contribute to  post-embryonic lethality 

It could be argued that the embryonic lethals scored w ithout storage result 
only from the breaks that become effective immediately after treatm ent and 
not from those tha t open during the short embryonic period. l'hese breaks, 
íhough insufíicient in num ber to give rise to  a sizeable frequeney of transloca­
tions, could iead to  dom inant lethality. Against this vievv would be the observa- 
tion tha t, after treatm ent of mature sperm with ioniziiig radinvions (broken 
ends are readily available for exchange), translocations are detected wir’-t doses 
tha t induce lower irequendes of embryonic lethals. (For a recent review see 
Sankaranarayanan and Sobéis [22].)

Our intt'pretat.ion of the data fits the hypothesis pu t to m a rá  by Auerbach 
01,5] that ?.lkylating agents would induce potential breaks that remain latent 
for a period that may extend over maiiy cell cyles, and with Slv-'inska’s work 
r r a t  provided the cytologic&l evidence of the nature of the storage effect at 
chromosorna' level [24,25]. The fact tha t Slyzinska used triethylene melamine 
and ethyleneimine suggests that DES shares the characteristic foatures o f those 
Jky la ting  agents in íheir chromosome-breaking abilitj1'.

ít  can be concluded tha t the data presented here, together those
teported earüer for translocations [1 3 ] ,are consisten* i» shcv.in?, (Tí.DES is 
c-fficienl in breaking Drosophila chromosomes; {2; lesiona ;xo rrx. m a i n l y  
as “ pre-breaks'1’, and storage and/or cell división an.> n u  v„ fcneir
c-peüing; (3) potential breaks can undergo DNA replicstíon fn\ó cau divisions 
sa such and become open in different cell cyc!e?¡ impsirii)}? otw.-.'onic and 
post-embrvoiiic dev Jopm ent; (4) chromosome breaks mducetí t y  L'í.ív íaem to 
behave in a ¿fruía1: way to  those induced by other mono- and poiy-í'usctional 
alkylating agents: Í5) when the potential ability of chemicai ¿ompounds to 
induce chronjost.me breaks is assessed, it is im portant to establish delayed 
f fíects. To Inis end, post-embryonic lethality can be used -.¡s a simple one- 
generation preliminary test.
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