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Reduction in D N A  a n d  R N A  Content during the 
Development of Haploid Rana pipiens Embryos 

The development  of haploid amphibian embryos is 
characterized by retarded gastrulation, abnormal neurula- 
tion, incomplete differentiation of endodermal derivatives,  
aberrant body proportions, edema, and reduced viability. 
The cause(s) for this haploid syndrome is unclear since 
the factors involved in its development are complex. A 
single set of chromosomes in the egg results in 3 obvious 
consequences: (1) heterozygosity is lacking; (2) recessive 
lethal genes, being without  their dominant  alleles, can 
express themselves ; (3) the ratio of nuclear to cytoplasmic 
volume is abnormal. Although there is evidence tha t  each 
of the above factors is related to haploid abnormality,  the 
cause of the syndrome has not  been at t r ibuted exclusively 
to any  of themL 

A remaining possibility is tha t  haploidy per se causes 
the syndrome; tha t  abnormali ty results from metabolic 
inadequacies of haploid nuclei. If  this were the case, then 
haploid embryos might  develop deficiencies in their syn- 
theses of gene products. Earl ier  cytophotometr ic  studies 
on haploid embryos demonstrated the dependence of 
nuclear DNA and cellular RNA on ploidy. There is, how- 
ever, conflicting evidence of the relationship between 
nucleic acid content  and haploid morphological abnor- 
mali ty 2-5. 

In  this s tudy a biochemical method was used to com- 
pare the amounts of DNA and RNA contained in develop- 
ing haploid and diploid embryos of the leopard frog, R a n a  
pipiens. My purpose was to ascertain whether haploid 
embryos deviate from normal levels of DNA and RNA;  
and if so whether there is a t ime correlation between the 
onset of deviant  nucleic acid content  and abnormal 
development. 

Gynogenetic haploid embryos were produced by 'strip- 
ping' eggs into an aliquot of sperm suspension previously 
irradiated with UV-light. Chromosome analysis of 40 of 
these embryos demonstrated tha t  haploid production was 
100%. An unirradiated aliquot of the same suspension 
was used to produce a diploid reference control. The 
embryos were reared in 10% Frog Ringers solution at  
18°C. 

Nucleic acids were extracted by the OGUR and ROSEN ° 
procedure, as modified by CHEN ~ for single amphibian 
embryos. Each dejellied embryo was homogenized in hot  
(60°C) ethanol for 1 h to extract  lipids. Acid soluble 
materials, including mononucleotides, were removed in 
cold (2°C) 0.3N perchloric acid (PCA). Lipids were more 
completely removed by 3 extractions with cold (2°C) 
ethanol-ether (3:1 v/v) for a total  of 12 h. Afterwards, 
RNA was extracted with 0.8N PCA at 25°C for 4 h; and 
DNA was extracted with 1.6N PCA at 60 °C for 20 rain. 
The final centrifugation pellet was dissolved in 1.0N 
NaOH and its protein content  was measured by the 
method of LowRy et al. 8. 

The UV absorption spectrum (300-200 nm) of each 
nucleic acid extract  was determined in a Beckman DB 
spectrophotometer,  using a quartz  cell (10 mm path 
length; 60 #1 capacity). DNA and RNA concentrations 
were calculated from the difference between maximum 
(260 nm) and minimum (230 nm) optical density, from 
concurrently determined standard curves. 

The absorption spectra of the extracts agreed closely 
with those of standard R N A  (Schwartz) and DNA 
(Nutritional Biochemicals), indicating tha t  the extracts  
were essentially free from contaminating materials. Pre- 
l iminary experiments showed the extraction t ime for each 
step to be optimal because increasing the duration of 

extract ion gave no greater yields. Pellet proteins per 
embryo were all similar, ruling out the possibility that  
differences observed in DNA and RNA content  merely 
reflected differences in mass of the embryos. 

Haploid embryos became deficient in their  total  DNA 
content  by SHTOMWAY stage 17 (tail bud) °, and in RNA 
content  by stage 20 (hatching). Similar haploid and 
diploid nucleic acid content, prior to these developmental  
stages, involves a combination of factors: (1) because eggs 
with haploid nuclei have normal cytoplasms, they contain 
normal levels of the reserve materials synthesized during 
oogenesis. Amphibian eggs are described as having cyto- 
plasmic stores of both DNA and RNAZ% These reserves 
should mask differences in nucleic acid content  of haploid 
and diploid nuclei during early stages. (2) Between early 
cleavage and late gastrula stages haploid embryos under- 
go an additional division. Thus they possess cells z]2 
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DNA and RNA content per embryo are plotted against develop- 
mental time of diploid controls. Ninety-six haploid (~) and 75 
diploid (O) samples were analyzed. A sample contained: 5 blastulae; 

3 gastrulae-neurulae; or 1 tail bud-swimming stage embryo. 
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diploid size, bu t  twice  as numerous .  Whi le  haploid  cells 
a t  this  s tage p resumably  conta in  half  t he  diploid con t en t  
of D N A  and R N A ,  normal  to t a l  levels  per  embryo  are  
main ta ined  by  its increased n u m b e r  of cells. Af te r  under-  
going the  addi t ional  division, haploid  cells appa ren t ly  
divide a t  the  same ra te  as diploids, a t  least  unt i l  neuru la  
s tages are reached.  Dur ing  this  period, the  S phase  of 
D N A  synthesis  occupies similar  posit ions in the  cell cycle 
and lasts as long in haplo id  cells as i t  does in diploid 
cells ~l. 

The  per iod a t  which haploid and diploid nucleic acid 
con ten t  becomes  dissimilar  coincides wi th  one of increas- 
ing a b n o r m a l i t y  for haploid  embryos .  The  increased cell 
n u m b e r  of earl ier  haploids  is appa ren t l y  superceded by  
incomple te  dif ferent ia t ion in cer ta in  tissues. Mitosis in 
forebrain  and pronephros  is s imilar  in bo th  haploids and 
diploids, bu t  in l iver  and car t i lage the  mi to t i c  index  is 
g rea t ly  diminished x*. B o t h  nervous  t issue and the  noto-  
chord of haploid embryos  have  larger numbers  of cells 
t h a n  diploids, b u t  the  cell number  is reduced in muscle,  
the  c i rcula tory  sys tem and the  gut ~. 

Clearly, the  abnorma l  deve lopmen t  of haploid  embryos  
is accompanied  by  a reduc t ion  in t he  ne t  synthesis  of bo th  
D N A  and RNA,  The  role of nucleic acid metabol ism,  
however ,  in the  deve lopmen t  of the  haplo id  syndrome  is 
uncer ta in .  The  first  visible sign of haplo id  abnorma l i t y  is 
the  r e t a rda t ion  of gast rula t ion.  Because  differences be- 
tween haploids and  diploids in D N A  and R N A  con t en t  
are  no t  de tec tab le  for several  hours  af ter  gastrutat ion,  a 
d i rec t  causal  re la t ionship  between, nucleic acid synthesis  
and the  syndrome  m a y  be prec luded ~*. 

R~surad. Une  m6thode  micro-b ioch imique  a 6t6 utilis6e 
pour  c o m p a r e r  los quant i t$s  d ' A D N  e t  A R N  contenues  
dons des embryons  en d6ve loppement  haploides  e t  dip- 
loides de la grenouille,  Rana pipiens. Le con tenu  d ' A D N  
des embryons  haploides a ~t~ T~duit au s tade  de la queue  
bourgeonnante ,  et  leur contenu  d ' A R N  au s tade  de 
l '6closion. Puisque  los irr6gularit6s morphologiques  car- 
ac ter is t iques  des embryons  haploides  appara i s sen t  beau-  
coup plus t6 t  dons le d6veloppement ,  une re la t ion di recte  
e t  causale ent re  la r~duct ion observ~e de la p roduc t ion  
ne t t e  de l ' ac ide  nucl6ique et  le syndrome  haplo ide  n ' e s t  
pas  probable.  
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A c t i o n  de la  c a p s i c i n e  sur  la m u l t i p l i c a t i o n  et  la  
v i r u l e n c e  de l'Agrobacterium tumefaciens 

E n  1961, nous avons  6tabli  qu ' en  soume t t an t  des cul- 
tures bien d6velopp6es de leptospires  5. Fact ion  de la 
capsicine t pendan t  6 h dans te milieu de KORTHOF dons 
la  p ropor t ion  de 0.0025% dons 5 nfl de culture,  il se 
p rodu i t  un  tr~s for t  accroissement  du pouvo i r  de mul t i -  
pl icat ion des teptospires de tous  los s~rotypes.  Cet  accrois- 
sement  a t t a in t  d~s la  18~ h de l ' ac t ion  des quant i t6s  de 
leptospires  te l les  q u ' o n  n ' en  ob t i en t  dons des condi t ions  
ordinaires  q u e v e r s  le 10~ jour.  E n  outre,  les leptospires  
soumis 5. l ' e f fe t  de la capsicine accusent  un accroissement  
de leur pouvoi r  ant igone par  r appor t  aux  leptospires 
normaux ,  qui  est  de l 'o rdre  d ' env i ron  60%*-4, Au cours 
d ' un  au t re  essai, effectu6 en 1964 avec  de la capsicine sur 
le Myeoplasma agalactiae, nous avons  obtenu  des modif ica-  
t ions morphologiques  des colonies du microorganisme et  
une l~g~re modif ica t ion  de sa vi rulence s 

Nous avons  cont inu~ nos ~tudes dans ce sens e t  entre-  
pris d ' au t re s  recherches,  ce t t e  fois-ci sur  l'Agrobacterium 
tume/aciens. 

Dons 3 cul tures  bien d~velopp~es e t  v i ru len tes  d 'A .  
tumefaciens en milieu l iquide de  potatoes  de terre,  en 
quan t i t$  de 5 ml  chacune,  nous avons  plae~ respect ive-  
m e n t  0.0025, 0.005 et  0.01 g de capsicine, puis  laiss6 les 
tubes  dans l ' d tuve  5. 30 °C p e n d a n t  6 h. Pass$ le d~lai de 
6 h, on a repiqu6 dans un au t re  t ube  con tenan t  Ie m~me 
milieu st6rile, s~par~ment,  2 gout tes  de culture,  aussi b ien 
de cello ayan t  ~t6 soumise 5. Fact ion  de la capsicine que  
celle de la cul ture  normale  e t  d~velopp~es s imul tan6ment .  

Apr6s 48 h h l '6 tuve  5. 30°C on a constat6  que  dons les 
nouvel les  cul tures  de repiquage  p r o v e n a n t  de 3 cul tures  
soumises 5. des quant i t6s  diff6rentes de capsicine, la mul t i -  
pl icat ion des bact4ries est  plus abondan te  que  chez les 
t6moins aussi repiqu6s. I1 est ~. r emarque r  en outre,  que  
lors du premier  rep iquage  en milieu st6rile des cul tures  
soumises ~ Fact ion de  la  capsicine, env i ron  le 20% des 
bact6ries pendan t  les 6 h m e u r e n t  sous l ' inf iuence de la 
capsicine.  Cela signifie que  la quan t i t6  de bact6ries des 2 
gout tes  de cul ture  t ra i t6e est plus pe t i t e  que  celle des 2 
gou t tes  de cul ture  normale .  P o u r  ob ten i r  des donn6es 
encore plus pr6cises, on  a ensemene6 dons 5 boites g61ose 
nu t r i t i ve  ~ base de p o m m e  de ter re  une cul ture  soumise 5. 
Fac t ion  de  la capsicine e t  dans 5 autres  une cul ture  
normale,  en p a r t a n t  de repiquages cor respondants  d ' u n  
mil ieu st6rile, apr6s, b ien entendu,  une 6galisat ion quan-  
t i t a t i ve  des bact6ries dans les repiquages  m~mes. 

L ' e x a m e n  des r6sultats,  effectu6 apr~s un s6jour des 
boi tes  de g61ose ensemenc6es e t  t enues  5. 30 °C a permis  
d '~ tabl i r  que  dons la cul ture  soumise k Fact ion  de la 
capsicine i l y  ava i t  d~s la 24~ h une mul t ip l ica t ion  abon-  

I Par capsicine on entend l'extrait total du fruit des piments rouges 
(Capsicum annuum L.) qui out un gofit ~pre et qui, avee d'al~tres 
composants, confiennent aussi l'alcaloMe de m~me gout -- ta 
eapsaIcine. La eapsaYcine est l'alcaloide chimiquement pur. 

* I. KUJUMOIEV, IZV. mikrobiol. Inst., Sol, 13, 5 (1962). 
I. KUJUMGIEV, Zentbl. Bakt, Parasitkae, Abt. I. 185, 230 (1962). 

4 I. KujuM611~v, Izv. mikrobiol, Inst., Sof. 76, 41 (1964). 
I. KUJtlM61EV, C. r. Acad. bulg. Sci. 78, 79 (1965). 


