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ABSTEACT 

Conger, Alan D. Biology Division, Oak Ridge National Laboratory, Osk Ridge , Tenn. : 

-- The C.ytoPenetic E f f e c t  of Sonic Energx Applied Simultaneously g--. 

An experiment has  been performed t o  t e s t  the  inf luence of sonic  energy on the  

y ie ld  of X-ray induced chromosorral aber ra t ions  i n  a clone of Tradescantia paludosa. 

Chromosomal aber ra t ion  frequency was determined a t  t he  microspore mitosis  from 

aceto-carmine smears made 4 dags a l t e r  treatment. 

Inf lorescences were immersed i n  water contaiiied i n  a s t e e l  cup used for t he  

sonic  treatment. The bottom of the  c q  WBS a v i b r a t i n g  diaphragm which t ransmi t ted  

t h e  sonic energy t o  the  p ian t  buds v ia  the  wa-ter. The i n s t r m e n t  used was a Ray- 

theon Mfg. Co. magnetostriction o s c i l l a t o r ,  run a t  9,100 cycles/sec. and a t  a 

t, pover of 30 watts. ‘ Ino treatments viere given to inf’orescences ins ide  the  sonic  

cup: 

X-rays (as above) p lus  sonic treatment begun with and continued f o r  5 minutes af ter  

a), 250 r X-rays (78 r/min.) as measured i n  a i r  outside t h e  CUT:, and B) 250 r 

the  X-radiation ceased. 

The frecr_uency of e l l  tyFes of chi-ornosorne s h e n a t i o n s  nas higher when the  sonic  

treatment was given i n  ad.dition t o  t he  X-rays. The r a t i o  of X-ray p lus  sonic  

energy/X-ray aber ra t ions  mas 1.3/1 fo? both exchaqges an2 simple de le t ions .  

sonic  treatment alone, as given here ,  d id  not ceuse aber ra t ions .  

The 

This increased y i e ld  of a5errat iol is  i s  ;xobab.!.y due t o  an incretised amount 

of  chromosome movement caused by the  transmission of sonic  energy through the  

ce l l s  during and a f t e r  the X-radiation; movement rvould separate  the broken ends 

from a s ingle  chromosome break (rcd.ucir.g r e s t i t u t i c n )  aiid br ing together  broken 

. ends from d i f f e r e n t  breaks ( increas ing  new reunions)-both w u d d  increase 

aber ra t ion  frequency . 
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It i s  generally agreed t h a t  t h e  number o f  chromosome breaks i n i t i a l l y  

produced by a given dose of X-rays i s  independent of conditions a t  t h e  time 

of radiat ion.  

t i o n s  from a given number of  i n i t i a l  breaks depends upon t h e  r a t i o  of those  

breaks which r e s t i t u t e  (and a r e  not de tec tab le)  t o  those which do not re- 

j o i n  or which r e j o i n  in de tec tab le  new associat ions.  The majori ty  of the' 

breaks produced by Sradfa t ion ,  Wer narmal conditions, seem t o  re jo in  fn 

But t h e  subsequent y i e ld  of  observable chromosomal aberra- 

- 
their 03iginaI pos i t i on  ~.nd do not f w m  o b e m a k l c  abcrrat ions 3 

Any f a c t o r s  which a f f e c t  t h i s  process o f  r e jo in ing  w i l l  inf luence t h e  

y i e ld  of chromosomal a b e r r a t i m s  obtained from a given X-ray dose. 

treatments used i n  conjunction with X-rays have been shown t o  increase 

(or  decrease) t h e  y i e ld  as comparcd with t h a t  obtained from t h e  same dose 

of X-rays alone. 

i n  Table I: 

Several  

The results o f  some of these treatments are summarized 

Trhle f 

- ------ ---- 
.1Effect on X-Ray Abwration Frequency I 
I ~ f f e c t  ' 1 I 1 

,;Alone ; B e f o r J e  _DurinP After Reference , -j I Treatment 

f Centrifugation 
I Temperature i ( 3 G / 3 6 ' )  

;Colchicine 
f 
I Ult rav io le t  
t 1 Infrared 

I 

I -- 

X 

* r a t i o ,  X-ray - 1 .  treatment/X-ray alone 
x :not s tudied 

UI?C LAS SI PIED 
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In addi t ion t o  t h e  treatments above, t h e  effect of t h e  s tage of d iv is ion  a t  

t h e  time of rad ia t ion ,  genet ic  differences,  and d i f fe rences  between d i f f e r -  

en t  t i s s u e s  of t h e  same indiv idua l  have been studied 6 

Most of these  a r t i f i c i a l  o r  na tu ra l  inf luences (except u l t r a v i o l e t  and 

in f r a red )  seem t o  produce t h e i r  e f f e c t  on the yield of chromosomal abcrra- 

t i o n s  by a l t e r i n g  somehow t h e  amount or freedom of chromosome movement, 

increase  i n  t h e  amount of movement a f t e r  chromosomes have been broken by 

X-rays would enable t h e  broken ends from one break t o  be separated from one 

another (reducing r e s t i t u t i o n )  and would b r ing  broken ends from d i f f e ren t  

breaks together  ( increas ing  new r e d o n s )  ; e i t h e r  would increase the  y i e l d  

of aberrat ions.  

centrif 'ugation, suggested t h a t  sonic or  supersonic energy would be  a means 

o f  applying mechenical ag i t a t ion  t o  c e l l u l a r  s t ruc tu rcs  during radiat ion,  

thereby increasing t h e  y i e ld  of chromosomal aberrations.  

ExPerimental Methods: 

An 

These considerations,  and tho  work lvhich had been done with 

Inflarescences of a clone of Tradescantia p l u d o s a  Anderson & Woodson 

were subjected t o  s inul taneous X-rsy and sonic treatment. 

smears of  t he  an ths r s  vere made 4 dcys a f t e r  treatment, and t h e  frequency of  

chromosomal abe r ra t ions  determined a t  t h e  microspore mitosis. X-rays were 

del ivered a t  250 KV peak, 15 ma, f i l t e r ed  through 1/2 mm. (3.1 and 1 mmr AX, 

The average in t ens i ty ,  measured v i t h  a Victoreen dosimeter i n  a i r  a t  t h e  

same pos i t ion  as t h e  buds were when exposed t o  rad ia t ion ,  was 78 r/minute, 

A dose of 250 r was given i n  a l l  experiments. 

Aceto-carmine 

Sonic treatment was begun with t h e  X-radiation and continued f o r  5 

minutes after r a d i a t i o n  ceased. 

Raytheon Manufacturing Company Model R-22-3 magnetostriction t r m s d u c e r  con- 

The sonic treatment was administered by a 

nected t o  an e l ec t ron ic  o s c i l l a t o r  operating a t  about 9,100 cycles/seoond, 7 

The mater ia l  was t r e a t e d  i n  a s t a i n l e s s  s tee l  cup, t h e  bottom of which was 
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a diaphragm connected d i r e c t l y  t o  a n icke l  magnetostriction rod which a l t e r -  

na t e ly  contracted and expended i n  an a l t e r n a t i n g  electromagnetic f i e ld .  The 

sound energy generated by t h e  cup diaphragm was t r m s m i t t e d  t o  t h e  Trades- 

can t i a  buds by water 3.4 cm deep (30 cc) i n  which t h e  inflorcscences m r c  

immersed, upside down, t h e  cerler of t h e  buds being 3 mm. beneath t h e  surface 

of t h e  water through which t h e  sonic v ibra t ions  were transmitted. Temperature 

was kept constant by a continuous flom of t a p  water (180 C,) through t h e  water 

j acke t  of t h e  double na l l ed  sonic cup. 

during treatment by i n s e r t i n g  t h e  s t e n  base of t h e  inflorescence through a 

hole  i n  a t h i n  lucite cap f i t t e d  over t h e  top  of t h e  cup. The machine mas 

always operated a t  t h e  sane voltage 1wel across  t h e  trznsducer,  30 volts, 

and at  t h e  same frequency, about 9,100 cycles/second, The sonic cup, with 

t h e  flowcr buds held i n  pos i t i on  i n  t h e  w a t e r ,  vias centered under t h e  X-ray 

tube; i n  both t h e  con t ro l  series (X-rays oniy) and t h e  t r ea t ed  s e r i e s  

(X-ray p lus  sonic energy), buds wtre held i n  t h e  same pos i t ion  i n  t h e  m t e  

i n s i d e  t h e  sonic cup during t rentnent .  

t h e  buds i n  t h c  sonic cnd cont ro l  s e r i e s  was t h e  samo; however, t h e  absolu%e 

dose, due t o  scc t t e r ing  by t h e  l u s i t e  cap, v a t e r  2nd s t e e l  cup, may not lhavo 

been t h e  same as t h e  25C) r measured by a dosimeter i n  t h e  s m e  pos i t i on  in 

air. 

Inf lorescencss  were held i n  place 

Tho r e l a t i v e  X-ray dose received by 
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Results : 

A s e r i e s  of six experiments vas made. ' S ince  t h e  r e s u l t s  of  a l l  are 

e s s e n t i a l l y  t h e  seme t h e  data  have bean combined, and a r e  presented i n  Table 2. 

Table 2 

--- __uL - 
i Yield of &day chroqosomal aberra%ions per 100 c e l l s .  c 
4- 250 r X-rays Lav. 78 r/min.): av. 7-112 minutes sonic treatment i 
1 ! 

1 1 
Exchangasl i Deletions' ! 

i * 

I 
I 

-- ----u_ 

i T r  catmcnt 

;&rags + sonic 

I .- Control (X-ray alone) i 
D i f f .  (Sonic1 - (Xzrays)? S.E. D i f f .  1 

R a t  i o .  Sonic/X-ray i 127/i 1 1,26/1 1 i 
1 -. 

I 

1 Dicentr ics  a t r i c e n t r i c s  4 cen t r i c  r i n g s  
2 Tcrninal .i- small i sod iane t r i c  fragrncnts (acent r ic  r ings  excluded) 

Previous experiments had shown t h a t  t h e  sonic treatment alone, a s  given here, 

d id  not cause de t sc t ab le  chromosozal aberr*--tions*. The y ie ld  of X-ray in- 

duced aberrat ions hes been incresrsed by the  appl ice t ion  of sonic energy; 

t h e  differences betncen t h e  sonic treatcid and X-ray controls  a r e  s t a t i s t i -  

cally s ign i f i can t  f o r  both t h e  one- and two-hit aber ra t ions  (difference '3 

3 times S.E. diff . ) .  

Discussion: 

The increase i n  aber rz t ion  y ie ld  is somewhat less than t h a t  obtained 

by other  treatments, where t h e  r a t i o  o f  t roated/control  has been about 2/1 

f o r  centr i fugat ion,  and infrared,  %bout 4/1 f o r  cold treatment. 

* 
It i s  

A recent  experiment10 r e p o r t s  the production of chromosonal aberrat ions,  
mutations, End other e f f e c t s  in Allium roo t  t i p s ,  Helianthus stem apices,  
and Drosophila by treatment x i t h  u l t r a son ic s  alone. However, t h e  t r e a t -  
ment was qu i t e  d i f f e r e n t  i n  frequency (400,000 cycles/scc.) and i n  o the r  
f a c t o r s  fron! t h e  sonic exposures reported here. 
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bel ieved t h a t  t h e  smaller e f fec t  found with sonic snergy, as administered 

i n  these  experiinents, i s  due t o  the  f a c t  t h a t  it i s  d i f f i c u l t  t o  de l ive r  a 

sonic dose in t snse  enough t o  produce t h e  effect des i red  without causing a 

d is rupt ion  of t h e  c e l l s  o r  e n t i r e  t i s sue ,  making fu r the r  observation i m -  C 

possible ,  

determined a s  t h e  maximum i n t e n s i t y  which could be used, and s t i l l  have t h e  

buds and anthers  survive in t ac t .  I n  these  experiments, c e l l s  have been ob- 

served a s  much as 5 d2ys a f t e r  t r ea tmmt  i n  vrhich t h e  e n t i r e  nucleus had 

been disrupted i n t o  nunbcrous small  d rople t s  sc-. t tered throughout t h e  c e l l ,  

i n  other  C ~ S E S  t h e  nucleus had been condensed i n t o  a so l id ,  anorphous 

pycnotic globule, 

mont, though s t i l l  i n t a c t  and a t  t h e  s m e  stage of c e l l u l a r  development as 

n o r m 1  c o l l s ,  had no vcs t ige  of t h e  nuclsus o r  n u c l e x  fragments remaining, 

though t h e  cytoplasm V B S  uni forn ly  darker s ta ined than nearby normal ce l l s .  

Apparently t h e  nucleus mas 3lnost  completely dispersed throughout t h e  cells, 

ye t  5 days of dovelopncnt 2nd gro:rth of the  nicrosporc ensued i n  such c e l l s  

with a dispers ion r a t h c r  thcln zn organization of  genic m t e r i a l ,  There can 

be no doubt, howev.x, t h z t  tho  transmission o f  sonic energy does cause move- 

ment of c e l l u l a r  cons t i t u sn t s  vi thout  disrupting the cell; such effccts hzve 

An i n t a n s i t y  of 30 v o l t s  across  t h e  transducer was empirically 

It i s  in to re s t ing  t h a t  sorie c e l l s ,  5 days after t r ea tL  

besn described i n  e a r l y  b io log ica l  s tud ies  m d e  rrith sonics End supcrsonics. 1 

Further, an X-ray induced chromosome f r a p e n t ,  because of i t s  sneller mass 

and s m f a c e  area., should have a smaller viscous drag and thareforo be d is -  

placed by sonic v ibra t ion  more than t h e  heavier and l a rge r  choisosone from 

which it came. 

(“minutcsl’, o r  “dots”) nhich following X-ray treetmcnt alone a r e  general ly  

associeted qu i t e  c lose ly  with t h e  chror,osoi.:cs; a f t e r  combined X-rsy and 

sonic treatmcnt, t h e  de l e t ions  are of tcn complctely d issoc ia ted  from t h e  

chrm3so:ies . 

This may be observed q u a l i t a t i v e l y  f o r  isodiametr ic  de le t ions  
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It is  thought t h a t  by refinements i n  t h e  method of treatment, and per- 

haps by using u l t r a son ic  energy of much shor te r  wavelength than used here 

(9,100 cycles/sec. E about 16 cm. wavelength i n  mater) greatly enhanced 

y i e l d s  of aber ra t ions  nay be obtained; if t h e  problem of inducing con- 

s iderable  v ib ra t iona l  movement of c e l l u l a r  cons t i tuents  without causing 

d is rupt ion  of t h e  cell wall can be solved, t h i s  should be possible.  Ultra- 

sonics  with wavelengths of  t h e  order of magnitudo of c e l l  dimensions may be 

the gay of doing it. 

g$nJ?~: 
Tho cytogenetic effects of s iml t aneous  t raatmsnt  of Tradescantia 

inf lcrescences v i t h  X-rays (250 r) and sonic energy (9) 100 cycles/scc.) 

are described, 

creases  t h e  yield of X-ray i n d u c d  chronosomal aber ra t ions  ahout 1.3 times 

Sinultaneous treatment with sonic onergy and X-rays in- 

t h o  y i e ld  obtained with t h e  same mount of X-rays slonc, The sonic treat- 

ment alone did not cause a%c=rrations. Tho increased y i e ld  is probably duc 

t o  an increased novenent of chrmosnnos and chro:msone frngcents  caused by 

t h e  sonic trectment, r e s u l t i n g  i n  a decrease i n  t h e  amount of r e s t i t u t i o n  

and an increase  in tho  amotmt of de tec tab le  ncm reunions betneen t h e  broken 

ends of chronosoc1es. 

t 
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