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Abstraet .  The effect of exogenous DNA of syngeneic origin on the course of reparation of mer- 
istematie cells of Viciafaba primary roots followed after treatment with monofunetional alkylating 
agent, ethyl methanesulphonatc (EMS), was tested. Time course of alternations in mitotic 
activity of investigated cellular population and the dynamics of formation of postmetaphase 
chromosomal aberrations was evaluated. A reparation of damaged cells was significantly support- 
ed by syngeneie DNA" its application induced an increased incidence of cellular division already 
in the early intervals of the repair which was accompanied by concomitant decrease of micro- 
scopically detectable rupture in the chromosomes. The study performed on the localization of 
induced damages occurring in metaphase chromosomes pointed out an increased sensitivity of 
small chromosomes of Vicia faba to EMS. Similarly, a reparative action of syngeneie DNA was 
exhibited by significant decrease of aberrations frequency, predominantly in the same chromo- 
somal group. Per cent representation of individual types, not affected by the action of syngeneic 
DNA, was established by detailed classification of induced aberrations. In both eases, isochrom- 
atide breaks were found of greatest predominance. 

O u r  p r e c e d i n g  r e p o r t s  (~LOTOV-~ a n d  KAI~PFEL 1968, 1969) h a v e  b r o u g h t  
a n  e v i d e n c e  on  f a v o r a b l e  e f fec t  o f  e x o g e n o u s  D N A  o f  s y n g e n e i c  o r i g i n  on  
t h e  r e p a i r  p r o c e s s e s  o c c u r r i n g  in  m e r i s t e m a t i c  ce l l s  o f  Vic ia  f a b a  p r i m a r y  
r o o t s  a f t e r  t r e a t m e n t s  w i t h  v a r i o u s  m u t a g e n s  o f  p h y s i c a l  a n d  c h e m i c a l  
n a t u r e .  H o w e v e r ,  in  t h e  case  o f  c h e m o m u t a g e n s  a c t i o n  a r e p a i r  e f fec t  o f  
s y n g e n e i c  D N A  w a s  v a r i o u s l y  e x h i b i t e d .  

I t  h a s  b e e n  s h o w n  t h a t  i t s  p a r t i c i p a t i o n  in  t h e  r e p a i r  p r o c e s s e s  is p r o b a b l y  
c o n d i t i o n e d  b y  a m e c h a n i s m  o f  t h e  a c t i o n  o f  a c t i n g  agens .  W h i l e  in  t h e  ease  
o f  b i -  a l k y l a t i n g  s u b s t a n c e  Y p e n y l  (~LOTOV.~ a n d  KARPFEL 1969),  a re-  
p a r a t i o n  o f  i n j u r e d  c e l l u l a r  p o p u l a t i o n  w a s  s i g n i f i c a n t l y  a c c e l e r a t e d  b y  
s y n g e n e i c  D N A ;  i t  w a s  e f fec t l e s s  in  t h e  case  o f  t h e  use  o f  m a l e i e  h y d r a z i d e  
r a d i o m i m e t i c s  (~LOTOVA et al. 1971). O n  t h e  b a s i s  o f  m e n t i o n e d  f i n d i n g s  i t  
m a y  b e  s u p p o s e d  t h a t  s y n g e n e i c  D N A  is e m p l o y e d  o n l y  in  t h e  cases  w h e n  
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an acting chemomutagen immediately interferes with the synthesis of 
recipient's DNA. Presented report completes our earlier results with eva- 
luation of the action of exogenous DNA on the course of reparation followed 
at the same experimental material, the meristematic cells of Vicia faba 
primary roots, after the action of ethyl methanesulphonate, monofunctional 
alkylating derivative. Attention was focused predominantly to time-course 
of alternations in mitotic activity of investigated cellular population and 
to a dynamics of formation of postmetaphase chromosomal aberrations. 
Furthermore, we were interested in detailed interchromosomal distribution 
of induced damages; their analyses in the metaphase chromosomes were 
also made. 

Material and Methods 

As a n  e x p e r i m e n t a l  mater ia l ,  t h e  m e r i s t e m a t i c  cells o f  Viciafaba pr ima l  T roo t s  (cv. PovA~sk~" 
used  a t  t he  6 th  d a y  af te r  g e r m i n a t i o n  accord ing  to GRA~- a n d  SCHOLES 1951) were employed .  

E t h y l  m e t h a n e s u l p h o n a t e  (EMS) ( K o c h - L i g h t  Labora to r i e s  L td . ,  Colnbrook,  Bucks . ,  E n g l a n d )  
was  u sed  in S6rensen  p h o s p h a t e  buffer  (0.017 M at  p H  7-0, concen t r a t i on  a t  100 m m o l  1-1). 

R a d i o m i m e t i c s  ac t ion  las ted  for 1, 2, 4 h:  a recovery  requi red  16, 24 a n d  48 h per iods  a n d  was 
car r ied  ou t  b o t h  in t ap  wa t e r  a n d  so lu t ion  of  syngene ie  D N A .  

Syngene ic  D N A  isolated f rom Vicia faba cv. PovA~sk3"~ roots  was  ob ta ined  accord ing  to the  
m e t h o d  of  KNJGHT (1952). The  D N A  p repa ra t i ons  c o n t a m i n e d  w i th  no t  more  t h a n  1% of  R N A  
a n d  0 .7% of  p ro te ins  was  used  a t  concen t r a t i on  of 10 [zg m1-1 0.01 M NaCl and  was  of  n a t i v e  
charac te r .  

Af t e r  EMS ac t ion  a n d  af te r  a n  app rop r i a t e  recovery  Vicia faba roo t  t ips  were f ixed a n d  
s q u a s h  slides s t a i ne d  b y  F eu l gen  m e t h o d  were prepared .  Mitot ic  a c t i v i t y  of  s t u d i e d  cellular  
popu la t ion ,  expressed  by  t he  va lues  o f  mi to t i c  index  (MI des igna te s  per  cen t  pa r t  of  d iv id ing  
cells) as  well as f r equency  of  c h r o m o s o m a l  abe r r a t i ons  in t he  me t a -  a n d  p o s t m e t a p h a s e s  (ana-  and  
te lophases) ,  were eva lua ted .  C oncomi t an t l y ,  a d i s t r ibu t ion  of  i nduced  abno rma l i t i e s  be tween  
g r o u p s  o f  largo a n d  smal l  Vicia faba c h r o m o s o m e s  was  also es tab l i shed .  I n  m e t a p h a s e  ch romo-  
somes  (i.e. af te r  2 h t r e a t m e n t  wi th  0"05% colchicine solut ion) a n  ana lys i s  o f  a t y p e  o f  i n ju ry  
induced  by  t he  ac t ion  of EMS in Vicia faba c h r o m o s o m e s  was  pe r fo rmed  as well. 

A n  e v a l u a t i o n  was  m a d e  in the  s imi lar  w a y  used  in our  earlier c o n t r i b u t i o n s  (~LOTOVA a n d  
KARPFEL 1968 a n d  others) .  

All e x p e r i m e n t s  were carr ied  ou t  a t  20 ~ a n d  were r epea ted  a n d  s t a t i s t i ca l ly  eva lua t ed .  

Results 

I.  The  Chan9cs  of Mitotic Aetivity of Meris temat ie  Cells After  t h e  Act ion  of Alky la t in  9 A9ens  

This group of experiments brings evaluation of the changes in mitotic 
activity of meristematic cells population induced by differently lasting 
treatments of EMS at concentration 100 mmol 1-1 (1, 2, 4 h). Observed 
changes expressed by mitotic index values in dependence partly on duration 
of the recovery (16, 24, 48 h) and partly on its type (water, syngeneic DNA 
resp.) are given at Fig. 1. It  is obvious that due to EMS action a decrease 
of number of dividing cells in the studied population occurs. Such an in- 
hibition is proportionally dependent on a duration of treatments with radio- 
mimetics usage. During the course of recovery, a gradual regeneration of 
cellular division occurs, as shown by relative increase of mitotic index values. 
I t  is also demonstrated at Fig. 1 that a transport of (by EMS) damaged roots 
into syngeneic DNA solution of 10 ~g m1-1 concentration leads to a more 
rapid repair of cellular division in all time intervals tested 
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TABLE 1 

EI~FECT OF SYNGENEIC D N A  on the In te rch romosomal  Dis t r ibut ion of Aberra t ions  after  Variously 
Last ing Action of EMS at  Concentrat ion 100 mmol  1-1. 

Dura t ion  
of EMS action 

[h] 

Type 
of recovery 

24 h 

water  
DNA 

water  
DNA 

w a t e r  
D N A  

N u m b e r  of damages  
in group of large 

chromosomes  
M 

22 
45 

28 
51 

19 
37 

N u m b e r  of damages  
in group of  small 

chromosomes 
m 

78 
57 

95 
68 

69 
52 

Rat io  
of the  damages 

21//:m 

1 : 3.54 
1 : 1.26 

I : 3.39 
I : 1.33 

I : 3 . 6 3  
1 : 1 . 4 0  

2.  T h e  F r e q u e n e y  of  P o s t m e t a p h a s e  C l ~ r o m o s o m a l  A b e r r a t i o n s  

An incidence of postmetaphase aberrations (i.e. ana- and telophase ones) 
was determined in different t ime intervals (16, 24, 48 h) after 1, 2, and 4 h 
t rea tments  with 100 mmol 1-1 EMS solution. As illustrated at Fig. 2, the 
longer lasting EMS action on Vicia faba roots, the higher frequency of the 
cells with damaged chromosomes is observed. At Fig. 2 t ime dependence 
of the action of tested chemomutagens is also given; with a progress in the 
recovery, per cent of the damage is lowered. In  the case of damaged roots 
reparation performed in syngeneie DNA solution (10 ~g ml-1), a lower 
incidence of chromosomal aberrations was received in all experimental 
groups. Thus, it is clear tha t  a significant reparative effect of the DNA of 
syngeneie origin .is exhibited. 

1 1i i 
c o n t r o l  1 2 4 I 2 4 t 2 4 

T R E A T M E N T  [ h i  

16 24  48  
R E C O V E R Y  [ h 3  

Fig. 1. Effect of exogenous D N A  of syngeneie origin on the changes of mitot ic  act ivi ty  of  Vicia 
faba meris temat ic  cells induced by  var iously  last ing EMS action. Abscissa: dura t ion  of  EMS 
action given [h]; t ime interval  of  recovery [hi. Ordinate:  mitot ic  index (MI)  values. Controls; open 
columns -- recovery in water ,  black columns -- recovery in the  syngeneic DNA. 
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3. In terehromosomal  Distribution of Aberrations 

In  the meristematic cells of Vicia faba a distribution of induced abnor- 
malities among groups of large and small chromosomes of Vicia faba (per- 
formed similarly after 1, 2, and 4 h. of EMS action at 100 mmol 1-1 con- 
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Fig.  2. Dependence  of f requency  of  c h rom os om a l  a b e r r a t m n s  induced  b y  1, 2 a n d  4 h t r e a t m e n t  
w i t h  EMS u p o n  d u r a t i o n  a n d  t y p e  of the  recovery .  Abscissa :  d u r a t i o n  of  EMS t r e a t m e n t  [h]; 
t i m e  i n t e r v a l  of r ecovery  [h]. Ord ina te :  per  cen t  of p o s t m e t a p h a s e  ch romosome  a b e r r a t i o n s  (Ab). 
Controls ;  open  co lumns  -- r ecovery  in wate r ,  b l ack  co lumns  -- r ecovery  in the  syngene ie  DNA.  

centration and after 24 h recovery in water, or in syngeneic DNA at 10 ~g m1-1 
resp.) was examined. For these purposes, mitotic division of the population 
was discontinued in the metaphases using a t reatment  with 0.05% colchicine 
solution applicated in the latter 2 h of an appropriate time interval. Obtained 
results are summarized in Table 2 indicating an increased sensitivity of small 
chromosomes of Vicia faba against EMS. Reparative effect of syngeneic 
DNA was also manifested, predominantly in the same chromosomal group. 
This is understood in the small chromosomes where an application of mention- 
ed biomacromolecule leads to a substantial decrease of incidence of aber- 
rations. 
4. Classification of a Type of Induced Aberrations 

Latest  experimental group was devoted to determining an incidence of 
chromatide aberrations or of chromosome ones respectively, in the meriste- 
marie cells induced by EMS. Induced aberrations were randomly of chrom- 
atide type, similarly as in the case of the most of chemomutagens. Per cent 
expression of representation of individual aberration types is illustrated at 
Fig. 3. Isochromatide breaks (B") greatly predominate; free chromatide 
breaks (B')are found less often. As shown later on at Fig. 3, syngeneic DNA 
exogenously applicated does not affect a relative appearance of individual 
types of chromosomal aberrations in the meristematic ceils of Vicia faba 
damaged by EMS. 
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Discuss ion  

Our preceding reports have brought an evidence on the ability of exogenous 
DNA of syngeneic origin to affect favorably the repair processes of the cells 
injured by  mutagen of physical nature -- by  ionizing radiation (SLOTOVi 
and KARPFEL 1968) as well as by  a chemical mutagen -- bifunctional al- 
kylating substance Ypenyl (~LOTOVA and KARPrEL 1969). Presented con- 
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Fig. 3. Effect of syngeneic D N A  on the type of aberra t ions  induced by EMS. Abscissa: type of 
aberra t ions  -- B"  -- isochromatide breaks,  D D  - -  duplication-deletions, D -- intercalary de- 
lotions, B' -- chromat ide breaks,  T '  -- chromat ide translocations.  Ordinate:  per  cent representa- 
t ion of individual types  of aberrat ions.  Open columns -- recovery in water ,  black columns - 
recovery in the syngeneic DNA. 
Fig. 4. Rate  of repair effect of syngeneie DNA [% ] after the action of monoalkyla t ion (EMS) 
and bialkylation (Ypenyl) substance.  Abscissa: t ime interval  of recovery [h]. Ordinate:  per cent 
increase of mitotic act ivi ty (MI) ,  or a decrease of frequency of induced aberra t ions  ( A b )  resp.,  
influenced by  syngeneic DNA (10 tzg ml--1). 

t r ibution is aimed to continuation and evaluates a participation of syngeneic 
DNA in the repair processes of meristematie cells of Vicia faba injured by  
monofunctional alkylating substance ethyl methanesulphonate (EMS). 

I t  has been already demonstrated by  LOVELESS (1951) that  monofunctional 
derivatives of alkylating substances may induce aberrations in the chromo- 
somes of Vicia faba, not distinguishable from injuries induced by  bi-functional 
analogons. However,  it has been shown by  further cytogenetie studies made 
with monofunctional alkylating substances that  their activities are limited 
by  certain concentration range. For example, according to I~IEGER and 
MICHAELIS findings (1960), long lasting EMS exposures are effective only 
at higher concentrations convergating to a treshold value over which a com- 
plete break of cellular division occurs. On the basis of these results, con- 
centration of EMS adjusted at 100 mmol 1-1 was considered as the most 
suitable. I t  was demonstrated tha t  a remarkable depression of cellular 
division accompanied by  a formation of chromosomal aberrations, mostly 
of chromatide type,  occurs in the meristematic cells of Vicia faba roots in 
dependence on the duration of the t rea tment  with mentioned chemomutagen 
solution and the duration of the recovery. The damages which arose are 
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localized mainly in small Vicia faba chromosomes, probably in their hetero- 
chromatine segments. During the course of recovery, partially spontaneous 
reparation of induced damage occurs (cf. Figs. 1 and 2). In the case of (by 
EMS) damaged roots cultivated in a solution of exogenous DNA of syngeneic 
origin, a significant strenghthening of reparation occurs: already in the early 
interval of the recovery, an increased incidence of cellular division accom- 
panied with concomitant decrease of microscopically detectable injuries 
of the chromosomes may be observed. It  is therefore apparent that  also in 
this case, syngeneic macromolecule of DNA actively participates in the 
repair processes. Fig. 4 represents relative repair effect of syngeneic DNA 
in the meristematic cells of Vicia faba affected by monofunctional alkylating 
chemomutagen (EMS) comparing it with a bi-functional agens Ypenyl. 
I t  is pointed out that, at reparation of mitotic activity, maximal effect is 
achieved in 16 h interval of the recovery, regardless to a number of functional 
groups of the chemomutagen used. From chromosomal damages evaluations 
it follows that with continuing recovery, reparative effect of syngeneic 
DNA is evaluated; at the same time, it is obvious that higher per cent of 
reparation (or recovery resp.) is reached in the case of the action of bi- 
functional alkylating agens. 

I f  our experimental results are taken into account we may suppose that 
an employment of syngeneic DNA in the injured cells of the recipient occurs 
during the course of synthetic phase of cellular cycle. It  is known from reports 
of numerous authors (REVELL 1953, EVANS and SCOTT 1964, LOVELESS 1966 
and others) that an alkylaging substance in biological systems may generally 
react with nucleophillic centers, as with proteins or nucleic acids respectively 
(centres rich of electrones). Direct alkylation of DNA is considered to be 
one of the main causes of induction of chromosomal aberrations by alkylating 
substances. In mentioned macromolecule, an alkylation of primary phos- 
phate- and aminogroups occurs. Two processes may lead to the formation 
of chromosomal aberrations: deletion of alkylated bases, predominantly 
of 7-alkylguanine (LAwLEu and BROOKES 1963) and a cleavage of deoxyribo- 
phosphate linkages directed to a break of fundamental chain of the DNA 
(LET~ et al. 1962). In the case of EMS, mostly phosphate groups (ALEXANDER 
1962) are alkylated with concomitant slow re-alkylation of the bases. How- 
ever, at the induction of chromosomal aberrations in cellular population, 
also co-participation of additional toxical effects which may influence 
"rejoining" system, or survival respectively, is not possible to exclude. 
Under presumption that Vicia faba metabolism has a partia| ability to 
repair injuries caused by alkylations, we may suppose that such a process 
is significantly stimulated by exogenously applicated syngeneic DNA. 
Presented results enable conclusions with a statement that  the mentioned 
biomacromolecule participates itself in the process of reparation, most 
probably during the course of own DNA synthesis. 
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V pr~ci byl testov~n vliv exogenni DNK syngenniho pflvodu na prflb~h zotavenl meristema- 
tick~rch bun~k prims ketene V i c i a  f a b a  pc pflsobenl monofunk6nfl~o alkylaSnlho agens -- 
ethylmethansulfons (EMS). Hodnocen byl 6asov~ prflb~h zmSn mitotick6 aktivity studovan6 
bun~6n~ populace a dynamika tvorby postmetafs chromosomov:?ch aberaci. V:~sledky 
uks ~e syngenni DNK v:~znamn6 napoms roparaci pow bun~k; jejl aplikaee 
vyvolala zv~w v:~skyt bun66n6ho d~lenl ji~ v ran~eh intervalech zotaveni, doprovs 
sou6asn~-m sni~onlm mikroskopieky zachytiteln:~ch ehromosoms poruch. Studium loka- 
lisace indukovak:~ch pow v metafs ehromosomoch upozornilo na zv:~enou sensi- 
tivitu mal~rch chromosomfi V i c i a  f a b a  vd6i EMS. R o v n ~  reparativni d6inek syngennl DNK 
se projevil p~'ednostn~ v t6~e chromosoms skupin~, a to v:~znamn~'m sni~en~m frekvence 
aberacfl Podrobnou klasifikacl indukovau:~ch aberacl bylo stanoveno procentus zastoupenl 
jednotliv:~-ch druhfl, kter~ nebylo pdsobenim syngerml DNK nijak ovlivn~no. Uks se, ~e 
v obou p~ipadech nejv~tw p~evahu m~ly isochromatidov~ zlomy. 


