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chemical  modif icat ions  of the  s t ructure ,  since such 
modif icat ions,  even  in the  collagens of organisms sub jec ted  
to  env i ronmen ta l  stress, have  long been  recognized 9. 
Recen t ly  TRELSTAD 10 and  HAY n have  descr ibed 4 dif- 
fe rent  molecular  species of collagens which  represen t  dif- 
fe ren t  s t ruc tu ra l  gone products ,  I t  s t ands  to  reason 
therefore  t h a t  t he  'loss of t rophic  influence '  in the  
c remas te r  muscle due to  60-day-chronic- t ransec t ion  of 
the  nerve  br ings for th  the  q u a n t i t a t i v e  and  qua l i t a t ive  
changes  in the  collagens, which  imply  the  i m p a i r m e n t  of 
the  act ion of specific s t ruc tu ra l  genes ~2. 

Summary. Denerva t ion  of geni tofemoral is  in the  b o n n e t  
m o n k e y  for 60 days  resul ted  in a s ignif icant  increase in 
neu t ra l  salt-soluble,  alkali-soluble and insoluble collagens 
as well as glycoproteins .  The hydroxypro l ine  con t en t  of 
t he  sal t-soluble and  insoluble collagens in t h e  muscle  in- 

creased on denerva t ion .  These changes  are discussed to 
imply  the  i m p a i r m e n t  of t he  act ion of specific s t ruc tu ra l  
genes. 

R. g .  KRISHNAMOORTHY, K. SRIHARI 
and H. RAHAMAN 12 

Department o/ Zoology, 
University o[ Agricultural Sciences, 
Hebbal, Bangalore-560024 (India), 4 June 7975. 

9 K. H. GUSTAVSON, The Chemistry and Reactivity o] Collagen 
(Academic Press, New York 1956). 

10 R. g. TRELSTAD, J. Histochem. Cytochem. 2J, 521 (1973). 
11 E. D. HAY, Am. Zool. 13, 1085 (1973). 
12 We thank Dr. R. NARAYANA, DI BSH for encouragement. One of 

us (H. R.) is grateful to the CSIR, New Delhi for the award of 
Senior Research Fellowship. 

M u t a g e n i c  Effect  of E t h i o n i n e  on  Candida lipolytica 

Ethion ine ,  t he  s t ruc tu ra l  analogue of meth ionine ,  was  
f irs t  syn thes ized  by  DYER in 19381 and  was shown to  be 
d e t r i m e n t a l  to  rats ,  and  la te r  b y  o ther  workers,  to  m a n y  
microorganisms  at  a level of abou t  2 mg per  ml. I t s  
effects,  as so far known,  is t h a t  i t  can compe te  wi th  
me th ion ine  for enzyme-b ind ing  sites and  t h e r e b y  inter-  
fere wi th  me th ion ine  metabol i sm.  Regu la to ry  m u t a n t s  
of microorganisms  have  been  ob ta ined  wi th  res is tance  
to  e th ionine  which  overproduce  meth ion ine  2-4. Dur ing  
our  a t t e m p t s  to  isolate e th ionine  res i s t an t  s t ra ins  of 
Candida lipolytica, we observed  t h a t  e th ionine  itself can  
induce mu ta t i ons  in th is  organism to auxo t rophy ,  mor-  
phological  var ia t ion  and  poss ibly  res i s t an t  to the  analogue 
itself. 

Table I. Effect of UV-irradiation on survival and ethionine resistance 
in Candida lipolytica 

UV-dose Survivors Frequency ot ethionine resistant 
(rain) ( % ) strains ( • 10 -4) 

3 days 6 days 

0 100 0 0.178 
2 100 0.355 0.550 
4 6.980 0.822 1.031 
6 0.021 -- -- 
8 0.003 6.950 8.130 

Table II. Effect of ethionine on survival and mutagenesis in Candida 
lipolytica 

Ethionine Survivors Petitecolonies Auxotrophs 
concentration (%) ( X 10 -4) (%) 
(mg/ml) 

E th ion ine  mutagenes i s  in th is  case was  suspected  when  
UV-i r rad ia t ion  was employed  to mutagen ize  the  cul ture  
for isolat ion of e th ion ine- res i s t an t  strains.  T h e  non-  
i r rad ia ted  contro l  samples  of the  cul ture  when p la ted  out  
on e th ionine  began  to  show not  only  the  morphological  
var ia t ions  b u t  also a s ignif icant  n u m b e r  of e th ionine-  
res i s t an t  colonies. The following procedure  was ad o p t ed :  
5 ml  celt suspension of C. lipolytica, conta in ing  a b o u t  105 
ceils per  ml f rom exponen t i a l  g rowth  phase,  was i r rad ia ted  
wi th  U V  of 10 Ergs  per  m m  2 per  sec for different  per iods  
of t ime ranging  f rom zero (control) to  8 rain in open pe t r i  
dishes. Af te r  overn igh t  refr igerat ion,  the  cul tures were 
p la ted  ou t  on ma l t  agar  con ta in ing  10 mg DL-ethionine 
(Koch L igh t  Labs.  Ltd.)  pe r  ml. They  were also separa te ly  
p la t ed  ou t  w i t h o u t  e th ion ine  for viable  count .  All t he  
p la tes  were incuba ted  a t  30 ~ 

The inac t iva t ion  of cells due to  UV and the  corre- 
sponding  e th ion ine- res i s t an t  m u t a n t s  among  the  survivor  
can be discerned f rom d a t a  in Table I. The e th ionine  
p la tes  were observed for colonies and  da t a  are p resen ted  
for observa t ions  made  on the  3rd and  6th days  of incuba-  
t ion.  The control  w i t h o u t  UV-i r radia t ion  showed no 
e th ionine  res i s t an t  colonies on the  3rd day, bu t  on the  
6th day  t h e y  were seen a t  a f r equency  of 0.178 • 10 -4. 
In  the  i r rad ia ted  samples,  e th ionine  res i s tan t  colonies 
were observed on the  3rd d a y  itself, bu t  in all cases a 
s ignif icant  increase in the i r  f requency  was recorded on 
the  6th day.  All the  e th ionine  plates,  b o t h  UV- i r rad ia ted  
and  non- i r rad ia ted  showed  morphological  va r i an t s  of 
wrinkled,  pe t i t e  and  coloured colonies. 

The UV- induced  e th ionine  res is tance  is clearly ev iden t  
b y  i ts  p ropor t iona l i ty  to  UV-dose  (Table I). However ,  
t he  emergence  of e th ionine  res i s t an t  colonies in t he  case 
of non- i r rad ia ted  cont ro l  cul ture  over  prolonged incuba-  
t ion,  as well as the  occurrence of morphological  var ian ts ,  
could no t  be sa t i s fac tor i ly  explained.  I t  was probable  
t h a t  these  m u t a t i o n s  were  caused b y  e thionine  itself a f ter  
prolonged periods of co n t ac t  wi th  the  ceils. 

0 100 0 0 
1 66.6 0.6 0 
2 59.2 4.0 0 
4 48.1 7.0 0 
8 7.4 8.5 1.8 

12 3.7 9.8 1.0 
16 3.7 9.0 2.0 
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Gradient plating of Candida lipolytica on ethionine after 10 days 
incubation at 30~ A few types of colony variants can be seen. 
Arrow indicates a rough colony variant. 

In  order  to s t u d y  the  effect  of e th ionine  alone on the  
cells, ac t ively  growing cul ture was t r ea ted  wi th  e th ionine  
as follows: 4 ml of min imal  salts  med ium (K~HPO4 0.7% ; 
NH4C 1 o/ �9 0.5/0,  MgSO4 7H20 0.02% ; NaCt 0.01% and  
glucose 1.0%) conta in ing  di f ferent  levels of e th ionine  
ranging  f rom zero (control) to 16 mg/ml  in broad  t e s t  
tubes  was inocula ted  wi th  0.5 ml cell suspension f rom 
exponen t i a l  g rowth  phase  conta in ing  10 s cells/ml. The 
tubes  were f ixed a t  an angle of 45 ~ and ag i t a ted  in a 
rec iproca tory  shaker  a t  30 ~ for 4 days.  I t  has  previous ly  
been  observed  t h a t  in the  presence of even low levels of 
e th ionine  (i.e., 1 mg/ml)  the  cul ture  showed a g rowth  lag 
of abou t  4 days  and  the  cells which grew af ter  this  per iod 
were ent i re ly  r e s i s t an t  to inh ib i to ry  levels (i.e., 10 mg/ml) 
of e thionine.  Hence,  af ter  4 days  of incubat ion ,  when  the  
g rowth  was no t  ye t  ev iden t  in the  above tubes,  the  cells 
were washed  twice wi th  physiological  saline and p la t ed  
out  on ma l t  agar  for viable coun t  and obse rva t ion  of 
mu tan t s .  A u x o t r o p h y  was scored by  p lo t t ing  the  colonies 
on min imal  salts  and mal t  agar  media.  I t  could be seen 

f rom da ta  in Table  I I  t h a t  cell inac t iva t ion  was p ropor -  
t ional  to e th ionine  concen t ra t ion .  I t  could be fu r the r  
seen t h a t  b o t h  pe t i t e  colonies and auxo t rophs  were 
scored only  for the  e th ionine  t r e a t ed  cells, the i r  f requen-  
cies in b o t h  cases being p ropor t iona l  to  e th ionine  con- 
cent ra t ion .  A u x o t r o p h s  were, however ,  found  only  in 
those  cul tures t r e a t ed  wi th  et t l ionine a t  concen t ra t ion  
h igher  t h a n  8 mg/ml .  Al though  a n u m b e r  of var ious  o the r  
types  of colony va r i an t s  were  observed on the  e th ionine  
pla tes  (Figure) or in the  e th ionine  t r ea t ed  cultures,  for 
convenience  of coun t ing  only  the  pe t i t e  colonies were 
considered.  

The above observa t ions  ind ica ted  t h a t  e thionine  was 
mutagen ic  to Candida lipolytica, when  to be in co n t ac t  
wi th  the  cells for a fair ly long per iod of 4 days.  Most  
convent iona l  chemical  m u t a g e n s  such as mus ta rds ,  
a lkane sulphonic  esters  etc. have ,  however ,  been known  
to be mutagen ic  a t  no rma l  dose levels b y  very  m u c h  
shor te r  dura t ions  of con tac t  w i th  the  microbia l  cells. 
Several  factors  such as possible  chemical  change in 
ethionine,  permeabi l i ty ,  si te of in te rac t ion  wi th  the  cell, 
cellular componen t s  etc., will be of in te res t  for u n d e r s t a n d -  
ing the  mechan i sm of e th ion ine  mutagenes i s  in th is  
sys tem.  

Summary. Ethionine ,  was found  to  induce auxo t roph ic  
and pe t i t e  colony va r i an t s  in Candida lipolytica af ter  
prolonged con tac t  w i th  the  cells. 
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Effects  of Magnet i c  Fie ld on I n f l a m m a t i o n  

T r e a t m e n t  of some rheumat ic  and i n f l a m m a t o r y  
diseases by  magne t ic  fields is common  in J a p a n  as a 
home the rapy .  A series of exper iments  on the  biological 
effects of magne t ic  fields have  been done main ly  in the  
Soviet  Union.  These were summar ized  in two recen t  
monographs  1,2. I t  was po in ted  out  t h a t  magne t ic  fields 
had  some influence on inf lammat ion .  Bu t  the  ant i -  
i n f l a m m a t o r y  effects  of magnet ic  fields has  no t  been 
assessed in the  usual  exper imenta l  modes  widely  used. We  

Table I. Effects of magnetic field on carrageenan edema in rats 

Time after earrageenan 
injection (h) 

Increase ill paw volume (% • SE) �9 

Control hi magnetic field 

1 37.0 i 2.8 24.5 • 2.6 b 
2 42.5 :j- 3.6 34.6 • 2.4 
4 66.4 • 4.1 48.9 i 2.1 b 
6 65.1 • 3.0 43.8 • 2.7 b 

.~Average values for 14 animals, bp < 0.01 in relation to control. 

t es ted  the  effects of a magne t i c  field on car rageenan  
edema and  ad j u v an t - i n d u ced  ar thr i t i s  in rats.  

Carrageenan edema  tes t :  r a n d o m - b r e d  male  ra ts  of 
t he  Wis ta r  s t ra in  weighing a b o u t  160 g were used. They  
were housed  in 2 cages, and  fed wi th  t he  same food and  
runn ing  water ,  in a l abo ra to ry  a t  a t e m p e r a t u r e  of 20 ~ 
The animals  in each cage were  d iv ided  jus t  before t he  
exper iments  into 2 groups,  one for the  magnet ic  t r e a t m e n t  
and  the  o ther  for controls .  A 0.1 ml  of 1 ~o ca r rageenan  
(Viscarine 402) suspension in saline was in jec ted  in the  
subp lan ta r  region of the  left h indpaw.  The vo lume of t he  
left h i n d p aw  was measured  before and  1, 2, 4 and 6 h 
af ter  the  car rageenan  in jec t ion  according to VAN ARMAN 
et al. 3. 

A d j u v an t - i n d u ced  a r th r i t i s :  r a n d o m - b r e d  male ra t s  
of the  Sprague-Dawley  s t ra in  aged f rom 8 to  10 weeks 
and weighing abou t  220 g were used. The m e t h o d  of 
feeding and  grouping of the  animals  were as descr ibed  
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