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Neben der  Best~tigung unserer im Phasenmikroskop 
erhobenen Befunde haben somit  diese Untersuchungen 
gezeigt, daI3 dutch  die ktinstLiche Schwellung in destil-  
l ier tem Wasser  mit tels  des Elekt ronenmikroskops  Be- 
funde erhoben werden k6nnen, die an nichtgeschwellten, 
kompakten  K6rpern eventuell  nicht  s ichtbar  sind. 

K. MUHLETHALER, A . F .  MOLLER und H. U. ZOLLINGER 

Pflanzenphysiologisches In s t i t u t  der  ETH. ,  Physio-  
logisch-chemisches und Pathologisches In s t i t u t  der  
Universit~it Ziirich, den 1. Oktober  1949. 

Summary 

I t  is shown tha t  mi tochondr i a  suspended in distil led 
water  are par t i cu la r ly  well adap ted  to electron-micros- 
copic examinat ion,  since the  membrane  can be loosened 
from the  mi tochondr ia l  body  by  this  method.  The 
membrane  is composed of shor t  prote in  fibrils and 
globular  protein  molecules, and has a thickness of 
approx imate ly  200 A. The body  cannot  be further  
i l luminated,  bu t  par t s  of the  per iphery  show tha t  the  
protein  is here much more compact .  I t  is assumed tha t  
this  is dependent  upon i ts  l ipoid contents .  

SH Poisoning and Mutation 

BACQ x includes mus ta rd  gas in his l ist  of "substances 
thioloprives" ,  t h a t  is of substances whose toxic effects  
are caused p r imar i ly  b y  act ion on - S H  groups. Brit ish 
workers s, a l though recognizing an act ion of mus ta rd  gas 
on - S H  groups, nevertheless consider t ha t  this  is not  its 
main-effect,  and  find t ha t  i t  does not  in general affect 
- S H  enzymes. I t  is, however, ex t remely  effective in i ts 
act ion on one par t icu la r  - S H  enzyme, hexokinase, and 
on a number  of re la ted  phosphate  t ransferr ing - S H  
enzymes, the  so-called phosphokinases.  These are readi ly 
inac t iva ted  b y  small  amounts  of mus ta rd  gas. Lewisite, 
like o ther  arsenical  vesicants,  reacts  strongly,  bu t  re. 
versibly, wi th  - S H  groups, including those of hexo- 
kinase. The observat ion t h a t  lewisite does, not  like 
mus ta rd  gas, produce muta t ions  in Drosophila s suggests 
t ha t  nei ther  - S H  poisoning in general,  nor phospho- 
kinase inhibi t ion in par t i cu la r  are the  p r imary  cause of 
the  mutagenic  act ion of mus ta rd  gas. I n  view of the  
somewhat  except ional  posi t ion of the  arsenicals, con- 
f i rmat ion with  a typ ica l  - S H  poison and inhibi tor  of 
phosphokinases seemed desirable. Chloropicrin was 
chosen because, together  wi th  bromopicrin,  i t  heads the  
list  of - S H  poisons arranged by  BACQ x in order of 
efficiency. According to  BAcQ I, N/100 chloropicrin a t  
37°C des t roys  50% of a l l - S H  groups in dena tured  
ova lbumen in less t han  one minute,  i t  blocks i r revers ibly 
the  masked - S H  groups in na t ive  ovalbumen,  and  i t  
rap id ly  inact iva tes  papaine.  No exper iments  wi th  hexo- 
kinase or  o ther  phosphokinases are repor ted;  bu t  i t  
seems very  p r o b a b l e - - a n d  is assumed also by  B A c ~  
tha t  phosphokinases  will be inac t iva ted  by  chloropicrin. 

T h r e e  series of tes ts  were carried out.  In  the  first  
young males of Drosophila metanogas~r were kep t  in an 
exsiccator  toge ther  wi th  a small  open dish of chloro- 
picrin. The longest  exposure to lera ted  b y  a minor i ty  of 
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t h e  flies was three minutes.  A tes t  for sex-linked l e tha~  
was carr ied ou t  on the survivors from exposures for 2, 
21/s a n d  3 minutes:  only 1 lethal was found in 1318X- 
chromosomes. As the  period of exposure  may  have been 
too short  to ensure penetra t ion to the chromosomes of 
the germ cells, a second series of tests was carried ou t  in 
such a way tha t  exposures could be prolonged to a t  least  
5 minutes,  a t ime which is amply  sufficient for the  
product ion of muta t ions  by  mustard  gas. The flies were 
exposed to  air  which had passed through a mixture  of 
chloropicrin and liquid paraffin. By altering the pro- 
port ion of the two fluids, the tolerance threshold of 
exposure could be shifted a t  will. In  all tests, the dose 
was near  t he  threshold of tolerance and lethal to a 
propor t ion  of the  males. Only 2 sex-linked lethals were 
found in 463 chromosomes from males which had  been 
exposed for periods from 6 to 9 minutes.  The results of 
these two series confirm the findings with lewisite and 
show tha t  - S H  poisoning does not  produce mutat ions in 
mature  sperm. 

Frequency of sex.linked lethals in successive broods of males aft~ 
treatment with 

Brood 

1 
2 
3 
4 

T o . i  

(A) Chloropicrin 

No. tested lethais 
chromosomes No. % 

1226 4 0.3 
1206 1 0.1 
1205 0 0.0 
817 2 0.3 

4454 7 0.2 

(B) Mustard Gas 

No. tested iethals 
chromosomes No. % 

465 10 3-9 
458 21 4.6 
386 36 9.3 
566 31 5.5 

1875 98 5.2 

I t  st i l l  seemed possible t ha t  inhibi t ion of enzymes, 
especial ly of phosphokinases,  might  affect the  chromo- 
somes in younger,  more act ively metabolizing and 
dividing germ cells. This,  in fact, has been suggested as a 
possible in terpre ta t ion  of the  observation tha t  the  male 
germ cells of DTosophila exhibi t  their  greatest  sensi t ivi ty  
to the  genetical  effects of mus ta rd  gas before they  have 
reached m a t u r i t y  I. In  order  to  tes t  this  possibility, a 
th i rd  series of tes ts  was carried out, using the  same 
method  as in the  second. After  t rea tment ,  the  males 
were given a succession of fresh virgin females eve ry  
3-4 days,  and lethals were scored separa te ly  in succes- 
sive broods representing germ cells of successlbly 
younger  ages a t  the  t ime of exposure. The Table presents  
the  pooled results of four such tests;  exposures we re  
given for periods of 5-7 minutes. For  comparison d a t a  
are  shown from a similar exper iment  with mus ta rd  gas. 

In  all  broods muta t ion  frequencies af ter  t r e a tmen t  
with chloropicrin are those usually found in un t rea ted  
l abora to ry  stocks. No lethal  a t  all was obtained in the  
th i rd  brood which, as shown in the  right half of theTable ,  
represents germ cells t rea ted  during their  most sensit ive 
stage to  mus ta rd  gas. All a t tempts ,  therefore, to  show a 
mutagenic  act ion o f - S H  poisoning have failed. More- 
over, if i t  can be assumed tha t  chloropicrin inact iva tes  
phosphokinases in vivo, these exper iments  suggest  t h a t  
phosphokinase inhibit ion is not  concerned in the  
product ion of muta t ions  by  mus ta rd  gas. C. AUERBACH 

Ins t i tu te  of Animal  Genetics, Univers i ty  of Edin-  
burgh, October  8, 1949. 
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Zusammen[assung 

Mitnnchen yon Drosophila rnelanogaster wurden 
subletalen Dosen yon Chloropikrindampf ausgesetzt. 
Die Behandlung war ohne mutagene Wirkung sowohl 
auf reife als auch auf unreife KeimzeUen. 

The Effect of Raphanin on the Colonies of 
Common Pathogenic  Fungi 

IvANovlcs  and HORVAT~ 1 produced in 1947 from the 
seed of radishes (Raphanus sativus), a thermostabile,  
water-soluble, syrup-like substance which has been 
termed raphanin. In a dilution of 1 in 20,000 the sub- 
stance inhibited the growth of a tissue culture made up of 
rabbi ts '  testicle;  its solution of 1 in 1,000 impeded the 
germinat ion of vegetable seeds. When applied as in 
HEATLEY'S ~ procedure it  inhibited, in areas of various 
diameter,  the growth of various gram-posi t ive and 
gram-negat ive bacteria. 10 mg administered intra- 
venously kills a mouse. 

IVXNOVlCS was of the opinion tha t  the substance 
might, despite its toxic effect on per os administrat ion,  
be occasionally applied to the skin in cases of dermato- 
mycoses. Therefore, we had to s tudy  the effect of 
raphanin in vitro, i.e., on the growth of such fungi as 
produce diseases in man .  

The fungi to be studied were selected so tha t  the main- 
groups responsible for the most  common mycotic  
diseases were represented (Trichophyton gypseum 
asteroides, Epidermophyton KAUFMANN-WoLY, Crypto- 
coccus hominis, Cryptococcus GILCHRIST, 21chorion 
GRUBY-SCH6NLEIN, Microsporon AUDOUIN, Nocardia 
boris). All the selected individuals were pathogenic 
strains derived from early clinical manifestations. 

The following culture media were employed:  malt  
soup (Wander 's malt  4.0 g, peptone 1.0 g, dist. water  up 
to 100 g); malt  agar (malt 4-0 g, peptone 1.0 g, agar 
1.8 g, dist. water  ad 100 g). 

The most  suitable form of medium seemed the 
oblique agar in test  tubes. Raphanin  was mixed with the 
medium before sterilization, whereby the fungi were 
exposed to a continuous and stable raphanin action. 
HEATLE¥'S original procedure was but  rarely applied. 
The procedure, consisting in placing a glass cylinder in 
the centre of the medium spread upon a flat plate, may 
give erroneous results because the solution escaping 
from the cylinder is unevenly diluted by the medium. 

The spores were placed on the medium with a pla t inum 
loop. The growth of all colonies inoculated onto mal t  
soup showed the following features:  the 1 to 2 weeks old 
colonies, both those swimming in the liquid and those 
forming a superficial membrane,  gradual ly decreased, 
proport ional ly with the increase of the raphanin con- 
centration. At a certain concentrat ion of raphanin no 
growth at  all took place. On the solid medium, the 
colonies of the same age were in an inverse proport ion to 
the concentrat ion of raphanin, and there was a raphanin 
concentrat ion at which the fungi failed to grow (Fig. 1). 
The raphanin concentrat ion which thoroughly inhibited 
the growth of the fungi was, by the fungi, 1 in 4,000 to 
1 in 100. 
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Trichophyton gypseum was cul t ivated in a plate by 
HEATLEY'S procedure. In  the centre there was a strip 
free of fungi. Close to this strip there was another  in 
which the concentrat ion of raphanin was the greatest.  
In  this area the fungi developed pleiomorphism. 

When Trichophyton gypseum and Penicillium glaucum 
grow beside each other  on a solid medium, the Tricho- 
phyton displays a greater  vital i ty,  which is mani- 
fested by its growing into the zone of the other and 
forming a concavi ty  in the marginal  zone of the 
Penicillium, where the growth of the la t ter  was inhibited 
by the Trichophyton. However,  such diluted solutions 
as e.g. i in 10,000 of raphanin suffice to change this 
relationship. The Trichophyton loses v i ta l i ty  under the 
effect of raphanin and becomes incapable of inhibit ing 
the growth of Penicillium. On the contrary,  the Peni- 
cillium will enter  into the colony of the  Trichophyton. 

1 : 1,000, 1:2,000, 1:3,000, K. 
Fig. 1.-  Epidermophyton I{AUFMANN-WOLF. 

In malt-soup microculture, high dilutions of raphanin 
(1 in 8-10,000) suffice to diminish the reproductiveness 
of Trichophyton gypseum asteroides. If the concentrat ion 
of raphanin is raised to 1 in 5,000 the inoculated spores 
remain unchanged. The substance inhibits their  growth 
in diluted solutions to a less degree, in more concentrated 
solutions thoroughly (Fig. 2). Generally, the thorough 
inhibit ion of growth requires more concentrated 
solutions of raphanin in the case of fungi than in the 
case of bacteria. 

IVJ~NOVlCS believes tha t  raphanin acts like other 
antibiotic drugs, i.e., i t  enters into a reaction with the 
- S H  radical existing in the bacterial  body. 

We observed tha t  those fungi exhibi t ing a more rapid 
development  needed, for the thorough inhibit ion of their  
growth, more concentra ted raphanin solutions than  
those developing slowly. 

FREY 1 claimed tha t  there  was a very  close correlation 
between the development  of the micro-organisms and 
the intensi ty  of their  oxidation. Probably  this correlation 
is t rue of the fungi also. I believe further  tha t  the 
converse also is t rue:  the decrease of development  may 
represent  an inhibition of oxidation. 

All the strains examined in the experiments  were, at  
the same t ime and with the same method,  inoculated 
separately on oblique malt  agar. One week later the 
tubes were arranged according to the intensi ty  of the 
growth of the inoculated fungi. In  this way an order of 
the strains was obtained which was identical  with the 
other  obtained by  arranging the strains according to the 
order of the raphanin concentrat ion needed for the 
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