
15.2. 1972 Specialia 239 

as the  h i s tochemica l  marker  d is t inguishing  th is  organel le  
or mic robody  such differences should be in t e rp re t ed  w i t h  
a cau t iona ry  note  ~7. 

Zusammen/assung. Mikrok6rperchen  mi t  E i n f a c h m e n -  
b r anen  wurden  bei 4 Tage a l ten  K o t y l e d o n e n  yon  Pisum 

sativum s tud ie r t  und  f i i r  e inen cy tochemischen  Kata lase-  
Test  e l ek t ronenmikroskop i sch  verwendet .  Das granul~re 
R e a k t i 0 n s p r o d u k t  aus dem 3, 3-d iamino-benzid in  Test  fiir 
Ka ta lase  wurde  ausschliessl ich in den E i n f a c h m e m b r a n e n  
der  Mikrok6rperchen  gefunden.  
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Poss ib i l i ty  of the  Use o f  S o m e  P h y s i c a l - G h e m i c a l  
m o n a s  a e r u g i n o s a  

Some phages  w i th  a wide spec t rum of effect iveness  
canno t  be d i f fe ren t ia ted  suff ic ient ly  by  means  of known  
cr i ter ia  (spect rum of phages  effect iveness,  e lec t ron micro-  
scopy, serological group etc.) used at  p resen t  1-5. In  our  
former  expe r imen t s  we ut i l ized the  inac t iva t ion  effect  of 
UV-and  X - r a y  radia t ion,  acr idine orange (AO) in darkness ,  
p h o t o d y n a m i c  inac t iva t ion  of AO, and  h y d r o x y l a m i n e  
for the  d i f fe ren t ia t ion  of a group of po lyva len t  s t aphy-  
lococcal phages,  and  we succeeded in t he  d i f fe ren t ia t ion  
of some po lyva len t  phages  by  means  of var ious  inact i -  
va t ion  effects of these  phys ica l -chemica l  agents  6-s. I n  
th is  s t u d y  we t r ied  to  use these  new tes ts  for the  d i f ferent i -  
a t ion  of phages  Pseudomonas aeruginosa. 

Material and methods. Bacte r iophages  Pseudomonas 
aeruginosa P573, P b  and 7S were mul t ip l ica ted  On hos t  
bac te r ia  PS  1 (phages P573) and PS  2 (phages P b  and  
7S). Bacter ia  were cu l t iva ted  on the  t r y p t o n e - y e a s t  
ex t r ac t  m e d i u m  (15 g t r y p t o n e  Oxoid, 7 g NaC1, 2 g 
yeas t  ex t r ac t  Oxoid;  for solid media  15 g of agar  per  
1000 ml of l iquid m e d i u m  were used). W h e n  p la t ing  the  
phages,  the  m e t h o d  of the  double- layer  agar  was used4. 

Irradiation o/phages with UV-light was carr ied ou t  in 
p h o s p h a t e  buffer.  For  i r rad ia t ion  a 15 W germicide  
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Fig. 1. Inactivation effect of UV-radiation Oil phages Pseudomonas 
aeruginosa P573, Pb and 7S. 

A g e n t s  for the  Dif ferent iat ion of P h a g e s  Pseudo-  

f luorescent  l amp Phi l ips  was  used. The dose-ra te  was 20 
e rgs / sec /mm 2. At  selected t ime  intervals ,  i r rad ia ted  phages  
were p la t ed  on Pe t r i  dishes  toge the r  w i t h  t he  cor respond-  
ing bac ter ia l  host .  For  X - r a y  i r rad ia t ion  the  Chaul 
appara tus ,  Mach le t t ' s  t ube  w i t h  the  expos i t ion  of 8,200 
r ad s / mi n  was used. Af te r  i r rad ia t ion  the  samples  were 
p la t ed  toge the r  wi th  bac te r ia  on Pe t r i  dishes. 

Photodynamie inactivation. The phage  lysate  was 
d i lu ted  10 t imes  wi th  p h o s p h a t e  buffer  (PH 7.0) and 
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Fig. 2. Inactivation effect of X-ray radiation on phages Pseudomonas 
aeruginosa P57 s, Pb and 7S. 
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10 ~xg/nll AO (0.35 ml  of d i lu ted  phage  lysa te  -t- 0.15 m l  
of 10 4 M  AO) was  added  u n d e r  t h e  o range  l ight .  The  
m i x t u r e  of phage  w i t h  t he  acr id ine  dye  was i n c u b a t e d  in 
da rknes s  a t  30~ for 60 min .  T h e r e a f t e r  0.2 m l  of t he  
m i x t u r e  was d i lu ted  w i t h  4:8 ml  of buf fer  a n d  i r r a d i a t e d  
in a c rys t a l l i za t ion  dish  w i t h  t he  500 W T u n g s r a m p h o t  
b u l b  a t  a d i s t ance  of 20 cm (41 ergs/cmS/sec). D u r i n g  
i r r ad i a t i on  t he  2 - ram- th ick  layer  of f luid in t he  crys ta l l i -  
za t ion  dish  was i n t ens i ve l y  ag i t a t ed .  I r r a d i a t e d  bac te -  
r iophages  were p l a t e d  to  t he  bac t e r i a l  hos t  u n d e r  t he  
o range  l igh t  a n d  t he  inoccu la ted  d ishes  were c u l t i v a t e d  
a t  37~ for 18-20 h. 

Dark inactivation. I n  da rknes s  0.3 ml  of 10 -3 M (1000 
~xg/ml) or 10 -~ AO HC1 (1,000 [xg/ml) was  added  to  0.7 ml  
of phage  lysa te  d i lu ted  10 t imes  w i t h  p h o s p h a t e  buffer .  
Phages  were i n c u b a t e d  t o g e t h e r  w i t h  t he  AO c o n c e n t r a t i o n  
m e n t i o n e d  in da rknes s  a t  t h e  t e m p e r a t u r e  of 30~ At  
selected t i m e  in t e rva l s  samples  were t a k e n  and  t i t r a t i o n s  
were car r ied  ou t  u n d e r  t he  o range  l ight .  
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Fig. 3. Inactivation effect of acridine orange in darkness on phages 
Pseudomonas aeruginosa P573, Pb, and 7S. 
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Fig. 4. Photodynamic effect of acridine orange on phages Pseudo- 
monas aemginosa P573, Pb and 7S. 

Results and discussion. I n  our  s t u d y  we t r i ed  to ut i l ize  
severa l  phys ica l - chemica l  agen ts  of va r ious  i n a c t i v a t i o n  
effects  for t he  d i f f e r en t i a t i on  of phages  Pseudomonas 
aeruginosa. U V - r a d i a t i o n ,  X - r a y  r a d i a t i o n  and  A O  (dark  
i n a c t i v a t i o n  a n d  p h o t o d y n a m i c  inac t iva t ion )  were used. 
As we know the  sens ib i l i ty  of phages  to r a d i a t i o n  is de- 
p e n d e n t  on  t h e  s t r u c t u r e  a n d  c o n t e n t  of D N A  and  RNA.  
I n  F igure  1 we can  see a g rea t  s ens i t i v i t y  of phages  7S 
a n d  P b  to  t h e  i n a c t i v a t i o n  effect  of U V - r a d i a t i o n  a n d  a 
s imi la r  p h e n o m e n o n  can  be  observed  a f t e r  the  i n a c t i v a t i o n  
of these  phages  b y  m e a n s  of X - r a y  r a d i a t i o n  (Figure  2). 
As all  these  phages  c o n t a i n e d  e i the r  s ing le - s t r anded  D N A  
or R N A  9, i t  was poss ib le  to  d i f f e ren t i a t e  these  phages  
f rom the  phage  P57 a w h i c h  c o n t a i n e d  a n o r m a l  double-  
s t r a n d e d  DNA.  All phages  s tud ied  be longed  to p o l y v a l e n t  
phages ,  i.e. t h e y  h a d  a wide  s p e c t r u m  of hosts .  The  
sens ib i l i ty  of these  phages  to  i r r ad i a t i on  c o n t r i b u t e d  to  
t h e i r  bas ic  d i f fe ren t ia t ion .  

On t he  o t h e r  hand ,  t he  phages  Pseudomonas aeruginosa 
were no t  sens i t ive  to  t he  d a r k  i n a c t i v a t i o n  w i t h  100 ~tg/ml 
AO t h o u g h  in our  p rev ious  s tud ies  we succeeded in 
d i f f e r en t i a t i ng  well  in  t h i s  way  va r ious  p o l y v a l e n t  s t a p h y -  
lococcal  phages  ~,s or phages  be long ing  to d i f fe rent  sero- 
logical  groups  s. I n  da rknes s  t he  Pseudomonas phages  
were  no t  i n a c t i v a t e d  even  w i t h  t he  10 t imes  increased  
c o n c e n t r a t i o n  of AO (1,000 [zg/ml) (Figure 3). The  phage  
Pseudomonas aeruginosa P573 was r e s i s t en t  also to  t he  
p h o t o d y n a m i c  effect  of 10 tzg/ml AO, whi le  t he  o the r  
phages  s tud ied  (Pb  a n d  7 S) were cons ide rab ly  i n a c t i v a t e d  
w i t h  t h i s  c o n c e n t r a t i o n  of AO (Figure  4). An  increased  
s ens i t i v i t y  of these  phages  to  t he  p h o t o d y n a m i c  effect  of 
AO can  be  d e p e n d e n t  on  t he  presence  of s ing le - s t r anded  
D N A  a n d  RNA,  t o o t  D u r i n g  t he  p h o t o d y n a m i c  inac t i -  
v a t i o n  of bac t e r i ophages  w i t h  AO t h e  b reaks  of one D N A  
s t r a n d  obv ious ly  occur, a n d  in p h a g e  E. coli T7 the  
f o r m a t i o n  of labi le  N-glycosidic  b o n d s  was also found  10. 
Fo r  all  t h a t ,  t h e  n a t u r e  of l e tha l  p h a g e  in jur ies  i nduced  
b y  t h e  p h o t o d y n a m i c  ac t ion  of ac r id ine  dyes is n o t  com- 
p l e t e ly  clear,  and  in some phages  a n d  in a n u m b e r  of 
v i ruses  u i t  was found  t h a t  t he i r  s ens i t i v i ty  or res i s tance  
to  t h e  p h o t o d y n a m i c  a c t i o n  of va r ious  dyes is n o t  too 
d e p e n d e n t  on  t he  t y p e  of nucleic  acids con t a ined  no r  on  
t h e  r a t io  of bases  p resen t .  I t  seems t h a t  the  s ens i t i v i t y  is 
more  l ikely d e t e r m i n e d  b y  t he  s t r u c t u r e  and  t h e  pe rme-  
ab i l i t y  of t h e i r  p ro t e in  coa t  or b y  the  t y p e  of b o n d  of t h e i r  
p ro t e in s  to  nucleic  acids. For  t h a t  reason  p r o b a b l y  t he  
d i f fe ren t  s ens i t i v i t y  of phages  Pseudomonas aeruginosa 
to  t h e  p h o t o d y n a m i c  i n a c t i v a t i o n  w i t h  AOis no t  d e p e n d e n t  
on ly  on  t h e  t y p e  of t h e i r  nucleic acids. The  def in i t ive  
e v a l u a t i o n  of t he  app l i cab i l i t y  of inac t iva•  effect  of 
AO for t he  d i f f e r en t i a t i on  of phages  Pseudomonas aerugi- 
nosa will  be  possible  on ly  a f te r  t he  t e s t i ng  of a g rea te r  
n u m b e r  of phage  s t r a in s  w i t h  va r ious  proper t ies .  How-  
ever,  if also t he  increased  res i s t ance  of these  phages  to  t he  
i n a c t i v a t i o n  effect  of h y d r o x y l a m i n e  (unpub l i shed  da ta )  
is t a k e n  in to  account ,  t h e  obse rved  s l ight  i n a c t i v a t i o n  
effect  of AO in da rknes s  is no t  su rp r i s ing  because,  a m o n g  
t h e  bac te r i a l  r ep resen ta t ives ,  t he  whole  group E n t e r o -  
bac t e r i aceae  is no t  t h e  m o s t  sens i t ive  to  the  i n a c t i v a t i o n  
effect  of h y d r o x y l a m i n e l %  W i t h  r ega rd  to f a v o u r a b l e  
resu l t s  o b t a i n e d  d u r i n g  t h e  d i f f e ren t i a t ion  of phages  s-8 
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and  bacter ia  la by  means  of some physical -chemical  agents,  
fu r the r  research and appl ica t ion  of these  agents  can be 
considered as a promiss ing  method .  

Zusammen/assung. Pseudomonas-aeruginosa-Phagen 
wurden  durch  UV- ,  X - S t r a h l e n  und  Afr idinorange inak- 
t iv ie r t  und die erzielte Wi rkung  auf die Differenzierung 
der  D N S  oder  R N S  e n t h a l t e n d e n  Bac te r iophagen  un te r -  
sucht .  Es  ergaben sich eine auffa l lend schwache Inak t i -  
v ie rung durch  Akr id inorange  im Dunke lve r such  und  

gegen S t rah lenwi rkung  ausgesprochen  sensible Phagen  
mi t  einfaseriger  DNS und  RNS.  

j. I:)ILLICH, E. JANOVSKi, 
D. TOUFAROV2~ and A. KAZDOVs 

Institute o/Biophysics, 
Czechoslovak Academy o/ Sciences, 
Krdlovopolskd 135, Brno 12 (Czechoslovakia), 
28 June 1971. 

t~ber den Einbau von Dipeptiden in Ergotoxin-Alkaloide 

Es konn te  gezeigt werden,  dass  Valin, Leucin und  Prol in  
we i tgehend  spezifisch in den  Pep t id te i l  von  Ergocorn in  
bzw. E r g o k r y p t i n  inkorpor ie r t  werden  1 8. Als unmi t t e l -  
bare  Vors tufe  des e -Hydroxy-e -aminos~ure -Te i l s  der  Er-  
gotoxine  fungier t  Valin~, 3. Nach  AGURELL 4 soil die 
E r g o t a m i n b i l d u n g  via  Lysergyla lan in  verlaufen.  In  
Analogie dazu sollte bei  den Ergo tox in-Alka lo iden  Lyser-  
gylval in  eine obl igator ische Zwischens tufe  sein, an welche 
die res t l ichen Aminos~uren  sukzessive oder  aber  ein 
Dipep t id  angefi igt  werden.  U n t e r  Ve rwendung  eines 
zellfreien E x t r a k t e s  bzw. der  <~Replacement~>-Technik 
konn t en  ABE et al. 5, 5 nach  Appl ika t ion  von L-Leucyl-L- 
prol in- lac tam-aH,  L-Leucyl-D-prolin-lactam-3H sowie L- 
Phenyla lanyl -L-pro l in- lac tam-aH und  L-Phenylalanyl-D 
prol in- lactam-aH) rad ioak t ive  Pept ida lka lo ide  nachwei-  
sen. E in  chemischer  Abbau  wurde  n ich t  durchgefi ihr t .  
Bei den D-Prolin e n t h a l t e n d e n  L a c t a m e n  miisste  also 
be im E inbau  Konf igu ra t i onsumkehr  s t a t t g e f u n d e n h a b e n .  

Wir  un t e r such t en  die gleiche P rob l ema t ik  mi t  e inem 
Claviceps-Stamm, der  submers  Ergocorn in  und  Ergo-  
k r y p t i n  bi ldet .  Die Ergebnisse  s ind in der  Tabelle zusam- 
mengefass t .  Fails  ein spezif ischer  E inbau  erfolgt, sollte 
nach  Appl ika t ion  von  L-Valyl-L-leucin-U-14C (I) und  L- 
Leucyl-L-prolin-U-14C-lactam (III) nur  E r g o k r y p t i n  und  
nach  Ff i t t e rung  yon  L-Valyl-L-prolin-U-l*C-lactam (II) 
nur  Ergocorn in  mark ie r t  sein. Die drei  Pep t ide  e rgaben  
spezifische E i n b a u r a t e n  von  e twa  1%. Es  waren  jeweils 
beide Alkaloide radioakt iv .  Die Radioakt iv i t i i t sver te i lung  
im Pep t id te i l  der  Ergo tox ine  ergab, dass  die appl iz ier ten  

Pep t ide  v o m  Pilz gespal ten  wurden  und  die r ad ioak t iven  
Aminos/ iuren sowohl in Ergocorn in  als auch i n  Ergokryp-  
t in  inkorpor ie r t  worden  sind. Nach  F i i t t e rung  von  I liessen 
sich 20% der  Radioak t iv i t / i t  in der  P ro te in f rak t ion  des 
Mycels nachweisen.  Pro l in  aus der  F rak t ion  der  freien 
Aminos/ iuren des Mycels nach  Appl ika t ion  yon  II  besass 
nach  r igoroser  Rein igung eine Gesamtrad ioak t iv i t t t t  yon 
1,02 • 104 dpm.  Aus diesen Befunden  ergibt  sich, dass in 
Claviceps Dipept ide  spa l t ende  F e r m e n t e  en tha l t en  s ind 
und  zumindes t  in unserem Fal l  Dlpep t ide  n ich t  als unmi t -  
te lbare  Vors tufen  zur Syn these  des Pept id te i les  der  
Ergo tox ine  ve rwer t e t  werden.  

Experimentelles. Es wurde  eine Se lek tan te  des Claviceps 
purpurea-Stammes P e p t y  695 eingesetzt ,  F e r m e n t a t i o n  
nachS. Markier te  Verb indungen :  L-Valyl-L-Leucin-U- 
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Einbau yon Dipeptiden in Ergotoxin-Alkaloide 

Versuche Ergoeornm Ergokryptin 
A B C A B C 

Spezifische Radioaktivitfit 
(dpm/mMol) 1.02 x 106 2,06 • 10 s 2.13 • l0 s 2,27 • 106 1,7 • 10 ~ 2,3 x l0 s 
Spezifische Einbaurate 0,5% 1,2~o 1,03% 1% 0,93% 1,1% 

Abbau Radioaktivit~tsverteilung (%) 

Lysergsaure n.b. n.b. n.b. n.b. 2,6 n.b. 
Dimethylpyruvat 4 16 4,4 l0 3,4 7,5 
Prolin 5 72 80 8.4 91,6 90 
Leucin 80,5 3,4 5 
Valin 44 4,9 4,8 -- -- 

n.b., nicht bestimmt. 

Verffittert wurden: A).5,8 mg L-Valyl-L-leucin-U-14C (2.13 • l0 s dpln/mMol), Dauer 17 h; B~ 10,7 mg L-Leucyl-L-prolin-U-t4C-lactanl (2,02 
• l0 s dpm/mMol), Dauer 44 h; C) 18 mg L-Valyl-L-prolin-U-14C-lactam (2,07 • 108 dpm]mMol), Dauer 24 h. 


