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sure. The  crude residue (20 rag) was dissolved in a few ml  
of 0 .1N N a O H  solut ion and re -ex t rac ted  wi th  ether.  The  
e thereal  ex t r ac t  was evapora ted  to  dryness  and  the  c rude  
diol was ref iuxed wi th  HC1 in aqueous  me thano l  (methanol :  
wa te r :  cone. HC1 = 5 : 5:1) for 2 h. The  solut ion was ex-  
t rac ted  several  t imes  with  pe t ro leum e ther  (b.p. 30°-50°C),  
washed wi th  5% sodium bicarbonate ,  dr ied over  anhy-  
drous magnes ium sulphate  and evapora ted .  A por t ion  of  
this oily res idue was redissolved in water ,  the  solut ion 
ad jus ted  to  p H  10 and t rea ted  wi th  2, 6-dichloroquinone-  
chloroimide and n-butanol .  The  organic layer  showed 
~ma~ 655 rim. In  the  same condi t ions  au then t i c  2-, 3- and  
4-hydroxybiphenyls  showed Srna~ (in n-butanol,) 655, 673, 
662 nm,  respect ively .  2-, 3- and 4-hydroxybiphenyls  were  
run  on a th in  sil ica-gel layer,  ac t iva t ed  a t  100°C for 1/, h. 
Pe t ro l eum e ther  (b.p. 30°--50 °C) and e thy l  e ther  1:1 were  
used as deve lop ing  solvent .  The  spots, de tec ted  by  spray ing  
wi th  0.5% potass imn pe rmangana t e  solution,  showed Rf  
0.52, 0.33, 0.40, respect ively.  TLC of the  phenolic  mix tu re  
ob ta ined  by  dehydra t ion  of the  crude diol gave  two spots :  
the  larger one showing Rf  0.52, the  o ther  v e r y  smal l  w i th  
RI  0.33. Gas -chromatography  of 2-, 3- and 4-hydroxybi-  
phenyls  was per formed by  a Carlo E r b a  GT mod.  200 Gas- 
chromatograph ,  wi th  a f lame ionizat ion detector .  Column : 
stainless steel,  2 m  × 2mm I.D.,  packed wi th  10% SE on 
Chromosorb  ~V (60-80 mesh}. Tempera tu re s :  co lumn 210 ° C, 
de tec tor  230°C, in jec tor  2500C. Carrier  gas n i t rogen  a t  1 
a rm (40 mI/min) .  Hydrogen  a t  0.8 a rm and air  a t  t .4 arm.  In  
these  condi t ions  the  peaks  of 2-, 3- and 4-hydroxybiphe-  
nyls showed re tent ion  t imes  of 3.75, 4.40, 4.45 min,  res- 
pect ively .  Gas -ch romatography  of the  residue f rom the  
acidic t r e a t m e n t  of b iphenyl  diol  gave  two  peaks  a t  re- 
ten t ion  t imes  3.75 and 4 .40min ,  re la t ive  amoun t s  
95 : 5. The  mass spec t rum of the  first  compound  (role = 17 O) 
was whol ly  super imposable  upon t h a t  of an au then t i c  
sample  of 2-hydroxybiphenyl .  The  spec t rum of the  second 
c o m p o n e n t  of the  m i x t u r e  (rn/e = 170) could no t  be com- 
pared  wi th  the  spect ra  of 3- and 4 -hydroxybipheny ls  
owing to  t he  poor  a m o u n t  re la t ive  to  the  b leeding of the  
column.  

In  o ther  exper iments  the  mo the r  l iquors f rom the  ex- 
t rac t ion  were acidified to  p H  3 and re -ex t rac ted  wi th  
e thy l  ether.  The  crude oi ly residue (70 mg) was hea ted  
wi th  a few ml  of pe t ro leum ether  (b.p. 30°-50 °C), the  li- 
quid  phase decanted  and the  solvent  evapora ted .  W h i t e  
crystals  were ob ta ined  af ter  repea ted  crys ta l l iza t ion  f rom 
n-pentane  (m.p. 120°C, undeprcssed by  a d m i x t u r e  wi th  
au then t ic  benzoic acid). E l emen ta l  analysis  was as follows : 
for  CTH60 ~ calc. 68.80% C; 4.92% H ;  found 69.14% C; 
4.95% H. IR ,  U V  and mass spect ra  were ident ica l  w i th  
those  of benzoic acid. 

I n  ",Varburg exper iments ,  cells of Ps. putida grown on 
b iphenyl  were s imul taneous ly  induced to oxidize b iphenyl  
and benzoic acid, no t  3, 4 -d ihydroxyb ipheny l  and phenyl-  
p i ruvic  acid. Only the  cells grown on phenylp i ruv ic  acid 

were s imul taneous ly  induced to  oxidize this  compound.  
Catechol  is oxidized by  recta-cleavage wi th  an enzymat i c  
sys tem t h a t  is cons t i tu t ive ly  present .  

Conclusions. Like o ther  a romat ic  hydrocarbons ,  bi- 
pheny l  undergoes  oxygena t ion  to  a diol. The  diol  isolated 
f rom biphenyl  cul tures  of ]~s. putida is shown to be 2, 3- 
d ihydro-2 ,3 -d ihydroxybipheny l .  I n  effect  the  dehydra-  
t ion  p roduc t  of th is  diol  was ident i f ied as 2-hydroxybi-  
phenyl .  A smal l  a m o u n t  was also found of a compound  
wi th  the  same TLC and GLC features  as 3-hydroxybi-  
phenyl .  The  fur ther  degrada t ion  of the  diol leads to the  
product ion  of benzoic acid th rough  a series of unident i -  
fied compounds .  

l~ecently LUNT and EVANS ~ found t h a t  a g ram-nega t ive  
bac te r ium oxidized b iphenyl  to  pheny lp i ruv ic  acid wi th  
the  in t e rmed ia ry  fo rmat ion  of 2 .3 -d ihydroxyb ipheny l  and 
a-hydroxy-f l -phenylmuconic  semialdehyde.  The  me ta -  
bol ism of b iphenyl  by  Ps. putida is d i f ferent  a f te r  the  in- 
t e rmed ia ry  p roduc t ion  of .2, 3-diol as we isolated benzoic 
acid f rom the  cul tures  and showed t h a t  t he  ceils grown on 
b iphenyl  are s imul taneous ly  induced to  oxidize benzoic 
acid in W a r b u r g  exper iments ,  no t  phenylp i ruv ic  acid. 
Only the  cells grown on phenylp i ruv ic  acid are s imul tane-  
ously induced to  oxidize this  compound.  

Research  is in progress in order  to  clar ify t he  metabol ic  
p a t h w a y  f rom the  diol  to  benzoic acid. 

Riassunto. La degradaz ione  det  bifenile da  par te  di 
Ps. putida inizia cori la  formazione di  un diolo cui si a t t r i -  
buisce la s t ru t tu ra  di  2,3-diidro-2,3-diossibifenile,  in 
quanto ,  per  d is idra taz ione a caldo con acido cloridrico, si 
t r as fo rma  in 2-ossibifenile e t racce di 3-ossibifenile. I1 
diolo v iene  u l t e r io rmente  degradato  ad acido benzoico. 
Le cellule di Ps. putida cresciute su bifenile sono simul-  
t a n e a m e n t e  indot te  ad ossidare al W a r b u r g  il bifenile e 
l ' ac ido benzoico, non il 3, 4-diossibifenile e l ' ac ido Ienil- 
piruvieo.  Le stesse cellule contengono una  metap i roca te -  
casi cos t i tu t iva .  
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Z u m  p h o t o t a k t i s c h e n  L a u f v e r h a l t e n  j u n g e r  H o n i g b i e n e n  ( A p i s  m e l l i f l c a  L . )  

]3evor S tockbienen  zum Sammeld iens t  i ibergehen, ma-  
chen sie mehrere  Orientierungsfl i ige.  Sie beginnen d a m i t  
e twa  a m  5. Lebens t ag  (ROSCH 1, SAKAGAMI 2). E igene  Beob-  
ach tungen  und E x p e r i m e n t e  zeigen, dass junge  Stock-  
bienen vo r  ih rem 1. Orient ierungsf lug ebenso wie ausflie- 
gende Sammelb ienen  (JACoBS-JEssEN ~)posi t iv  pho to tak-  
t isch ge s t immt  sind. 

Pho to tak t i sche  Laufversuche  sollen zeigen, ob und in- 
wiewei t  sich in den ersten Lebens tagen  adul ter  Bienen die 

Reak t ion  gegentiber  ger ingen Licht in tens i tXten /indert.  
Bienen des 1.-6. Lebens tages  wurden  a m  Tage  in e inem 
verdunke l t en  R a u m  (bei 26 °C) m i t  einer  Versuchsanord-  
hung  getestet ,  wie sie in F igur  1 darges te l l t  is t  (nach 
SCHRIeKER4). E ine  pos i t ive  Reak t ion  war  ein ununter -  
brochener  Lauf  durch  das be leuchte te  Rohr .  Als Ver- 
suchstiere d ien ten  um 0 Uhr  ~ 2 h im Bru t sch rank  ge- 
schliipfte Bienen,  die zu dieser Zeit  bei  sehr schwachem 
Rot l i ch t  gek~figt  und mi t  e inem Pol len-Fut te r te igge-  
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m i s c h  bei  26 °C bis  zum jewei l igen V e r s u c h s t a g  ohne  L i c h t  
g e h a l t e n  wurden .  W~ihrend des Versuchs  w u r d e n  die Tiere  
weder  gedr i i ck t  n o c h  be r f i h r t :  sie l iefen bei  sehr  schwa-  
c h e m  Lictxt ( <  0,05 Lux)  yon  der  W a b e  (eine R f i c k w a n d  
des  IZfi.figs b e s t a n d  aus  e inem e ingepass t en  Stfick B i enen -  
wabe)  in  e inen  E r l e n m e y e r - K o l b e n  u n d  w u r d e n  d a r i n  a n  
die E n t s c h e i d u n g s s t e l l e  angese tz t .  A m  E n d e  des  R o h r e s  
l iefen sie wieder  in  das  Gef/iss. Die  B i e n e n  eines K~figs  (4-6) 
w u r d e n  n a c h e i n a n d e r  j eweils  3ma l  bei  j ede r  L i c h t i n t e n s i -  
t ~ t  ge tes te t ,  so dass  zwischen d e n  L~ufen  e ine r  B iene  s t e t s  
e inige M i n u t e n  lagen.  A n  de r  E n t s c h e i d u n g s s t e l l e  w u r d e n  
in ze i t l i cher  Folge  0,05, 0 , t ,  0,2, 0,4, 0,8 L u x  geboten .  

] )as  E r g e b n i s  zeigt  die F i g u r  2: Bienen ,  die n a c h  d e m  
Schli ip~en n u r  k u r z  (be im K~figen)  e i n e m  sehr  s c h w a c h e n  
R o t l i c h t  ausgese t z t  waren ,  zeigen in A b h ~ n g i g k e i t  v o m  
A l t e r  e ine un t e r sch i ed l i che  Zah l  pos i t i ve r  R e a k t i o n e n  ge- 
gen i iber  ge r ingen  L i c h t i n t e n s i t ~ t e n .  A m  1. L e b e n s t a g  lau-  
fen die ]3ienen so g u t  wie ga r  n i c h t  z u m  Licht .  A m  2. Le- 
b e n s t a g  w/ ihlen sie a b  0,2 L u x  s ign i f ikan t  hi iuf iger  das  be- 
l e u c h t e t e  R o h r  u n d  e r re i chen  bei  0,8 L u x  schon  68% po- 
s i t ive  R e a k t i o n e n .  A m  3. u n d  4. L e b e n s t a g  u n t e r s c h e i d e t  
s ich  die p r o z e n t u a l e  H/~ufigkeit  p h o t o t a k t i s c h e r  Liiufe 
n ich t .  Die  W e r t e  ffir den  5. u n d  6. L e b e n s t a g  zeigen auch  
ke ine  auff/~lligen Un te r sch iede .  Die g e m e i n s a m e  K u r v e  l iegt  
b is  0,4 L u x  s ign i f i kan t  t iber  de r  des  3. u n d  4. L ebens t ages  
u n d  sche in t  s ich im obe ren  Bere ich  e inem G r e n z w e r t  zu nX- 
he rn .  Bei  0,8 L u x  k o m m t  es zu e iner  AnniLherung der  W e r -  
te  ft ir  B i e n e n  des  2.-6.  Lebens t ages .  E i n e  E r k l i i r u n g  ffir die 
ger inge  Z a h l  p h o t o t a k t i s c h e r  L~ufe  y o n  B i e n e n  a n  i h r e m  1. 
L e b e n s t a g  sollen m o r p h o l o g i s c h e  u n d  phys io log i sche  Un-  
t e r s u c h u n g e n  de r  A u g e n  geben.  E i n e  ges icher te  W a h l  des 
b e l e u c h t e t e n  G la s roh r s  zeigen B i e n e n  a m  5. u n d  6. Lebens -  
t ag  s c h o n  be i  0.1 Lux ,  a m  3. u n d  4. L e b e n s t a g  bei  0,4 Lux ,  
a m  2. L e b e n s t a g  e r s t  bei  0,8 L u x  u n d  B i e n e n  a n  i h r e m  1. 
L e b e n s t a g  in  d e m  u n t e r s u c h t e n  B e r e i ch  ga r  n ich t .  Die  
G r 6 s s e n o r d n u n g  der  im V e r s u c h  gewXhl ten  L i c h t i n t e n s i -  
t ~ t e n  df i r f te  den  na t t i r l i chen  L ich tverh~ , l tn i s sen  im S tock-  
i n n e r e n  sehr  n a h e  k o m m e n .  I n  e iner  Ieeren B e u t e  w u r d e n  
be i  e iner  B e l e u c h t u n g s s t ~ r k e  yon  1000 L u x  aussen  vo r  d e m  
F lug loch  i m  Z e n t r u m  des ]3 ru tnes tbe re i ches  0,12 L u x  ge- 
messen.  

. , r ' )  

Die s t a r k e  Le i s t ungs s t e ige rung  bezi ig l ich  des Verha l -  
t ens  gegeni iber  ge r ingen  L i c h t i n t e n s i t i i t e n  a b  5. Lebens -  
t ag  m a g  m i t  eine Erk l&rung sein fl i t  die D u r c h f f i h r u n g  des 
1. Or ien t i e rungs f luges  in  d iesem Alter .  W e i t e r e  U n t e r -  
s u c h u n g e n  f iber  die O r i e n t i e r u n g s l e i s t u n g e n  be im  l~ber-  
gang  y o n  de r  S tockpe r iode  zur  S a m m e l p e r i o d e  s ind  i m  
Gange .  
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Fig. 2. Bestimmung der Schwel|enintensitSt, die einen photoakti- 
schen Lauf auslOst. Abszisse: Lichtintensit/~t (Lux) in dem bcleuchtc- 
ten gegeniiber dem unbeleuchteten Rohr *O ~ an der Entscheidungs- 
stelle; Ordinate: prozentuale H/iufigkeit positiver Reaktionen (be- 
zogcn auf dic Zahl der mSglichen L~iufe, die ftir jeden Wert angegeben 

ist); s, zwischen den beiden H~ufigkeiten signifikanter Unterschicd; 
f 
a, Unterschied statistisch aufff/llig (KoLLERS); O, die Seitcntendenz 

zur Lichtquelle ist statistisch gesichert (HAssENSTEZN% 

Summary. T h e  n u m b e r  of p h o t o t a c t i c  r uns  t o w a r d s  
low l i gh t  i n t ens i t i e s  of y o u n g  bees (Apis melli/ica L.) 
depends  on  t h e i r  age. On  t he  1st d a y  t h e r e  is a l m o s t  no  
response.  Af t e r  t h e  4 th  day  a l i gh t  i n t e n s i t y  as low as 0.1 
L u x  induces  a p h o t o t a c t i c  run.  Th i s  inc rease  of r e sponse  
coincides  w i t h  t h e  p e r f o r m a n c e  of t h e  i s t  exerc ise  f l ight .  

J .  VOLLBEHR 

Freie Universitdt Berlin, I. Zoologisches Institut, 
KSnigin-Luise-Strasse 1-3, 
D-1 Berlin 33 (Deutschland), 29. Miirz 1971. 

Fig. 1. Versuchsanordnung des Wahlversuchs zwischen einem Glas- 
rohr, durch das Licht geschickt wird und einem, das im Dunkeln en- 
det. Als Lichtquelle dient eine Niedervoltlampe, deren Lichtintensi- 
t~it fiber einen Transformator variiert wird, Die Beleuchtungsst~irken 
wurden mit einem Luxmeter (Lange, Berlin) im Messbereich 0-10 Lux 
gemessen. Die Glasrohre (LSnge: 50 cm; Kaliber: 10 ram) steigen in 
Laufrichtung leicht an und sind durch Blenden gegen das Licht der 
Lampe abgeschirmt. 
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