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Results and discussion. Afte r  D A B  i n c u b a t i o n  in t he  pre-  
sence of HaO~, m i t o c h o n d r i a  appea red  heav i l y  s t a ined  
(figure 1); m a x i m a l  s t a in ing  occur red  w h e n  t h e  r eac t ion  
was car r ied  o u t  a t  p H  nea r  8. T he  s t a in ing  was localized 
b o t h  in t he  in t e rc r i s t a l  spaces  a n d  b e t w e e n  t he  ou te r  and  
inne r  m e m b r a n e s ,  whi le  no  o t h e r  organel le  was  s ta ined .  
Af te r  t h e  i n c u b a t i o n  w i t h  IKCN, amino t r i azo le  or an t i -  
m y c i n  A, t h e  s t a in ing  was less p r o n o u n c e d  and  more  
i r regular ,  b u t  on  t h e  whole  D A B  depos i t ion  seemed l i t t le  
af fected (figures 2, 3 a n d  4). I n  t he  presence  of m e t h a n o l -  
n i t ro fe r r i cyan ide ,  no  s t a in ing  was obse rved  in mi to -  
chondr i a  (figure 5). 
Our  resu l t s  i nd i ca t e  t h a t ,  in  P r o t o t h e c a  mori formis ,  i t  is 
possible  to  de t ec t  a pe rox idase  a c t i v i t y  in  t h e  presence  of 
H~O~ wh ich  is nea r ly  insens i t ive  to  KCN, amino t r i azo le  
a n d  a n t i m y c i n  A, and  is comple t e ly  i n h i b i t e d  b y  m e t h a -  
no l -n i t ro fe r r icyan ide .  
W e  h a v e  a t  p r e sen t  no  b iochemica l  i n f o r m a t i o n  on  t he  
enzyme(s)  r esponsab le  of th i s  pe rox idase  ac t iv i ty ,  b u t  
a p e r o x i d a t i v e  a c t i v i t y  of m i tochondr i a ,  d e m o n s t r a t e d  
b y  D A B  me thod ,  ha s  been  descr ibed  in o t h e r  un ice l lu la r  
o rgan i sms  8-5. 

I n  P r o t o t h e c a ,  t h i s  pe rox idase  a c t i v i t y  seems ne i t he r  due  
to  ca ta lase ,  because  D A B  depos i t ion  i s  n o t  i nh ib i t ed  b y  
aminot r iazo le ,  no r  to  c y t o c h r o m e  oxidase,  because  D A B  
depos i t ion  occurs  on ly  in t he  presence  of H 2 0  2 and  is 
insens i t ive  to  KCN. 
W e  t h i n k  t h a t  D A B  depos i t ion  could n o t  be  d e p e n d e n t  
on  a pe rox idase  r eac t ion  of c y t o c h r o m e  c 9, as the  peroxi-  
dase a c t i v i t y  is n o t  i n h i b i t e d  b y  a n t i m y c i n  A; b u t  we 
c a n n o t  exclude  a p a r t i c i p a t i o n  of a h a e m o p r o t e i n .  A t  
p re sen t  we f a v o u r  the  h y p o t h e s i s  t h a t  t he  perox idase  
a c t i v i t y  descr ibed  in th i s  p a p e r  could be  due  to a mi to -  
chondr i a l  pe rox idase  s imi lar  to  those  descr ibed  in o t h e r  
unice l lu lar  o rgan i sms  7-~. 
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Summary. A nove l  cyanogene t i c  c o m p o u n d ,  benzoy l  cyanide ,  
mi t l ipeds  (Pseudopo lydesmus  serra tus ,  Aphe lo r i a  c o r r u g a t a  
con t a in s  mande lon i t r i l e  a n d  benza ldehyde ,  and  t h a t  of P. 
isovaler ic  acid, myr i s t i c  acid and  s tear ic  acid. 

was  i so la ted  f rom the  defens ive  secre t ion  of 3 po lydesmoid  
and  A. t r imacu l a t a ) .  The  secre t ion  of the  3 species also 
se r ra tus  con ta ins  mande lon i t r i l e  benzoa te ,  benzoic  acid, 

One of t he  more  s t r ik ing  chemica l  defenses  of an imals ,  
r e m a r k a b l e  in p a r t  because  of i ts  s imi la r i ty  to  t he  defenses  
of ce r t a in  p lan t s ,  is t he  cyanogene t i c  g l andu la r  a p p a r a t u s  
of mi l l ipeds  of t he  order  Po lydesmida .  W h e n  d i s tu rbed ,  
these  an ima l s  d i scharge  d rop le t s  of an  odorous  f luid f rom 
a series of g lands  t h a t  open  a long t he  sides of t he  body ,  
and  t h e y  d e p e n d  on  th i s  response  for p r o t e c t i o n  aga ins t  
p redaceous  enemies  2. T he  2 p r i m a r y  k n o w n  c o m p o n e n t s  
of these  secre t ions  are h y d r o g e n  cyan ide  a n d  benza lde -  
hyde  3-7, wh ich  are n o t  secre ted  as such  b y  t he  glands,  
b u t  are der ived,  as t h e y  are in  cyanogene t i c  p l a n t s  t h a t  
p roduce  these  c o m p o u n d s  9, f r om t he  c y a n o h y d r i n  m a n -  
deloni t r i le  9. The  m e c h a n i s m  w h e r e b y  the  mande lon i t r i l e  
s to red  in t he  g l ands  is exposed  to  c a t a l y s t  a n d  forced to  
dissociate  in to  b e n z a l d e h y d e  a n d  h y d r o g e n  cyan ide  a t  
t he  m o m e n t  of g l a n d u l a r  d ischarge  ha s  been  descr ibed  9. 
Po lydesmoid  mil l ipeds  are a divers i f ied lot,  and  recen t  
work  has  ind ica t ed  t h a t  t h e i r  secre t ions  m i g h t  be  chemi-  
cal ly more  complex  a n d  va r i ab l e  t h a n  genera l ly  sus- 
pec t ed  5,10, ~. W e  h a v e  now  r e inves t i ga t ed  3 po lydesmoid  
species t h a t  h a d  p rev ious ly  been  shown to  be  cyano-  
genet ic  6, 7,1~ _ P s e u d o p o l y d e s m u s  ser ra tus ,  Aphe lo r i a  
c o r r u g a t a  and  A. t r i m a c u l a t a  - and  found  t h e m  to  
produce ,  besides  mande lon i t r i l e ,  a nove l  a d d i t i o n a l  cyano-  
genet ic  c o m p o u n d ,  benzoy l  cyanide.  Moreover ,  t he  secre- 
t ion  of P. s e r r a tu s  was found  to  con t a i n  severa l  anc i l l a ry  
componen t s ,  wh ich  were also ident i f ied.  
The  mil l ipeds  s t e m m e d  f rom t he  env i rons  of I t haca ,  N .Y.  
Secre t ion  was o b t a i n e d  b y  m a n i p u l a t i n g  and  gen t ly  
t a p p i n g  the  animals ,  t a k i n g  up  t he  d i scharged  fluid in  
cap i l l a ry  t ub ing ,  a n d  t r a n s f e r r i n g  i t  to  c a r b o n  disulf ide 
or  e ther .  A p p a r a t u s  used in t he  ana lyses  inc luded  a gas  
c h r o m a t o g r a p h  (Var ian  2100 w i t h  f lame ion iza t ion  de-  

t ec to r ;  2.4 m glass co lumn,  5~o OV-1 on Gasch rom Q) 
and  a gas  c h r o m a t o g r a p h / m a s s  s p e c t r o m e t e r  (F inn igan  
3300) coupled  to  a c o m p u t e r  (Sys tems  I n d u s t r i e s  150). 
L i b e r a t i o n  of h y d r o g e n  cyan ide  f rom t h e  d i scharged  
secre t ion of all 3 species was  c lear ly  i nd i ca t ed  b y  the  b lue  
co lo ra t ion  t h a t  deve loped  on  s t r ips  of f i l ter  pape r  im-  
p r e g n a t e d  w i t h  copper  a c e t a t e / b e n z i d i n e  ace ta te  re- 
agen t  la he ld  beside t he  secret ion.  Presence  of benza lde-  
h y d e  was conf i rmed  b y  gas c h r o m a t o g r a p h i c  and  mass  
spec t ra l  compar i son  w i t h  a n  a u t h e n t i c  sample .  Mandelo-  
n i t r i le  as such  could  n o t  be  d e m o n s t r a t e d  b y  gas ch roma-  
t o g r a p h y  since i t  d issocia ted  a t  t he  h igh  i n s t r u m e n t  t e m -  
pera tu res .  However ,  i ts  p resence  in f resh  samples  of 
secretiol~ f rom all  3 species was  d e m o n s t r a t e d  b y  t h i n  
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Relative ratios* of the components identified in the cyanogenetic secretion of 3 polydesmoid millipeds 
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I lI III IV V VI VII VII1 
C6HsCOCN C6HsCH(0H)CN CaHsCHO C.HsCH(CN)'CO2C6H 5 C~H~COiH CH(CH3)ICH~CO2H C13H27CO~H CI~Ha~C0zH 

Pseudopolydesmus 
serratus 33 -L 4 + 100 11. =k 2 < 5 < 2 < 2 < 2 
Apheloria 
trimaculata 18 + 3 + 100 ND ND ND ND ND 
A. corrugata 1 Ja 1 + 100 ND ND ND ND ND 

*Relative ratios of the components are based on gas chromatographic peak area comparisons. The mean area of the benzaldehyde peak was 
arbitrarily assigned a value of 100 and all other values are relative to that assigned value. Calculations are based on secretion samples from 
10 individual millipeds per species. I = benzoyl cyanide; I1 = mandelonitrile; III benzaldehyde; IV = mandelonitrile benzoate; V = 
benzoic acid; VI = isovalerie acid; VII = myristic acid; VIII -- stearic acid. ~ , detected by thin layer chromatography only. ND, not 
detected. 

layer c h r o m a t o g r a p h y  (Silica gel 6060 plates,  developed 
in 5:1 benzene/chloroform,  and  in pe t ro l eum ether ,  wi th  
2, 4 -d in i t ropheny lhydraz ine  or 12 as de tec t ion  agents).  
The gas ch roma tog raphs  had  d e m o n s t r a t e d  the  presence  
of one major  c o m p o n e n t  beside benza ldehyde ,  of longer 
r e t en t ion  t ime t h a n  the  la t ter .  This c o m p o n e n t  p roved  
to have  gas ch romatograph ic  character is t ics  and a mass  
spec t rum [m/e 132 (6), 131 (67), 105 (100), 77 (90), 56 
(63), 55 (41)] ident ical  to those  of an i n d e p e n d e n t l y  pre- 
pared  sample  of benzoyl  cyanide  (m.p.  30-31 ~ 
Tile secret ion of P. ser ra tus  conta ined  9 addi t iona l  minor  
componen t s ,  of which  5 were p resen t  in suff icient  q u a n t i t y  
for ident if icat ion.  One of these  showed a re ten t ion  t ime 
and mass  spec t rum [m/e 237 (10), 116 (77), 105 (100), 
89 (27), 77 (65), 51 (29)] ident ica l  to those  of an au then t ic  
sample  of mandeloni t r i le  benzoa te  (m.p.  57 59~ pre-  
pared  as previous ly  descr ibed ~. The o the r  4 p roved  to be 
carboxyl ic  acids. They  were conver t ed  to m e t h y l  esters  
by t r e a t m e n t  wi th  e therea l  d iazomethane ,  and identif ied 
on the  basis of gc/ms da t a  as benzoicl% isovaleric ~7, 
myris t ic  ~s and stearic 19 acid. 
The results  are summar ized  in the  accompany ing  table,  
which also gives quan t i t a t i ve  da ta  on those  compounds  
whose relat ive rat ios could be meaningfu l ly  calculated 
by  gas -chromatograph ic  peak  compar i sons  (Varian 1200 
gas c h r o m a t o g r a p h ;  3 m stainless steel column,  10% OV- 
17 on Gaschrom Q). 
Benzoyl  cyanide  has  no t  been  previously  isolated f rom 
e i ther  animals  or plants .  However ,  as we are repor t ing  
elsewhere 2~ the  compound  occurs also in the  defensive 
secret ion of geophilid cent ipedes ,  which  have  mos t  
p robab ly  evolved the  abi l i ty  to  produce  this  subs tance  
i ndependen t l y  from millipeds. Benzoic acid and mandelo-  

nitri le benzoa te  have  been previous ly  r epor ted  f rom poly-  
desmoid  mill ipeds 5, i0, 2~, b u t  the  la t t e r  c o m p o u n d  had  
been t h o u g h t  to  be an ar t i fac t  arising dur ing  chemical  
analysis  of the  secret ion 2t. In  Pseudopolydesmus ,  a t  
least,  bo th  these  compounds  are real c o m p o n e n t s  of the  
secretion,  as evidenced by  our f inding t h a t  t h e y  were 
de tec tab le  in secre t ion samples  gas - ch roma tog raphed  
wi th in  seconds af ter  discharge.  Isovaleric  acid has also 
been  repor ted  previous ly  f rom a po lydesmoid  mil l iped 5, 
bu t  s tearic and  myr is t ic  acids have  no t  22. 
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F u n g i t o x i e  p r o p e r t i e s  of R o s a  c h i n e n s i s  Jacq .  
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Summary. During a sys temat ic  survey  of h igher  p lants  for the i r  fungi toxic i ty ,  the  flowers of Rosa  chinensis  Jacq.  
were found to exhibi t  s t rong ant i fungal  proper t ies .  On chemical  inves t iga t ion  the  an t i fungal  pr inciple  was isolated as a 
shining, needle-shaped  crysta l l ine  substance.  I t  was ident i f ied as gallic acid. I t  exh ib i ted  fungis ta t ic  ac t ion aga ins t  as 
m a n y  as 17 fungi a t  3% concent ra t ion .  

P l an t s  are known  to  conta in  var ious  an t imicrobia l  sub- 
s tances  2,a. Surprisingly,  the  an t i fungal  principles of 
h igher  p lan ts  have  received re la t ively  l i t t le a t t en t ion .  
Dur ing  our  sys t ema t i c  survey  of h igher  p lan t s  for the i r  
fungi toxic  act iv i ty ,  the  flowers of Rosa  chinensis  Jacq.  
were found to exh ib i t  s t rong  an t i fungal  ac t iv i ty .  In  the  
p resen t  communica t ion ,  var ious  an t i funga l  proper t ies  of 
the  methano l i c  ex t r ac t  of the  rose flowers and isolation 

of the  act ive pr inciple  as well as its an t i fungal  p roper t ies  
have  been repor ted .  
The inh ib i to ry  proper t ies  of the  flowers were de t e rmined  
by  the  modif ied  paper  disc t echn ique  ~. The f lowers 
(20 g fresh weight)  were ex t rac ted  wi th  100 ml m e t h -  
anol. 2 ml  of t he  methanol ic  ex t r ac t  was i m p r e g n a t e d  
gradual ly  in a f i l ter  paper  disc (15 m m  diameter} by  
evapora t ing  the  so lvent  af ter  each addi t ion.  Discs ira- 


