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b r a n a i r e  exis te  dans  le mat6r ie l  nucl6aire.  Elle es t  d6cela- 
ble sur  les c o n t r a s t e s  n6gat i fs  (figure 2) de la r i cke t t s i e  
de t y p e  I I  chez laquel le  elle est  tr~s d6velopp6e (figure 6). 
Les corps  i n i t i a u x  (figures 3 e t  5). Les corps  i n i t i aux  de la  
r i cke t t s ie  de t y p e  I (figure 3) son t  coccoides, d ' e n v i r o n s  
400 n m  de d i a m 6 t r e ;  ceux  de  la r i c k e t t s i e  de t y p e  I I  
(figure 5} son t  baci l I i formes,  de 1200 p m  de long sur  
450 n m  de large. Ils m o n t r e n t  c e p e n d a n t  la m~me organi -  
s a t i on :  l im i t , s  p a r  2 m e m b r a n e s  un i t a i res  s6par6es, ils 
on t  un  c y t o p l a s m e  clair  aux  61ectrons au sein d u q u e l  
son t  vis ibles  de n o m b r e u s e s  fibri l les denses  ainsi  que  des 
granules  r ibosomiens .  
Les corps in t e rm6d ia i r e s  (figures 3 et  5). Fo rmes  de t r ans i -  
t i on  en t re  les 2 formes  pr6c6dentes ,  on  y obse rve  une  
dens i f ica t ion  la t6ra le  c o r r e s p o n d a n t  au r e g r o u p e m e n t  du  
ma te r i e l  nucl~aire  et  une  r e s t r u c t u r a t i o n  progress ive  des 
l imi tes  cellulaires.  Len t icu la i res  chez la r icke t t s ie  de t y p e  I 
(figure 3), les corps  in te rm6dia i re s  son t  baci l l i formes  chez  
la r i cke t t s ie  de t y p e  I I  (figure 5). 
Chez la r icke t t s ie  de t y p e  I I ,  des corps g6an ts  son t  vis ibles  
(figure 7). Pa rasph6r iques ,  ils a t t e i g n e n t  2,5 ~xm d e d i a -  
m~t re  e t  r e n f e r m e n t  des s t r u c t u r e s  Mlong~es c o n s t i t u t e s  
de f ibres accol6es. E n  sect ion t ransversa le ,  ces s t r u c t u r e s  
p r d s e n t e n t  une  mai l le  cr is ta l l ine,  

Discussion. Le cycle in t race l lu la i re  des 2 mic ro0 rgan i smes  
p e r m e t  de les p lace r  darts l ' o rd re  des Ch lamydia les  5. 
Leurs  carac t~res  u l t r a s t r u c t u r a u x ,  en pa r t i cu l i e r  ceux  des  
corps  6Mmentaires ,  t r a d u i s e n t  leur  a p p a r t e n a n c e  au genre  
Porochlamydia 7 qui v a  donc  s ' en r i ch i r  d ' u n e  ou de deux  
esp~ces nouvel tes .  I1 n ' e s t  pas  en  effe t  ce r t a in  que  Ia 
r i cke t t s ie  de t y p e  I soi t  une  nouvel le  esp~ce. Trouv~e  chez 
les ara ign6es  dans  des s t a t i o n s  tr~s vois ines  de celles oil les 
scorpions son t  infect6s p a r  Porochlamydia buthiT, elle ne  
pr6sente ,  avec  ce mic roorgan i sme ,  que  de l~g~res diff6- 
rences  morpho log iques  au n i v e a u  des corps  i n i t i aux  et  des  
corps  in te rm6dia i res .  Son 616vation au  r ang  d 'esp~ce es t  
donc  subo rdonn6e  X la mise en 6vidence de ca rac t~res  
sp6cifiques,  d ' o rd re  i m m u n o l o g i q u e  p a r  exemple,  e t  aux  
r6su l t a t s  d 'essais  d ' i n fec t ions  crois6es m o n t r a n t  la sp6- 
cificit6 d ' h 6 t e  des 2 microorganismes .  E n  ce qui concerne  
la r i cke t t s i e  de t y p e  I I ,  qu i  poss~de des  carac t~res  u l t r a -  
s t r u c t u r a u x  or ig inaux,  on  p e u t  en r e v a n c h e  la consid6rer  
d~s ~t p r6sen t  c o m m e  une  nouvel le  Porochlamydia. L '~ ta -  
b l i s s emen t  de la d iagnose  de ce t te  esp~ce n~cessite un  
c o m p M m e n t  d ' i n f o r m a t i o n  sur  ses aff ini t~s i m m u n o l o -  
giques ainsi  que sur  son cycle off l 'on  no te  la pr6sence de 
corps  g6ants ,  j u s q u ' a l o r s  i nconnus  dans  l 'o rdre  des  
Chlamydia les .  
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Summary. The  p a p e r  p re sen t s  ev idence  t h a t  p o l y m o r p h o n u c l e a r  neu t roph i l s  upon  s t i m u l a t i o n  w i th  he rpesv i ru s - induced  
an t i gens  release a m a t e r i a l  i n h i b i t o r y  to v i rus  infect ion.  The  m a t e r i a l  does  n o t  a p p e a r  to  be  iden t ica l  to t y p e  I or I I  
in te r fe ron .  

I t  h a s  been  c u s t o m a r y  to cons ider  the  p o l y m o r p h o n u c l e a r  
n e u t r o p h i l  (PMN) as an  effector  cell p r i m a r i l y  i n v o l v e d  
in a n t i b a c t e r i a l  r a t h e r  t h a n  in a n t i v i r a l  defense. R e c o v e r y  
f rom v i ra l  in fec t ions  seemS to be the  d o m a i n  of t he  
macrophage ,  t y p e  I i n t e r f e ron  p roduced  b y  v i rus - in fec ted  
ceils and  severa l  c o m p o n e n t s  of specific i m m u n i t y  2-e. 
A m o n g s t  these  l a t t e r  specific componen t s ,  an t i v i r a l  cy to-  
toxic  T ceils and  t he  l y m p h o k i n e  t y p e  2 in t e r f e ron  are 
a s sumed  to  be t he  m o s t  i m p o r t a n t  effector  m e c h a n i s m s  
of recovery.  A l t h o u g h  P M N  could  p l ay  a role in a n t / v i r a l  
defense  b y  p h a g o c y t o s i n g  opsonized  v i rus  par t ic les ,  t he  
i m p o r t a n c e  of th i s  process  in con t ro l l ing  v i rus  d i s semina-  
t ion  in v ivo  has  n o t  been  defined.  Since P M N  produce  

Table 1. Stimulants examined which failed to cause bovine Ileutro- 
phils to release virus inhibitor 

Vesicular stomatitis virus infected GBK cells 
Bovine rotavirus infected BSC-1 cells 
Bovine virus diarrhoea infected GBK cells 
Parainfluenza II1 virus infected GBK cells 
Newcastle disease virus infected GBK cells 
Herpes simplex virus infected VeRo cells 
Canine distemper virus infected dog kidney cells 

Heat aggregated bovine gamma globulin (500 txg/ml) 
Purified protein derivative of human tuberculin (500 b~g/ml) 
Antibody and complement opsonized zymosan particles 

l i t t le  or no  in t e r f e ron  7, *, t h e y  m a y  n o t  be invo lved  in 
r ecove ry  f rom v i ra l  infect ions .  However ,  some r ecen t  
obse rva t i ons  h a v e  sugges ted  a p a r t  for P M N  in a n t i v i r a l  
i m m u n i t y  0-12. Fo r  ins tance ,  P M N  were shown to ac t  as 
effector  cells in a n t i b o d y - d e p e n d e n t  cell c y t o t o x i c i t y  
(ADCC), wh ich  in t u r n  was  a s sumed  to p rov ide  a n  in 
v i t ro  model  of a n t i v i r a l  defense  e,13,14. In  fact ,  in t he  
b o v i n e  species, P M N  were t h e  mos t  eff ic ient  of all  cell 
t y p e s  t es ted  a t  m e d i a t i n g  a n t i v i r a l  ADCC lo. F u r t h e r m o r e ,  
PMN,  in t h e  p resence  of a n t i b o d y ,  could  p r e v e n t  v i rus  
d i s s emina t i on  when  added  to  v i rus - infec ted  m o n o -  
layers" ,  15. W e  now r e p o r t  f u r t h e r  ev idence  t h a t  P M N  
m a y  be invo lved  in a n t i v i r a l  i m m u n i t y  b y  showing  t h a t  
the  P M N ' s  are induced ,  b y  exposure  to  he rpesv i ru s  
an t igens ,  to  release subce l lu la r  m e d i a t o r s  which  can  
r ende r  cells r e s i s t a n t  to  v i rus  infect ion.  
Materials and methods. B o v i n e  P M N  f rom a n i m a l s  wi th  
no k n o w n  exposure  to t he  v i ruses  u n d e r  inves t iga t ion  
were isola ted f rom the  m a m m a r y  g lands  b y  m e t h o d s  
r epo r t ed  p rev ious ly  16. These  cells cons i s ted  of 9 8 - 9 9 %  
P M N  and  were c o n t a m i n a t e d  b y  macrophages .  The  cells 
were suspended  in Eagles '  base  m i n i m a l  essent ia l  m e d i u m  
(MEM) c o n t a i n i n g  1% fe ta l  calf  se rum a t  a cell concen t r a -  
t ion  of 5 • 106/ml. 
P r e p a r a t i o n  of cell and  v i ra l  s t imu lan t s .  The  fol lowing 
cell l ines were cu l tu red  in 100-mm pe t r i  dishes (approxi-  
m a t e l y  8 • 106 cells) in  M E M  c o n t a i n i n g  5% FCS - Georgia  
bov ine  k i d n e y  cells (GBK),  2 m o n k e y  k i d n e y  cell l ines - 
BSC-1 and  VeRo  and  dog k i d n e y  cells. T h e  vi ruses  s h o w n  
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Table 2. Biologic properties of various soluble mediators which interfere with virus replication 
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Mediator* Activity in different cells Acid sensitivity Virus 
(pH 2***) neutralization 

Porcine** Equine Bovine activity 

Type I interferon 40 • 10 (12.5) 60 ~ 12 (19) 320 4- 20 309 4- 15 (96) None 
Type II interferon 2100 4- 20 (140) 512 4- 14 (34) 1500 4- 40 256 ~ 30 (17) None 
PMN mediator (polyferon) 560 • 10 (98) 640 ~_ 20 (114) 580 4- 14 620 4- 18 (106) None 

* All mediators are of bovine origin, type I interferon was produced by stimulation of bovine skin fibroblast cultures with Newcastle Disease 
virus at a multiplicity of infection of 0.5 for 24 h. Type II interferon was produced by stimulating bovine T lymphoeyte-macrophage cultures 
with UV-irradiated IBR virus as described previously a. In all instances, the material was centrifuged for 3 h at 100,000 • g to remove residual 
virus. ** A continuous porcine kidney cell line (ESK) and a continuous equine dermis (E-derm) cell line obtained from American Type Culture 
Collection. Numbers in brackets represent the percentage of the activity demonstrated in homologous bovine cells. *** Mediators were treated 
at pH-2 for 24 b at 4~ neutralized and titrated on bovine cell cultures. Controls were incubated at 4~ in parallel. 

in t ab l e  1 were  cu l tu red ,  i n  add i t ion ,  G B K  cells were  
in fec ted  w i t h  in fec t ious  b o v i n e  r h i n o t r a c h e i t i s  v i r u s  
( I B R )  also a t  a M O I  of 1. CeLls were  h a r v e s t e d  w h e n  
s h o w i n g  a d v a n c e d  s igns  of C P E .  To  effect  th is ,  t he  f luids  
were  r e m o v e d ,  t h e  m o n o l a y e r s  w a s h e d  twice  in H a n k ' s  
b a l a n c e d  sa l t  s o l u t i o n  ( H B S S )  a n d  the  in fec ted  cells U V -  
i r r a d i a t e d  to  i n a c t i v a t e  v i rus .  U n i n f e c t e d  con t ro l  cells 
were  t r e a t e d  l ikewise.  Af te r  i r r ad i a t ion ,  t he  cells were  
d e t a c h e d  f r o m  the  p las t i c  w i t h  a r u b b e r  po l i cemen ,  
r e s u s p e n d e d  to  2 ml  in H B S S  and  s t o r ed  a t  - - 7 0 ~  
P r io r  to  use, t he  a n t i g e n  was  t h a w e d ,  a g i t a t e d  a n d  
d i lu ted  as  r e q u i r e d  and  added  in 50 [zl a l i q u o t s  to  1 ml  
c u l t u r e s  of P M N  in 1.6 m m  wells  of 4 x 6  L i n b r o  cu l t u r e  
p la tes .  The  c o n c e n t r a t i o n  of s t i m u l a t i n g  m a t e r i a l  w a s  
e x p r e s s e d  in u n i t s  w i t h  1 un i t  be ing  e q u i v a l e n t  to  4 • 103 
cells ( infec ted  or  cont ro l )  p r i o r  to s t o r age  a t  - -70~ 
The  cu l t u r e s  were  i n c u b a t e d  a t  37~ for  24 h (in all 
e x p e r i m e n t s  e x c e p t  the  k ine t ics  of re lease e x p e r i m e n t s ) ,  
a f t e r  w h i c h  the  s u p e r n a t a n t  f luids  were  h a r v e s t e d ,  
b r ie f ly  cen t r i f uged  to  r e m o v e  cells and  s t o r ed  a t  - - 20~  
un t i l  a s s a y e d  for  i n h i b i t o r  ac t iv i ty .  
Cell f ree I B R  v i ru s  w a s  also used  as a s t i m u l a n t .  Th i s  
w a s  o b t a i n e d  b y  col lec t ing  the  f luids  f r o m  I B R - i n f e c t e d  
G B K  cells (at  24 h). To effect  c o n c e n t r a t i o n ,  these  
f lu ids  were  c e n t r i f u g e d  a t  100.000 •  for 3 h, t he  pel le t  

r e suspe r tded  to  1 /50th  the  or ig ina l  v o l u m e  in H B S S  a n d  
U V - i r r a d i a t e d  to  i n a c t i v a t e  in fec t iv i ty .  H e a t - a g g r e g a t e d  
b o v i n e  g a n n a  g lobu l in  (BGG) w a s  p r e p a r e d  b y  h e a t i n g  
c o m m e r c i a l  B G G  (Sigma)  a t  63~ for  30 min .  A n t i b o d y  
a n d  c o m p l e m e n t  opson ized  z y m o s a n  pa r t i c l e s  were  p re -  
p a r e d  e x a c t l y  as  desc r ibed  b y  H e n s o n  ~7. 
T i t r a t i o n  of  a n t i v i r a l  i nh ib i to r s .  T h e  m e t h o d  used  w a s  
as  desc r ibed  p r e v i o u s l y  5. Brief ly ,  2 fold d i l u t i o n s  of 
s u p e r n a t n a t s  col lected f r o m  the  s t i m u l a t e d  or  u n s t i m u -  
l a ted  P M N  cu l tu res ,  were  a d d e d  in 100qxl v o l u m e s  to 
m o n o l a y e r s  of G B K  cells in m i c r o t i t e r  p la tes .  24 h la ter ,  
t he  f luids  were  r e m o v e d ,  t he  m o n o l a y e r s  w a s h e d ,  a n d  
in fec ted  w i t h  e i t he r  25 p l a q u e  f o r m i n g  u n i t s  of vesc icu la r  
s t o m a t i t i s  v i ru s  (VSV) or  I B R  vi rus .  1 h la ter ,  t h e  un-  
a b s o r b e d  v i ru s  w a s  r e m o v e d  a n d  t h e  V S V - i n f e c t e d  
c u l t u r e s  were  o v e r l a y e d  w i t h  1% m e t h y l  cel lulose in 
MEM. I n  the  case  of I B R - i n f e c t e d  cu l tu re s ,  t he  f lu ids  
to be t i t r a t e d  were  a d d e d  b a c k  (in 100 ~xl vo lumes )  
t o g e t h e r  w i t h  100 al M E M + 1 0 %  F C S  c o n t a i n i n g  4 
n e u t r a l i z i n g  u n i t s  of a n t i - I B R  s e r u m  s. i n  s o m e  of t he  
con t r o l  m o n o l a y e r s ,  t he  s t i m u l a n t s  were  a d d e d  to  MES~[ 
a t  the  c o n c e n t r a t i o n  used  to  s t i m u l a t e  PMN.  Th i s  w a s  
to con t r o l  for a n y  i n t e r f e r o n  p r o d u c i n g  a c t i v i t y  of t he  
r e m a i n i n g  a n t i g e n  in t he  p r e p a r a t i o n  be ing  t i t r a t e d  for  
a n t i v i r a l  ac t iv i ty .  
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Fig. 1. Kinetics of inhibitor production following stimulation of 
neutrophils with IBR-virus-infected Georgia Bovine Kidney cells. 
The results of 3 experiments are shown. Uninfected GBK cells at the 
same concentration failed to stimulate inhibitor release. Sonicates 
of bovine PMN also expressed no virus-neutralizing activity or were 
able to protect GBK cells against VSV or IBR virus replication. 
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I n  all  cul tures ,  a f t e r  48 h, t he  mono laye r s  were w a s h e d  
a n d  s t a ined  a n d  the  p laque  i n h i b i t i o n  t i t e r  recorded.  The  
P M N  s u p e r n a t a n t s  Were also e x a m i n e d  for v i rus  n e u t r a l -  
izing a c t i v i t y  aga ins t  V S V  and  I B R  b y  m e t h o d s  descr ibed  
before  s; no neu t r a l i z i ng  a c t i v i t y  was found.  
T h e  de ta i l s  of t he  m e t h o d o l o g y  used to p roduce  b o v i n e  
types  I a n d  I I  in t e r fe rons  were descr ibed  p rev ious ly  18. 
Also descr ibed  p rev ious ly  were the  m e t h o d s  of m e a s u r i n g  
acid s ens i t i v i t y  a n d  the  a n t i v i r a l  a c t i v i t y  of the  com- 
p o u n d s  in d i f fe ren t  cell l ines 1. 
Results and discussion. As is shown  in f igure 1, I B R -  
v i rus - in fec ted  G B K  cells ( I B R - G B K )  was a p o t e n t  
s t i m u l a t o r  for the  release of a n  a n t i v i r a l  i nh ib i t i o r  f rom 
the  b o v i n e  PMN cul tures .  T h u s  the  cell free s u p e r n a t a n t  
f luid,  f rom such cu l tu res  h a d  a n t i v i r a l  a c t i v i t y  aga in s t  
b o t h  V S V  and  I B R  viruses.  The  s t i m u l a t o r y  effect  of 
t he  I B R - G B K  a n t i g e n  was dose d e p e n d e n t  and  was 
a p p a r e n t l y  the  r e su l t  of s t i m u l a t i o n  of P M N  b y  I B R  v i ra l  
induced  an t i gen  since un in fec t ed  G B K  cells fai led to  
cause  t he  release of a n y  inh ib i to r .  As few as a p p r o x i m a t e l y  
1000 v i rus - in fec ted  cells were needed to cause  t he  P M N  
cu l tu res  to  release d e t e c t a b l e  inh ib i to r .  
The  i n h i b i t o r  was f i rs t  d e t e c t a b l e  6-9  h a f t e r  s t imu la t i on ,  
r eached  p e a k  levels a t  18-21 h and  pers i s t ed  for a t  leas t  
48 h (f igure 2). The  a c t i v i t y  was expressed  aga ins t  b o t h  
V S V  and  I B R  viruses.  A l t h o u g h  v i rus - in fec ted  cells 
caused  t he  release of large a m o u n t s  of inh ib i to r ,  t he  
levels of free v i rus  re leased f rom such  cells were insuf f ic ien t  
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Fig. 2. Kinetics of production of inhibitor of VSV virus replication 
after stimulation of PMN with UV-irradiated IBR-virus-infeeted 
GBK cells. The results of 3 separate experiments are shown. 

to  s t i m u l a t e  release.  In  fac t  i t  was necessa ry  to concen-  
t r a t e  v i rus  10fold or more  for i t  to  be s t i m u l a t o r y  (equiva-  
l en t  to  v i rus  released f rom a p p r o x i m a t e l y  4 X 1 0  s in- 
fec ted  G B K  cells). Since such  cell-free v i rus  cou ld  ad-  
d i t i ona l ly  con t a in  cell m e m b r a n e  f ragments ,  i t  is poss ible  
t h a t  such  f r agmen t s ,  w i t h  i nco rpo ra t ed  v i rus -coded  
an t igen ,  were respons ib le  for  t he  s t imu la t ion .  
W h e r e a s  G B K  cells in fec ted  w i t h  I B R  vi rus  regu la r ly  
t r iggered  P M N  to release the  inh ib i to r ,  o t h e r  v i rus - infec ted  
cells t e s t ed  were u n a b l e  to  do so ( table  1). These  obse rva -  
t ions  m a y  m e a n  t h a t  t he  P M N  bear  a r ecep to r  t h a t  
specif ical ly recognizes  a herpesvi rus .  However ,  m a n y  
more  vi ruses  m u s t  be i n v e s t i g a t e d  a n d  d i rec t  b i n d i n g  
s tud ies  m u s t  be done,  before  such  a c l a im can  be  sub-  
s t a n t i a t e d .  
I t  is of i n t e r e s t  t h a t  ou r  o b s e r v a t i o n  m a y  no t  mere ly  
be res t r i c ted  to the  bov ine  sys tem,  since we h a v e  observed ,  
in p r e l i m i n a r y  expe r imen t s ,  t h a t  h u m a n  P M N  can  be  
t r iggered  b y  Herpes  s implex  v i rus  in fec ted  VeRo cells 
to  release a s imilar  i n h i b i t o r  (unpub l i shed  da ta ) .  Al- 
t h o u g h  the  an t igen  recogn i t ion  e v e n t  requi red  for t he  
i nduc t i on  of the  i n h i b i t o r  m a y  p rove  to be  virus-specif ic ,  
t he  m a t e r i a l  i tself  is, like t y p e  I in te r fe ron ,  nonspeci f ic  
in t h a t  the  a c t i v i t y  was expressed  aga ins t  b o t h  D N A  
and  R N A  viruses.  Also in r e semblance  o t  in ter feron ,  t he  
m a t e r i a l  exh ib i t ed  no d i rec t  a n t i v i r a l  effects as could be 
d e t e r m i n e d  b y  v i rus  n e u t r a l i z a t i o n  assays.  However ,  
p r e l im ina ry  c h a r a c t e r i z a t i o n  s tudies  h a v e  revea led  dif- 
ferences f rom b o v i n e  t y p e  I and  t y p e  I I  in te r ferons ,  
in t h a t  the  m a t e r i a l  shows a n  i n t e r m e d i a t e  level of acid 
s ens i t i v i t y  and  a n t i v i r a l  a c t i v i t y  in some he te ro logous  
cells ( table  2). 
S tudies  are in  progress  no t  on ly  to cha rac te r i ze  t he  
i n h i b i t o r y  mate r ia l ,  b u t  also to descr ibe  the  o p t i m a l  
cond i t ions  needed  for i ts  p roduc t ion .  I t  seems no t  to  be 
per formed,  since sonica tes  of P M N  were no t  i n h i b i t o r y  
( table  2). The  c o n t e n t s  of P M N  granu les  did  no t  a p p e a r  
to be t he  i n h i b i t o r  since t r e a t m e n t  of P M N  wi th  a n t i b o d y -  
c o m p l e m e n t  opsonized z y m o s a n  part ic les ,  a p rocedu re  
t h a t  causes  t he  release of g ranu le  c o n t e n t s l L  fai led to  
t r igger  the  release of the  i n h i b i t o r  ( table  1). 
W h a t e v e r  t he  n a t u r e  of t he  i n h i b i t o r  or  t he  exac t  condi-  
t ions  needed  for i ts  p roduc t i on ,  our  s tud ies  do serve to  
s t r e n g t h e n  t he  hypo thes i s  t h a t  P M N  m a y  be  e x t r e m e l y  
i m p o r t a n t  ef fector  cells in  a n t i v i r a l  i m m u n i t y .  I t  m i g h t  
also be  t h a t  we h a v e  ident i f ied  a 3rd, t y p e  of i n t e r f e r o n -  
if so we could proVisional ly  n a m e  the  m a t e r i a l  in t e r fe ron  3. 
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Summary. I n  Hibiscus cannabinus a nega t ive  assoc ia t ion  exis ts  be tween  t he  fol iar  sp i ra l i ty  and  t h e  ae s t i va t i on  of 
corolla. Moreover ,  i t  is seen t h a t  the  f ru i t s  deve loped  f rom le f t - twis t ing  flowers of lef t -spira l led p l a n t s  and  those  of 
t he  r i gh t - tw i s t i ng  flowers of r igh t - sp i ra l l ed  p l a n t s  are b e t t e r  in qua l i ty .  

The  a e s t i v a t i o n  of corol la  in Hibiscus cannabinus is con-  
t o r t e d  ( the 5 pe t a l s  t w i s t  regular ly)  as in  o t h e r  species of 
Malvaceae  3-4. I n  a b o u t  50% of t he  f lowers on a n y  of these  
a n n u a l  p lan t s ,  t he  c o n t o r t i o n  of pe ta l s  is clockwise (left- 
handed )  a n d  in t he  rest ,  counter -c lockwise  ( r igh t -handed) .  
Since t he  p h y l l o t a x y  in th i s  species is a l t e r n a t e  (cyclic), 

t he  p l a n t / s h o o t  can  be  g rouped  in to  l e f t -handed  or  r i gh t -  
h a n d e d  s. The  foliar  a s y m m e t r y  is no t  gene t ica l ly  de te r -  
mined .  However ,  t he re  is an  assoc ia t ion  be tween  t he  fol iar  
sp i ra l i ty  a n d  t he  a e s t i v a t i o n  of peta ls .  A l e f t -handed  shoo t  
is found  to p roduce  more  of r i g h t - t w i s t i n g  (counter-c lock-  
wise) flowers, a n d  th i s  s i t u a t i o n  is reversed  in t he  case of 


