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b r e a k  down  of l ipids  in t h e  l iver.  A l t h o u g h  useful  in fo rma-  
t i on  m a y  be  o b t a i n e d  b y  t he  ana lys i s  of b lood l ipopro te ins  
and  free f a t t y  acids i t  is cons ide rab ly  more  c o m m o n  to 
d e t e r m i n e  t be  levels of cholesterol ,  phospho l ip id  a n d  
t o t a l  l ipid. I t  is recognized t h a t  these  t h r ee  chemica l  
classes of l ipids  m a y  each  be  m a d e  up  of c o m p o n e n t s  f rom 
m a n y  l ip id  complexes  of p lasma.  Since t he  b lood  levels of 
these  l ipids  and  p ro te ins  are  o f ten  of cl inical  s ignif icance 
a n d  since t h e y  are con t ro l led  b y  t h e i r  levels in  l iver  t h e y  
are e s t i m a t e d  in t h e  l ivers  and  se rum of t e s t  animals .  
The  b iosyn thes i s  of t r ig lycer ides  a n d  phospho l ip ids  are 
d e p e n d e n t  on  t he  p r o d u c t i o n  of D-l, 2 diglycer ide  wh ich  
occurs  p r i m a r i l y  ~n t he  l iver  and  also wh ich  requi res  t he  
p a r t i c i p a t i o n  of CoA. All icin is ascr ibed  w i t h  t he  p r o p e r t y  
of combin ing  w i t h  - S H  group,  t he  func t iona l  p a r t  of 
CoA wh ich  is necessa ry  for t he  b iosyn thes i s  of f a t t y  acids, 
cholesterol ,  t r ig lycer ides  a n d  phosphol ip ids .  The  l ip id  
lower ing  effect  of al l icin m a y  the re fore  be a t t r i b u t e d  to 
i ts  c apac i t y  to  i n a c t i v a t e  - S H  group compounds .  The  
choles terol  lowering effect  of al l icin is more  p r o n o u n c e d  
on  t he  free choles terol  levels t h a n  on t h e  t o t a l  choles terol  
levels.  The  p r e sen t  resu l t s  are in a g r e e m e n t  w i t h  t he  
f ind ings  of TEMPLE ~2 who s tud ied  t he  choles tero l  lowering 
effects of po lysu lph ides  r e sembl ing  those  found  in garl ic 
oil. The  n o t e d  decrease  in t h e  level  of free choles terol  m a y  
sugges t  t h a t  i ts  e s te r i i i ca t ion  is acce le ra ted  a n d  t h u s  t he  
t r a n s p o r t  and  u t i l i za t ion  of l ip ids  enhanced .  F r o m  a 
q u a n t i t a t i v e  s t a n d  poin t ,  t h e  se rum choles terol  largely  if 
no t  exc lus ive ly  arises f rom t he  hepa t i c  synthes is .  Hence  

t he  p r i m a r y  effect  of al l icin m a y  be  on  t he  l iver.  I n  a 
r ecen t  p a p e r  PRASAX~A~ 22 ha s  r epo r t ed  t h a t  t he  l iver  
l ip id  of r a t s  reaches  i ts  p e a k  level  w h e n  t h e y  are 5-6  
m o n t h s  old. I n  our  s t u d y  as we used r a t s  of t h i s  age group  
we can  s t a t e  t h a t  al l icin in  some way  p r e v e n t s  t h i s  f a t  
a c c u m u l a t i o n  in liver.  F r o m  t h e  resu l t s  of t h e  p r e sen t  
e x p e r i m e n t  we m a y  p re sume  t h a t  t he  b io syn thes i s  of 
choles terol  a n d  o the r  l ip id  c o m p o n e n t s  were i n h i b i t e d  
in r a t s  fed al l icin as t h i s  c o m p o u n d  can  i n a c t i v a t e  - S H  
groups.  Th i s  m a y  exp la in  t h e  t h e r a p e u t i c  va lues  of 
garl ic wh ich  is used in t h e  t r e a t m e n t  of h e a r t  disease and  
arteriosclerosis .  De ta i l ed  s t u d y  on  t he  m e c h a n i s m  of ac t ion  
of al l icin is u n d e r  progress.  

Zusammen]assung. E x p e r i m e n t e l l e r  Nachweis  eines 
hypolipidh~mischen Ef fek tes  des K n o b l a u c h - I n h a l t s t o f f e s  
All icin n a c h  L a n g z e i t - F i i t t e r u n g s v e r s u c h e n  m i t  R a t t e n ,  
wobei  die A l l i c in -Wi rkung  s ich s t a rke r  auf  die Lebe r  
als auf  das  B l u t s e r u m  a u s w i r k t  
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Cycloheximide: A Specific Inhibitor of Protein Synthesis and Intercellular Ion 
Transport in Plant Roots 

In  a r ecen t  p u b l i c a t i o n  1, we h a v e  p rov ided  ev idence  
sugges t ing  t h a t  cyc lohex imide  (CHM) specifically i nh ib i t s  
ion t r a n s p o r t  f rom a n  e x t e r n a l  so lu t ion  t h r o u g h  t he  roo t  
in to  t h e  roo t  xylem,  f rom where  ions are de l ivered  to  t he  
shoot .  Th i s  k i n d  of t r a n s p o r t  requi res  m o v e m e n t  of ions 
in  t he  s y m p l a s m i c  c o n t i n u u m  which,  b y  w ay  of t he  
p l a s m o d e s m a t a ,  ex t ends  f rom cell to  cell in  t h e  roo t  
p a r e n c h y m a  ~. B y  con t ras t ,  ion a c c u m u l a t i o n  in t he  vacu-  
oles of t he  roo t  cells, w h i c h  is la rgely  u n d e r  t he  con t ro l  of 
m e m b r a n e  t r a n s p o r t  (p l a sma lemma,  tonop las t ) ,  is no t  
impa i r ed  b y  CHM. Since i n c o r p o r a t i o n  of l~C-leucine in to  
pro te in ,  b u t  n o t  14C-leucine u p t a k e  in to  t he  roo t  is also 
s t rong ly  i n h i b i t e d  b y  CHM, we conc luded  t h a t  c o n c u r r e n t  
p ro t e in  syn thes i s  is a bas ic  r e q u i r e m e n t  of s y m p l a s m i c  
t r a n s p o r t .  These  earl ier  resu l t s  are s u m m a r i z e d  b y  t h e  
fol lowing t a b u l a t i o n ,  in  w h i c h  t he  va lues  g iven  r ep re sen t  
% of t he  cont ro l s  o b t a i n e d  in t he  absence  of CHM:  

CHM [~xg x m1-1] 
1 10 

Ion transport through the root 60 
Ion accumulation in the root 98 
l*C-leueine incorporation into 61 
protein 
llC-leucine uptake by the root 100 
Respiratory 02 uptake 104 
by the root cells 

i0 
105 

38 

113 
95 

I t  has  been  a rgued  repea ted ly ,  however ,  t h a t  such  resu l t s  
h a v e  to  be  cons idered  w i t h  e x t r e m e  care, because  an t i -  
b io t ics  such  as C t IM m a y  i n h i b i t  p r o t e i n  syn thes i s  r a t h e r  

i nd i r ec t ly  a n d  unspecif ical ly ,  e.g. v i a  i m p a i r i n g  ene rgy  
t r an s f e r r i ng  sys t ems  ~ 5. The  nega t i ve  effect  of CHM on 
O~ u p t a k e  s h o w n  in t he  above  t a b u l a t i o n  is n o t  suff ic ient  
ev idence  to  rule  ou t  a n  (uncoupl ing)  effect  on  o x i d a t i v e  
p h o s p h o r y l a t i o n .  I n  pr inciple ,  us ing  i nh ib i t o r s  wh ich  m a y  
u n d e r  ce r t a in  c i rcumstances ,  b u t  no t  general ly ,  exe r t  
specific effects in  sys tems  as complex  as t h e  i n t a c t  p l a n t  
root ,  i t  is n o t  suff ic ient  to  re ly  on  ti le de sc r ip t i on  of 
i n h i b i t o r  effects ill t h e  l i t e ra tu re .  A n u m b e r  of con t ro l  
e x p e r i m e n t s  m u s t  be  p e r f o r m e d  w i t h  t h e  g iven  m a t e r i a l  
a n d  e x p e r i m e n t a l  condi t ions .  To s u p p o r t  t he  above  
conclus ion  on  t i le  specific ac t ion  of CHM in b a r l e y  roots ,  
we h a v e  c o m p a r e d  t he  effects  of CHM on O~ u p t a k e  a n d  
levels  of A T P  a n d  A D P  in  t h e  roots  w i t h  those  of t he  well- 
k n o w n  uncoup le r  CCCP (ca rbony lcyan ide  m-chloro-  
pheny l -hyd razone ) .  

Roo t s  f rom bar ley  p l a n t s  g rown for 6 days  in t he  d a r k  a t  
25 ~ in H o a g l a n d ' s  cu l tu re  so lu t ion  were ha rves t ed ,  r insed  
a n d  k e p t  for 2 h in  a e r a t ed  so lu t ions  as usua l ly  used for 
t h e  ion u p t a k e  a n d  t r a n s p o r t  e x p e r i m e n t s  {i.e. 5 m M  
KC1 + 0.1 m M  CaSO~; cf. ref. 1) w i t h  CHM added  as 
i n d i c a t e d  in t h e  Table .  A t  t h e  end  of t h i s  per iod,  t h e  
t i ssue  was  r ap id ly  f rozen in l iqu id  N~ and  t r a n s f e r r e d  to  a 
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Respiratory O. 2 uptake, ATP- and ADP-levels in barley roots with no additions (controls) and with CHM and CCCP respectively added to 
the medium (5 mM KCl+0.1 mM CaSO4) 

Medium Respiratory O2-uptake ATP level ADP level 
{btmole gFlh -1) (nmole gF 1)  (nmole gF 1)  

Control 10.2 ~ 0.3 (28) 32.2 ~ 1.0 (11) 14.3 ~= 1.6 (3) 
1 btg CHM/ml 11.2 ~tz 0.5 (6) 43.1 :~ 1.8 (6) -- 
10/xg CHM/ml 8.3 i 0.3 (24) 44.5 =L 1.3 (11) 22.1 ~ 1.7 (3) 
2 ~xM CCCP 16.5 ~_ 0.5 (16) 3.8 :L 0.2 (9) 7.0 ~ 0.8 (3) 

Errors are standard errors, number of replicates in brackets. FW = fresh weight. 

m i x t u r e  of m e t h a n o l  : ch lo ro fo rm : 7  M formic  acid 
(12:5 :  3, v : v :  v) a t  --25~ Af te r  a b o u t  24 h, e x t r a c t i o n  was 
pe r fo rmed  a t  0 ~ in t h i s  so lu t ion  a n d  w i t h  s u b s e q u e n t  
wash ings  accord ing  to  BIELESKI6, L A T P  and  A D P  were 
t e s t ed  w i t h  t h e  luciferase t e s t  (firefly l a n t e r n  e x t r a c t  
f rom S igma  Chem. Comp.,  St. Louis,  Mo., USA)  as 
descr ibed  b y  PRAD~T s a n d  as used ear l ier  in  our  l abora -  
t o r y  9. O 2 u p t a k e  was d e t e r m i n e d  po l a rog raph i ca l l y  in  
a Rank-O3-e lec t rode  ( R a n k  Bro thers ,  B o t t i s h a m ,  Cam- 
br idgeshi re ,  E n g l a n d ) ,  where  CCCP was a d d e d  d i rec t ly  to  
the i n c u b a t i o n  vessel  a n d  O~ u p t a k e  m e a s u r e d  over  a 
pe r iod  of 10 rain.  

The  resu l t s  are  compi led  in t he  Table ,  I t  is qu i t e  
e v i d e n t  t h a t  t h e  CHM t r e a t m e n t s  do n o t  lead to  r educed  
A T P  levels  b u t  m a y  r a t h e r  s o m e w h a t  increase  t he  A T P  
levels in t h e  roo t  t issue. This  m i g h t  be r e l a t ed  to reduced  
A T P  c o n s u m p t i o n  b y  p r o t e i n  synthes is ,  wh ich  is i n h i b i t e d  
b y  CHM ( t a b u l a t i o n  above) ,  whi le  s i m u l t a n e o u s l y  respi ra-  
t i on  is un impa i r ed .  The  smal l  decrease  of O 3 u p t a k e  
obse rved  w i t h  10 ag  C H M / m l  is no t  s ign i f i can t  (see also 
t a b u l a t i o n  above) .  Hence,  u n d e r  t h e  cond i t ions  of ou r  
expe r imen t s ,  CHM has  m i n i m a l  effects on  energy  t r a n s f e r  
(i.e. r e s p i r a t o r y  O 3 u p t a k e  a n d  A T P  levels) in  b a r l e y  roo t  
cells. The  las t  l ine  of t h e  Tab le  p rov ides  a t e s t  of t h e  
i m m e d i a t e  response  of t he  roo t  cells to  m e t a b o l i c  i nh ib i -  
t ion.  The  uncoup le r  CCCP s ign i f i can t ly  increases  respi ra-  
t o r y  O2 u p t a k e  a n d  d ras t i ca l ly  reduces  t h e  A T P  level. 
A D P  levels  h a v e  been  m e a s u r e d  on ly  in a few cases. The  
decrease  of A D P  levels  w i t h  CCCP a n d  t h e  increase  w i t h  
10 fxg C H M / m l  is cons i s t en t  w i t h  a cons ide rab le  decrease  of 
ene rgy  cha rge  lo in  CCCP a n d  a sma l l  increase  in  CHM 
t r e a t m e n t s  respec t ive ly .  A M P  levels  were no t  de t e r mined .  

I n  conc lus ion  i t  appea r s  poss ib le  to  use CHM as a 
specific i n h i b i t o r  of p ro te in  syn thes i s  a n d  assoc ia ted  
p h e n o m e n a  such  as m e m b r a n e  t u r n o v e r  u n d e r  exper i -  
m e n t a l  cond i t ions  where  t h e  a p p r o p r i a t e  con t ro l  exper i -  
m e n t s  are  nega t ive .  The  new  d a t a  p r e s e n t e d  in  t he  Tab le  
s t rong ly  s u p p o r t  ou r  ear l ier  conc lus ion  ~ t h a t  some degree 
of m e m b r a n e  t u rnove r ,  a n d  the re fo re  of p r o t e i n  syn thes i s ,  
m u s t  be m a i n t a i n e d  d u r i n g  s y m p l a s m i c  t r a n s p o r t  of ions  

in  p l a n t  t issues.  BRINCKMANN 11 ha s  s h o w n  r ecen t ly  t h a t  
m e m b r a n e  p o t e n t i a l  osci l la t ions  of green  leaf cells, Which 
are  t r iggered  b y  swi t ch ing  on  or off non-cycl ic  p h o t o -  
s y n t h e t i c  e lec t ron  flow, are  p r e v e n t e d  b y  CHM (10 ~g/ml) ,  
a l t h o u g h  e lec t ron  f low i tself  is n o t  i m p a i r e d  (i.e. p h o t o -  
s y n t h e t i c  O~ evo lu t ion  una l t e red) .  This  emphas izes  t h a t  
c o m m u n i c a t i o n  v ia  t he  cy top l a smic  p h a s e  is b locked  b y  
CHM, since in t he  case of t he  m e m b r a n e  p o t e n t i a l  
osci l la t ions  such  c o m m u n i c a t i o n  would  be  requ i red  
be tween  t h e  ch lo rop las t s  gene ra t i ng  t he  e lectr ical  s ignal  
a n d  t h e  e lec t rode  (wi th in  t he  cell, p r e s u m a b l y  in t he  
vacuole)  p ick ing  i t  up. Thus  CHM seems to h a v e  a m e m -  
b r a n e - a c t i v e  role, which,  in  v iew of i ts  inef fec t iveness  on 
ion a c c u m u l a t i o n  across p l a s m a l e m m a  a n d  t o n o p l a s t  in 
roo t  cells, m a y  be loca ted  w i t h i n  t he  cy top lasm.  Cyclo- 
h e x i m i d e  m a y  ac t  on m e m b r a n e  t u r n o v e r  of such  com- 
p a r t m e n t s  as t he  c i s t e rnae  of t h e  endop lasmic  r e t i c u l u m  
and,  possibly,  t h i s  is how i t  i nh ib i t s  p ro t e in  synthes is .  

Zusammenfassung. Cyclohex imid  wi rk t  in  Gers te-  
wurze ln  s is  spezi f i scher  H e m m s t o f f  der  P r o t e i n s y n t h e s e  
und  des v e r m u t l i c h  a n  fo r t l au fende  P r o t e i n s y n t h e s e  und  
M e m b r a n - T u r n o v e r  g e b u n d e n e n  I o n e n t r a n s p o r t e s  d u t c h  
die Wurze l  in  das  Xylem.  Die resp i ra to r i sche  O3-Aufnahme 
wird  d u r c h  Cyc lohex imid  n i c h t  beeinf luss t ,  das  A T P - N i -  
veau  im Gewebe wird  geringfi igig e rhSht .  U n t e r  g le ichen  
B e d i n g u n g e n  s te iger t  der  E n t k o p p l e r  CCCP die 0 2- 
A u f n a h m e r a t e  u n d  senk t  das  A T P - N i v e a u  dras t i sch .  
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